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INTRODUCTION
was organized to address the concerns for
this species and develop a plan for ground
hornbill conservation across Africa. The
IUCN (World Conservation Union) Hornbill
Specialist group had been disbanded since
the previous hornbill conference, and so a
final special session was convened on the inand ex-situ conservation of hornbills, in case
a need was perceived for an international
management strategy. No African plan or
international strategy emerged, nor were any
other resolutions forthcoming.
The
Proceedings
from
this
Conference has been produced in CD-ROM
format, rather than as a formal and
conventional hardcopy publication. This
decision accommodated the limited desktop
publishing skills of the editors, minimized
costs of production, freed additional funds to
help some delegates with their attendance
and, we believe, enabled a less formal
production that better reflects the varied,
interesting,
colourful
and
intense
contributions from all the hornbills, habitats
and delegates that were involved. All
submissions were sent out to at least one
referee for review. Some delegates choose
not to submit their presentations as full
papers for the proceedings, but their
abstracts from the original programme are
included, together with details of any other
publications arising from their work that
were available.
All papers and abstracts are available
on the CD-ROM as PDF files. The
contributions are presented in the order that
they appeared on the Conference
Programme, and are paginated accordingly,
so that each contribution can be referenced
and printed as a hard copy, or the whole CD
can be printed in sequence as a complete
hard copy of the Proceedings. The full
contents of the Proceedings will also be
available on the Conference Website at
www.nfi.org.za. Copies of the CD have been
sent to all registered delegates and to
selected publications for review. As
organizers, editors and publishers we claim
no copyright over the Proceedings, so

The theme of the Conference was “The
Active Management of Hornbills and their
Habitats for Conservation”. The structure
and content of the Conference was
organized to facilitate personal interaction
between people with a wide range of
qualifications, experience and skills, but
with a common interest in active hornbill
conservation. It was also arranged so that
delegates could share and enjoy the hornbills
and other animals on the Mabula Private
Game Reserve, with, for some lucky
delegates, separate excursions, both before
and after the Conference, to see other wild
hornbills and animals in the Kruger National
Park and Namibia.
The
Conference
attracted
80
delegates from 18 countries, 14 of the latter
with their own indigenous hornbill species.
The contributions of the delegates ranged
from scientific expertise in the field and
captivity, to practical knowledge of research
and management in the field, and its
application to husbandry in captivity. This
Proceedings attempts to reflect this
diversity, retain scientific principles and
integrity, but also capture the variety of
information, images and ideas that were
presented.
The
three
previous
hornbill
conferences had been held in Asia,
organized by the Thailand Hornbill
Foundation. Since this was the first time that
a hornbill conference had been held on the
African continent, a special effort was made
to assist young African biologists to attend
and present their results.
The
Conference
Programme
addressed a wide range of topics, as can be
seen from the titles in the Table of Contents
that follows. The full titles are given, but
only the name of the delegate that led the
presentation at the Conference is included –
the full list of authors being given with the
abstracts and papers.
Since Mabula has, from 1999, been
the center for the initiation and ongoing
conservation of the Southern Ground
Hornbill in South Africa, a special session
ix

numerous little ways, we would like to make
special mention of the support of Ann
Turner and her staff at the Ground Hornbill
Research and Conservation Project, for the
diverse and complicated arrangements that
they made at Mabula, and to Lucy Kemp
and Ian Little for making almost all of the
varied digital formats that delegates
produced appear on screen as they made
their presentations. We thank you all very
much for your support, hope that you enjoy
this final product of all our efforts, and
believe that the Conference and its
Proceedings will help us all to conserve
hornbills and their habitats.

anyone is free to copy and print the material
as they wish, although, of course, the
authors retain the right to acknowledgement
of and, where necessary, copyright to their
own material.
This Conference and its Proceedings
have occupied a large part of three years of
our lives, but we would not have been able
to accomplish our goals without the
assistance of the worldwide hornbill
community, especially the delegates, the
referees, and all the sponsors that are
exhibited on our special Sponsor’s Page of
the Proceedings. In addition to the listed
sponsors, and many others who helped in

Alan & Meg Kemp
Editors and Organisers
Pretoria
1 July 2007
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The 4th International Hornbill Conference: Opening
Address
Benny BOSHIELO*
Chief Executive Officer, Limpopo Tourism & Parks, P. O. Box 2814, Polokwane, 0700, South
Africa.
It is with great pleasure that we welcome all
delegates to this Conference and to the
African Continent. The three previous
meetings have all been held in Asia, and in
Thailand in particular. To host the
conference in the Limpopo Province makes
it even more special since this is the
province in South Africa with the most
suitable habitat for our different hornbill
species.
Hornbills, of the avian order
Bucerotiformes, occur naturally only in
Africa and Asia. The African names are
slightly more descriptive and are mimicking
the sound the birds make. The yellow-billed
hornbill is referred to as “rukoko”
(Kwangali)
and
“nkoro”
(Tswana).
Hornbills are obvious, colourful and noisy
birds wherever they occur, so it is no
surprise that they are also popular exhibits
in zoos and bird parks around the world.
The international appeal of hornbills is
reflected in the composition of delegates
registered for the Conference with visitors
from North America, Europe, Asia and
Africa.
A pioneering project on the active
management and conservation of ground
hornbills was initiated at Mabula Game
Lodge. Since all of you are hornbill
enthusiasts you should take full advantage
of this and other activities and experiences
that are on offer in South Africa, especially
in the Limpopo Province.
On a more serious note, the number
of hornbills in the wild is declining as a
result of human activities. Habitats are
altered or destroyed; unnatural influences
such as poison and persecution are reducing

their numbers. Many species will not
survive without human intervention and
therefore the theme chosen for this
Conference focuses on “The Active
Management of Hornbills and their Habitats
for Conservation”.
Limpopo Province has more
savanna than any other part of South Africa,
the very habitat that is synonymous in the
minds of tourists with the essence of Africa
and its wonderful wildlife and rural people.
The giant baobab tree is the symbol of
Limpopo Province and botanical flagship
for the savanna biome and the ground
hornbill “Lehututu” (Tswana) is the avian
flagship. Unfortunately, both are declining
and it is our wish that the delegates will be
inspired to make valuable contributions
towards the active management and
conservation of these species.
The initiatives taken to stage this
Conference and to conserve hornbills were
welcomed and supported by the provincial
government and are exactly in line with
national
policies
on
conservation,
sustainable
utilization
and
tourism.
Limpopo Province has more than 40
provincial protected areas, several of which
are inhabited by hornbills. For any
successful conservation effort, the active
involvement of provincial authorities,
conservation agencies and communities is
needed, together with thorough background
knowledge and understanding.
We welcome your participation in
these ventures and wish you thoughtful
deliberations and wonderful experiences in
Limpopo Province and South Africa.

* Author for correspondence: bennyb@golimpopo.com
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How proper management can assist hornbill
conservation: the Thailand experience
Pilai POONSWAD
Department of Microbiology, Faculty of Science, Mahidol University, Rama 6 Rd., Bangkok
10400. Emal: scpps@mahidol.ac.th

Poonswad, P. 2007. How proper management can assist hornbill conservation: the Thailand experience.
In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats For
Conservation, p. 2. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game
Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

Thailand possesses diverse forest habitats, ranging from peat swamp forest and mangrove to
montane forest. Therefore, the country supports 13 species of forest hornbills, and they are
facing various threats. There are two most serious threats that affect the well being of hornbill
populations. Both are genuine human activities, including hunting hornbills for the pet trade
and for food, and forest destruction. Although hornbill hunting is a temporary activity, it may
nonetheless extirpate hornbill sub-populations from one location within a short period.
Meanwhile forest destruction for cultivation, development or land possession causes long-term
and lasting effects on hornbill populations. Hunting is not as impossible to manage compared
with forest destruction. To change hunting attitudes, a number of approaches will be presented.
Besides human-created threats, hornbills are inevitably facing natural threats. Due to
their inability to excavate their own nest cavities, nesting hornbills follow a nest-reuse regimen.
Thus, another important factor, which directly affects nest cavities, arises from natural
processes, including tree bark regeneration and wood decomposition. Bark regeneration causes
closure of nest entrances, while wood decomposition causes nest floor sinking. Clues to the
need for nest cavity monitoring include long-unused nests, occurrence of nesting attempts
without sealing attempts, and the abandonment of regularly used nests. These unsuitable
conditions will result in a shortage of nest cavities, and consequently competition occurs.
Simple modification of cavities to increase the chances of hornbill breeding has been
successfully proven.
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A conservation plan for the Southern Ground Hornbill
Bucorvus leadbeateri in South Africa
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ABSTRACT
Morrison, K., Daly, B., Burden, D, Engelbrecht, D., Jordan, M., Kemp, A., Kemp, M., Potgieter, C., Turner,
A. & Friedmann, Y. 2007. A conservation plan for the Southern Ground Hornbill Bucorvus
leadbeateri in South Africa. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills
and their Habitats for Conservation, pp. 3-12. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
The Southern Ground Hornbill Bucorvus leadbeateri has been classified as ‘Vulnerable’ in South Africa due
to its 50% decline in range and 10% decline in numbers over the past three decades (Barnes 2000). As a
result of this decline, the Endangered Wildlife Trust’s Ground Hornbill Working Group convened a
Population and Habitat Viability Assessment (PHVA) workshop in February 2005, facilitated by the IUCN
(World Conservation Union) Conservation Breeding Specialist Group (CBSG) Southern Africa, with the
aim of identifying the major threats and conservation priorities for the species and its habitat in South
Africa.
Population modelling indicated that the Southern Ground Hornbill population in South Africa
would increasing slowly when human-induced mortalities were excluded. Four mortalities per year,
however, resulted in the population declining. The modelling also emphasised the need for improved data on
the percentage of females breeding and the breeding lifespan of the species.
Southern Ground Hornbill conservation will focus on four themes in future, A) research into the
biology of the species, B) research into the species’ ecological needs, C) quantification, qualification and
mitigation of any threats, and D) stakeholder education and awareness. The five most important
conservation activities, based on prioritisation by individual participant’s at the workshop, included: 1) to
coordinate research on habitat requirements and associated limiting factors, 2) to establish and register a
Southern Ground Hornbill management plan in the context of the National Environmental Management:
Biodiversity Act (2004), 3) to investigate further the impact of natural nest repair and modification, supply
of nest boxes, supplementary feeding, removal of second chick/egg, double-clutching, cross-fostering, group
supplementation, reintroduction of individuals/groups, and group splitting/manipulation, on productivity and
recruitment and 4) to verify currently used sexing and ageing characteristics both in captivity and in the
field.
With a Southern Ground Hornbill conservation action plan in place for South Africa, and with clear
priorities identified, the future approach to the conservation of these birds will be better coordinated and
more focussed to address the key issues that will contribute to and secure their future.
*Author for correspondence: kerryn@ewt.org.za
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INTRODUCTION
There has been considerable concern
surrounding decline in distribution of the
Southern Ground Hornbill Bucorvus
leadbeateri (SGH) in South Africa over the
last century (Skead 1967; Snow 1978; Cyrus
& Robson 1980; Kemp 1980; Vernon &
Herremans 1997). This species has been lost
from the North West and Gauteng Provinces,
and reduced in the Eastern Cape and
Limpopo Provinces (Vernon 1986; Craig &
Hummel 1994). This reduction in range can
be attributed largely to habitat loss, as a
result of agriculture and development,
habitat transformation such as bush
encroachment (Macdonald & Birkenstock
1980; Vernon 1986; Kemp 1987), and
removal of large potential nest trees (A. C.
Kemp pers. comm.). Other threats to SGHs
include poisoning (Kemp 2000), utilisation
for cultural reasons (Roberts 1924; Holt
1928; Hockley 1966; Vernon 1984; Derwent
& Mander 1997) and persecution as a result
of the birds breaking windows (Vernon
1982, Forsberg 1994).
The SGH requires a mosaic of habitat
types to satisfy its foraging and nesting
requirements (Vernon 1986), its breeding
cavities are limiting and its slow breeding
and long lifespan makes it susceptible to
population decline (Kemp & Kemp 1974;
Kemp 2000). SGHs are considered to be
among the slowest breeding, longest lived
and most vulnerable terrestrial birds in the
world (Kemp 1995). SGHs are heavily
dependent on the protected areas in which
they are commonly found (Kemp 2000).
However, even if at carrying capacity in

these areas, the large spatial requirements of
SGHs still results in a relatively modest
population size. The approximately 50%
decline in range, a population size in South
Africa estimated at less than 2000 individuals,
and the population having decreased by more
than 10% in the last three generations, has
resulted in the SGH being classified as
“Vulnerable” in South Africa (Barnes 2000).
Further habitat transformation and degradation
will lead to an accelerated decline of SGHs,
ultimately leaving the majority of breeding
cavities for these birds in protected areas, with
cliff cavities available for breeding in
agricultural and rural areas of at least
KwaZulu-Natal (Knight 1990).
In recent years, activities related to the
conservation of the SGH have increased, and a
programme was established to collect second
chicks from the Kruger National Park for
rearing and release into areas where they had
become regionally extinct. Education and
awareness, the use of artificial nest boxes,
research into breeding habits and general
monitoring of the birds by a number of
organisations has also been conducted. As the
number of projects and the number of
individuals and organisations involved with
SGH conservation increased, so too did the
need for a set of priorities and a coordinated
approach to their conservation. A Population
and Habitat Viability Assessment (PHVA)
workshop, facilitated by the IUCN (World
Conservation Union) Conservation Breeding
Specialist Group (CBSG) Southern Africa,
was held to identify the conservation priorities
for the species and its habitat.

METHODS
Reintroduction Specialist Group, commercial
forestry, captive facilities and traditional
healers. All of the participants were either
actively involved in SGH conservation or
could assist with some aspect of their
conservation.
The morning of the first day covered
presentations on the current status of research,

A PHVA workshop was held during 8-11
February 2005 at the Southern African
Wildlife College, near Hoedspruit, South
Africa. There were 35 participants at the
workshop, representing national parks,
provincial nature conservation departments,
private game reserves, academic institutions,
non-government organisations, the IUCN
4

Working groups then spent the next
three days systematically tackling issues
specific to their group, drafting a situation
overview, compiling problem statements,
developing and prioritising solutions and
goals, and working out detailed action plans
and steps that would result in achieving the
goals identified. Intermittent plenary sessions
enabled working groups to present the results
of their discussions and obtain the input of all
participants. On the final day, a group
integration exercise was performed and
common themes across the solutions and goals
of all the groups were identified. The whole
group convened and contributed the five most
important goals of their respective working
groups to a list that each person then
rearranged into an individual order of priority.
These were then combined and a prioritised
list of solutions was obtained.

monitoring, harvesting, reintroduction and
its results, and current work in the
Associated Private Nature Reserves.
Thereafter, the PHVA workshop process
began, a series of plenary and working group
sessions in which groups tackled tasks
designed to facilitate free thinking, brainstorming, discussion, debate, issue-tackling
and, finally, consensus building and project
development. After an initial plenary brainstorming session, the key issues facing the
survival of the SGH in South Africa were
listed, which led to the establishment of five
Working Groups on 1) Biology, 2) Ecology,
3) Education, Awareness and Legislation, 4)
Threats and 5) Population Dynamics and
Modelling. All
groups dealt with
overarching themes that included conflict
and poor communication between various
conservation groups, financial constraints,
lack of coordination of activities and data,
and a poor knowledge base.

The PHVA
A population and habitat viability assessment was carried out using the computer model Vortex
9.51, following the principles outlined in Miller & Lacy (2003), and applying the following
input variables to the model:
Number of iterations:

500.

Number of years:

250.

Extinction definition:

Only one sex remains.

Number of populations:

1.

Inbreeding depression:

Vortex default 3.14.

Concordance between environmental
variation in reproduction and survival: Yes.
Number of catastrophes:

1 drought year every 25 years, with a decline of 50%
in reproduction that year and a 90% survival rate
(Kemp & Kemp 1991).

Mating system:

Long-term monogamous mating.

Age of first offspring for females:

11 years (Kemp 1987, including a factor for
cooperative breeding). According to Kemp (1987) the
age of first reproduction could be as young as 5 years
old, but was more likely to around the age of 10 years.
The workshop participants agreed that the average age
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of first reproduction should be taken as 6 years for
first reproduction plus 5 years (9 years divided by 2
and rounded up), based on Kemp’s (1988) finding that
SGH groups fledge on average 1 juvenile every 9
years. This figure of 9 years was divided by 2 as
Kemp (1988) included groups that had not bred for 20
years in his calculation and the participants felt that
this was a bit high).
Age of first offspring for males:

13 years (Kemp 1987, including a factor for
cooperative breeding). This figure was taken as an
estimate from the workshop participants, being 8 years
(minimum age of first reproduction (Kemp 1987) plus
5 years (9 divided by 2 and rounded up to 5), for the
same reason as noted above).

Sex ratio at hatching (percent males):

50.

Maximum age of reproduction:

50 years (Kemp 1995).

Maximum number of progeny per year: 3 eggs (Kemp & Begg 1996).
Distribution of clutch size:

Of those females producing progeny: 19.5% of
females produce 1 progeny, 80% females produce 2
progeny, and 0.5% produce 3 progeny in an average
year (Kemp & Begg 1996).

Percent adult females breeding:

53% (Kemp & Kemp 1991).

Mortality:

See Tables 1 & 2 (based on Kemp 1988). Age 0 was
taken as hatching.

Initial Population Size (N):

1,500 (Kemp 2000).

Carrying capacity (K):

3,000 (agreed upon by the workshop participants).

Table 1. Mortality of females within each age class.
Age class
0–1
1–2
2–3
3–4
4–5
5–6
6 – 50 1
1

Mean annual
mortality
68%
30%
20%
10%
10%
30%
2%

Environmental
variation
5%
5%
5%
5%
5%
5%
1%

This represents the mortality and its variation per year within each yearly age class.
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Table 2. Mortality of males within each age class.
Age class
0–1
1–2
2–3
3–4
4–5
5–6
6 – 50 1
1

Mean annual
mortality
68%
30%
20%
10%
5%
5%
2%

Environmental
variation
5%
5%
5%
5%
1%
1%
1%

This represents the mortality and its variation per year within each yearly age class

RESULTS
The problem statements, solutions, actions
and steps to be taken from each of the
Biological, Ecological, Education and
Awareness, and Threats Working Groups
were outlined in full in the final PHVA
workshop report (Morrison et al. 2005).
Within each Working Group, the problem
statements were prioritised and noted as such
in the tables. Then, within each problem
statement, the solutions developed to address
each problem were also prioritised and noted
in order within the tables.
The following 23 goals emerged from
the group integration exercise, which took
the top five priority solutions from each of
the Working Groups, and then selection of
individual priorities.

reintroduction of individuals/groups and
group
splitting/manipulation
on
productivity and recruitment.
4. To verify currently used sexing and ageing
characteristics,
colouration
and
morphology, both in captivity and in the
field, and consider changes in these
characteristics with age to help determine
the current age structure of the population.
5. To expand education and awareness
campaigns that will encourage tolerance
and a working relationship with
landowners and the general public.
6. To research spatial and temporal home
range use, carried out across contiguous
groups representing the various land use
types across which the species occurs.
7. To research historical nest areas and the
present distribution of SGHs, so as to
determine the viability of putting up
artificial nest boxes at new sites or to
replace known destroyed nests.
8. To involve more stakeholders in gathering
information, including training farm
owners/labourers where SGHs occur to
assist in gathering reliable data.
9. To establish what constitutes territory
quality.
10. To investigate and perfect techniques for
trapping and marking SGHs.
11. To initiate a population genetic study to
understand current and historical gene
flow in South Africa.

1. To co-ordinate research on habitat
requirements and associated limiting
factors with regards to choice of nest
sites, availability of foraging areas, and
effect of rainfall quantity and distribution
on habitat and availability of prey
species.
2. To establish and register a SGH
management plan in the context of the
Biodiversity Act as a means to challenge
and oppose changes in land use.
3. To investigate further the impact of
natural nest repair and modification, nest
boxes, supplementary feeding, second
chick/egg removal, double-clutching,
cross-fostering, group supplementation,
7

18. To expand current information
dissemination.
19. To recognize good land-use practices
through a custodianship programme.
20. To integrate a SGH/Savanna Education
Project into school curricula.
21. To use SGH distribution information as a
guide in identifying target schools and
communities.
22. To design a protocol that will monitor
awareness programmes and projects.
23. To produce a “Song-and-Dance” about the
disappearance of the savanna biome.

12. To augment an education and awareness
campaign that promotes the responsible
use of poisons.
13. To collate existing and future research on
the effect of elephant damage and other
negative impacts on nesting sites and, in
addition, to implement measures that
conserve known existing nest sites.
14. To have SGHs registered with
appropriate local authorities as a species
requiring special management protection.
15. To develop a protocol for the captive
management and trade of SGHs.
16. To create a mortality database.
17. To promote alternatives to poisons or the
use of environmentally friendly poisons.

POPULATION VIABILITY ANALYSIS USING VORTEX
The baseline model, using the input
subadults or juveniles, the population will start
variables for the current estimated situation
to decline (Fig. 1).
for SGHs in South Africa and excluding any
Sensitivity testing showed that the
human-induced mortalities, indicates that the
population will decline if the percentage of
population is slowly increasing (Fig. 1).
adult breeding females declines by 10% (Fig.
However, with a loss of even four
2), or if the breeding lifespan is decreased by
individuals per annum, whether adults,
even 10% for the age at first breeding (Fig. 3).

Figure 1. The impact of annual mortality on the population as compared with the baseline model
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Figure 2. A comparison of the baseline model against a 10% increase and 10% decrease in the
proportion of adult females that breed.

Figure 3. A comparison of the baseline model against a 10% increase and 10% decrease in the
age of first breeding.

DISCUSSION
The PHVA process highlighted the lack of
available data on SGH biology and
ecological needs, of causes of decline in the
species, and of coordination between various
conservation groups due to disagreement as

to where priorities lay for managing the
species. Although some participants felt that a
re-evaluation of all current research and field
projects should be undertaken, others felt that
existing projects should go ahead unhindered
9

The proportion of females breeding is
strongly linked to the number of suitable
nesting sites available, and has a strong
influence on the population dynamics of the
species. Similarly, with a high availability of
nesting sites, age at first breeding may well
decrease. It has been suggested that nesting
sites are a limiting factor for SGHs, but the
loss and recruitment of nest sites, both within
protected areas and outside, are unknown. In
addition, although it is understood that habitat
loss is occurring outside of protected areas,
qualitative and quantitative data for the effects
on SGHs are poorly understood. To ensure the
future of the SGH in South Africa, it is
important that a sustainable number of suitable
nest sites be secured.
Little is known about the average age
at first breeding and the longevity of the
species, yet these two variables play a
significant role in the population dynamics of
the species as they determine the breeding
lifespan of individuals and hence their
productivity. A better understanding of this is
important when modelling population trends
for the species.
With a species that has experienced
high mortality over the last three generations,
and where mortality is more likely to have
been profound in the younger generation, it
would be likely that the age structure of this
population would be skewed towards the older
cohorts. If this is the case there could be
detrimental implications in the near future.
This would be aggravated because in many
cooperatively breeding birds older individuals
will not get the opportunity to breed for the
majority of their adult lives.

as all contributed to a common goal.
Agreement was finally reached that all
current projects would continue, but that
expansion and establishment of new
initiatives would only be done in accordance
with
scientific
fact.
Increased
communication, coordination of activities
and dissemination of information were
strongly supported by all participants. All
participants accepted the prioritised solutions
and activities within each Working Group,
and the results of the group integration. This
provided the opportunity for closer
collaboration and a more focussed approach
to SGH conservation in South Africa.
The population modelling indicated
that the South African SGH population was
slowly increasing when human-induced
mortality factors were not included.
However, several of the variables used in the
baseline model could change this scenario
significantly if they were found to be
different or changed over time. It would
therefore be important to remodel the
situation as new information arises and as
the situation with the SGH becomes better
understood. It needs to be remembered that
the data used in the modelling were based on
information obtained from the Kruger
National Park, a protected area.
Of particular concern was that the
population could start declining with the loss
of just any four individuals a year. Although
the causes of mortality are known, they are
poorly understood and the extent of each is
unknown. It is therefore imperative that the
threats are better understood both
quantitatively and qualitatively, and that
mitigation measures are put in place to
resolve or at least minimise the threats.

CONCLUSION
The PHVA process allowed all individuals
involved with or interested in SGH
conservation
to
participate in
the
development of a conservation plan for the
species. For this reason, the prioritised action
plan that resulted from the workshop should
be accepted by all who participated, and this
should result in a more coordinated and

focussed approach to addressing key issues
that will secure the future for SGHs and their
habitat.
SGH conservation will focus on four
themes in the future: 1) research into the
biology of the species; 2) research into the
species’ ecological needs; 3) quantification,
qualification and mitigation of threats; and 4)
10

nest boxes, supplementary feeding,
second chick/egg removal, doubleclutching,
cross-fostering,
group
supplementation, reintroduction of
individuals/groups
and
group
splitting/manipulation on productivity
and recruitment.
D. To verify currently used sexing and
ageing characteristics (colouration and
morphology), both in captivity and in
the field, and to consider changes in
these characteristics with age.
E. To expand education and awareness
campaigns that will encourage
tolerance from and a working
relationship with landowners and the
general public.

stakeholder education and awareness. The
five most important solutions, in order of
priority across all Working Groups were:
A. To coordinated research on habitat
requirements and associated limiting
factors with regards to choice of nest
sites, availability of foraging areas,
and effect of rainfall quantity and
distribution
on
habitat
and
availability of prey species.
B. To establishment and register a SGH
management plan in the context of
the
National
Environmental
Management: Biodiversity Act
(2004), as a challenge and
opposition to changes in land-use
that will negatively affect the SGH.
C. To investigate further the impact of
natural nest repair and modification,
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ABSTRACT
Oliver, W. L. R. & Wilkinson, R. 2007. Philippine Hornbills Conservation Programme. In: Kemp, A. C.
& Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats for Conservation, pp. 1330. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, BelaBela, South Africa. Naturalists & Nomads, Pretoria.
The Philippine Hornbills Conservation Programme was conceived and initiated in 1994 with a wideranging field status survey of the most threatened hornbill species and subspecies. Since then the
programme has been expanded to include a diverse suite of follow-up and complementary activities.
These include an extremely successful protection and wardening scheme in the Polillo Islands, which
has enabled a marked increase in the numbers of Polillo Tarictic Hornbill Penelopides manillae
subnigra, facilitated various education, awareness and personnel training campaigns and projects, and is
now focused on creation of a network of new protected areas (municipal reserves) in key habitats
throughout the Polillo Group. Assistance has also been provided in the development of several other
protected areas in the West Visayas and the establishment of conservation breeding programmes for the
Visayan Writhe-billed Aceros waldeni and Visayan Tarictic Hornbill P. panini. These centres now also
run important regional education and awareness programmes, are increasingly important as foci of
related, regional biodiversity conservation activities, including forest protection, community assistance
and personnel training. Nonetheless, all Philippine hornbill taxa are threatened to varying extents, some
critically. Increased and focused conservation efforts will be required to ensure their survival and that of
a vast array of other Philippine endemic wildlife.
*Author for correspondence: wloliver@aol.com

INTRODUCTION
The Philippines supports an unusually
large number of hornbill taxa, all of which
are endemic, though numbers of
recognised species vary with taxonomic
arrangement. Thus, only five species were
recognised by Dickinson et al. (1991) and
six by Kennedy et al. (2000), whereas nine
or possibly ten species were recognised by
Kemp (1995). BirdLife International (and
therefore IUCN) currently recognizes nine
species, but fails to take sub-specific
variation into account, which is regrettable
given the likely genetic isolation and
considerable
inter-island
population
differences in many forms. Nonetheless,

nine species of endemic hornbills is still a
higher number of endemic taxa than in any
other country in the world.
Unfortunately however, this diversity
is also reflected in the numbers of threatened
taxa. Both BirdLife-Haribon (Collar et al.
1999) and IUCN (2004) list no less than
seven species as being threatened, including
two ‘Endangered’ and two ‘Critically
Endangered’ (Table 1). Consequently, the
Philippines is also distinguished by having
more threatened hornbills than any other
country, as well as two of the world’s most
endangered hornbills, namely the Visayan
Writhe-billed Hornbill Aceros waldeni and
13

the inadequacy of the protected areas system
and other protective measures. Despite the
fact that the Philippine Government has
enacted an impressive suite of environmental
protection legislation, this is clearly
ineffectively enforced. Hunting pressure for
the live bird trade and domestic consumption
for pulutan (finger food) is still rife in many
areas and greatly exacerbates these
problems. Ethnic tribal groups in the
northern Philippines also use the skulls of
the largest hornbill species, B. hydrocorax,
in making ceremonial headdresses, locally
referred to yang-ngoh (Plates 1-2).
Traditionally, only the highest-ranking male
members of these societies wear these on
important occasions, although it remains
unclear whether such adornments are byproducts of hunting for food or whether
birds are selectively hunted for these
purposes.

the Sulu Hornbill Anthracoceros montani.
However, even these figures understate the
severity of the conservation threats to these
birds, given that many of the country’s
endemic hornbill subspecies are also
threatened to varying degrees. Indeed, the
Philippines is also the first country in the
world to record the extinction of a hornbill
taxon, namely the Ticao Island race of the
Visayan Tarictic Hornbill Penelopides
panini ticaensis – formerly the largest of
all tarictic hornbills. Other distinctive
island races of tarictic hornbills and of the
Rufous Hornbill Buceros hydrocorax that
are excluded by taxonomic treatment from
the IUCN assessment are or may also be
threatened and should not be excluded
from conservation action plans.
Like so much of the country's
endemic wildlife, hornbills are threatened
mainly through habitat loss, combined with

Table 1. Current conservation status of Philippine hornbills
Species
Mindanao Writhe-billed
Hornbill
Aceros leucocephalus
Visayan Writhe-billed
Hornbill
Aceros waldeni
Palawan Hornbill
Anthracoceros marchei
Sulu Hornbill
Anthracoceros montani
Rufous Hornbill
Buceros hydrocorax

IUCN
2004*

Threatened and declining throughout most of its restricted range on Mindanao,
Dinagat and Camiguin Sur.
nt
Extinct on Guimaras, close to extinction on Negros and critically endangered on
Panay.
CR
VU
CR
nt

Mindanao Tarictic Hornbill
Penelopides affinis

EN

Luzon Tarictic Hornbill
Penelopides manillae

nt

Mindoro Tarictic Hornbill
Penelopides mindorensis
Visayan Tarictic Hornbill
Penelopides panini

Comments

EN
EN

Confined to Palawan and offshore islands, including Balabac and the Calamian
Group, where still relatively widely, but patchily, distributed and declining.
Known only from Jolo and Tawi-Tawi and offshore islets, where critically
endangered and declining. Recently found on Sanga-sanga.
Critically endangered in S. Luzon, Bohol and Basilan, declining throughout the
remainder of its range in northern Luzon, Samar, Leyte and Mindanao. Three races
currently recognised of which semigaleatus and mindanensis may be better treated
as two subspecies of a further species leaving hydrocorax as a monotypic species.
Nominate race declining over majority of known range in Mindanao and Dinagat;
whereas the Basilan endemic race (basilanicus) presumed endangered though no
recent data available owing to continued civil unrest. The Samar tarictic
(samarensis),sometimes treated as a full species, is endangered on Bohol and
declining throughout remainder of its restricted range on Samar and Leyte.
Nominate race declining, but not yet seriously threatened throughout its range
(except on Marinduque, where critically endangered); whereas Polillo Islands
endemic race (subnigra) is endangered, but possibly increasing in numbers
following local protection efforts (see main text).
Known only from Mindoro and Ilin Island, where it is seriously threatened and
declining throughout this (now) highly restricted and fragmented range
Nominate race (panini) is extinct on Guimaras, extinct or functionally extinct on
Masbate, and endangered on Panay and Negros; a second race (ticaensis) known
only from Ticao, off Masbate, is extinct.

* CR = Critically Endangered, E=Endangered, VU = Vulnerable, nt = near-threatened (IUCN
2004)
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Plates 1 & 2. Skulls of the rapidly declining Greater Luzon Rufous Hornbill Buceros h.
hydrocorax (left) are traditionally used in the ceremonial headdresses of the Ifugao and
other indigenous tribal peoples of northern Luzon (right).
Unfortunately, the habits of hornbills
make them particularly susceptible to
hunters. They are not only noisy, even
when flying, but their nesting habits
facilitate poaching of nesting females and
chicks. This is particularly destructive as it
involves not only removal of breeding
females from the population but may also
involve the felling of nesting trees, thereby
reducing potential nesting sites and
exacerbating competition for fewer nesting
holes. As if this wasn’t bad enough,
hornbills not only aggregate in fruiting
trees but also tend to cluster around injured
flock members. They are thus easily lured

into shooting range, by mimicking their
distress calls, and hunters can take large
numbers of individuals by these means. One
such incident in the mid-1990’s reputedly
resulted in a single hunter killing at least 20
A. waldeni, or about 40% of the total
population of this species as estimated by the
Philippine Endemic Species Conservation
Project (PESCP) at that time (Y. de Soye,
pers. comm.). Although the underlying
issues still obtain, this population estimate
fortunately proved erroneous as in 2004 a
total of 115 active nests were reported in
their project area on Panay by the PESCP
(Curio 2005).

PHILIPPINE HORNBILLS CONSERVATION PROGRAMME
The Philippine Hornbills Conservation
Programme (PHCP) was initiated in 1994.
It had already enacted a wide range of
activities prior to its formal recognition by
the Department of Environment and
Natural Resources (DENR) of the
Government of the Philippines in July
2002, with the signing of a new five-year
Memorandum of Agreement (MOA) with
Vogelpark Avifauna (Netherlands) and the
North of England Zoological Society
(NEZS, Chester Zoo, England). This MOA
formalized and assisted the continued
development of this programme through
the provision of both technical and
financial assistance from international

partner agencies, whilst also recognizing the
crucial involvement and assistance of diverse
local partner agencies (non-government
organizations
(NGOs),
government
organizations (GOs) and academia) in the
implementation of all mutually-agreed
conservation-related activities, including
field research, habitat protection and
restoration, conservation breeding, education
and personnel training.
The specific objectives of this
Programme, as stated in the MOA, can be
summarized as follows:
1) To facilitate studies on the distribution
and status of Philippine hornbills,
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2)

3)

4)

5)

6)

To assist in the development of
existing
or
new
biodiversity
conservation centres and regional
biodiversity programs,
To assist in the development of
properly
structured
conservation
rescue and breeding programs for
Visayan Writhe-billed and Visayan
Tarictic Hornbills, initially on Panay
and Negros,
To promote and facilitate training for
Filipino scientists and other personnel
in relevant conservation management
practices,
To promote public awareness on the
conservation needs of Philippine
hornbills and other wildlife, and
To promote protection of critical
habitats in the West Visayas, Mindoro
and Southern Luzon regions, including
Polillo Island, through the provision of
technical or financial assistance to
local NGOs, GOs and other sectors.

(Gonzalez 1997; Gonzalez et al. 1999).
More data were gathered in 2000 for the
Luzon Tarictic P. m. manillae and Rufous
Hornbills Buceros h. hydrocorax during the
course of a wide-ranging faunal survey of
southern Luzon and the associated islands of
Marinduque, Burias, Catanduanes and Albay
(Dans et al. 2000).
Other priorities identified during the
1994/95 survey have also been followed up.
These include recent, island-wide ethnobiological surveys on Panay (Pedregosa
2005) and Negros (Carino et al. 2005)
Islands, which yielded important new data
on the distribution, status and threats to both
Visayan Writhe-billed and Visayan Tarictic
Hornbills, and an island-wide survey of the
distribution and status of the Mindoro
Tarictic Hornbill P. mindorensis (Gonzalez
et al. 2000; Plate 3). The latter project was
conducted as part of the Mindoro
Biodiversity Conservation Programme,
which also involved creation of a computer
database on this and other Mindoron
wildlife, a website, production and
distribution of a biodiversity handbook, and
diverse other education materials, teacher
training courses and teaching briefs (Oliver
2002).
Similar follow-up surveys of the
critically endangered Sulu Hornbill were
conducted on Tawi-tawi in 1997, 1998 and
1999, the latter survey resulting in >30 A.
montani being observed and the first ever
photographs of wild birds taken in the steep
forested hills south of Mt. Sibangka (Allen
1998a,b; 1999; Plate 4). The population in
this area at that time was estimated to be
several times the number of individuals
observed (D. Allen pers. comm). More
detailed surveys and local conservation
education projects are clearly needed in this
area, perhaps as a matter of some urgency,
although local security issues have hindered
efforts to develop these projects. This same
situation obtains to an even greater extent on
the neighbouring islands of Basilan, off the
most westernmost tip of Mindanao, and Jolo,
the easternmost extension of the Sulu
Archipelago. These islands are of particular
interest as Basilan supports (or formerly
supported?) not only an isolated population

For its part, the DENR agreed to
provide technical and administrative
assistance to the programme, and to
support the establishment of international
conservation breeding programmes by the
loan of up to eight pairs of Visayan
Tarictic and Visayan Writhe-billed
Hornbills. It was agreed these must
originate from the existing captive
population in DENR-established or
accredited facilities in the Philippines. In
other words, an international programme
for conservation breeding and related
research would also be developed under
the auspices of the PHCP.
The PHCP now comprises a suite of
inter-related projects focused on and
around some of the most threatened taxa
and the implementation of recommendations arising from a wide-ranging, if
preliminary, status survey that was
conducted by biologists from the
University of the Philippines at Los Banos
(UPLB) in 1994-95 (Diesmos & Pedregosa
1995). Follow-up surveys involving data
collection on the Polillo Tarictic Hornbill
P. manillae subnigra were conducted on
the Polillo Islands in 1995 and 1996
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Plates 3 & 4. First photographs of wild Mindoro Tarictic Hornbill Penelopides mindorensis
(left, J. C. T. Gonzalez 1998) and Sulu Hornbill Anthacoceros montani (right, Desmond Allen
1999).
Conservation (CenTrop, Silliman University,
in Dumaguete City, Negros Oriental), the
Negros Forests and Ecological Foundation’s
Biodiversity Conservation Center (NFEFIBCC, Bacolod City, Negros Occidental) and
Mari-it Conservation Park (West Visayas
State University, Lambunao, Iloilo Province,
Panay), and in teachers' training courses and
teaching briefs organized and produced by
other local partner agencies in Luzon,
Masbate and Mindoro. These awareness
activities have also included the production
and distribution of approximately 6,000
copies of two separate posters. The first,
issued in 1995 with funding assistance from
Vogelpark Avifauna, featured the three most
threatened species (A. waldeni, P. panini and
A. montani) and the second, issued in 2002
with funding assistance from NEZS,
depicted all nine species and six subspecies
of currently recognised hornbill taxa (Plate
5). The text for each of these posters was
produced in several language versions, for
distribution in key areas via the relevant
local government agencies and NGO
networks.
The Polillo Tarictic Hornbill has also
been adopted as the insignia of the Polillo
Biodiversity Conservation Foundation Inc.
(PIBCFI), the Polillo Ecology Stewardship

of Mindanao Rufous Hornbill B. h.
mindanensis, but also a single-island
endemic subspecies of Mindanao Tarictic
Hornbill P. affinis basilanicus, while Jolo
supports the easternmost population of A.
montani.Unfortunately, recent data on the
status of hornbills and other wildlife in
these areas is lacking, mostly owing to
local insurgency problems that preclude
any systematic surveys. However, data
obtained during the course of two ethnobiological surveys on Jolo in 2001 and
2002, and an avifaunal survey conducted
on the offshore island of Capual in 2003,
by Carmela Española (2002, pers. comm.),
concluded that the Sulu Hornbill had been
extirpated on Capual and most of its
former range on Sulu, but still survive in
small numbers on Mt. Talipao in centralsouth Sulu.
Hornbills are also of particular
interest and importance in local education
and awareness campaigns. Although
kalaws (hornbills) are familiar to most
local people, few know anything of the
natural history or extraordinary diversity of
these birds. Nonetheless, hornbills have
been featured prominently in education and
awareness campaigns developed by the
Center
for
Studies
in
Tropical
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repeated every year, except 2003 when the
hornbill costumes were withheld from use by
an out-going mayoress. New costumes were
produced in time for the 2004 fiesta (Plate
7), and a kite-making competition and other
activities added in 2005, again with
sponsorship
assistance
from
NEZS.

Project (PESP) and as the symbol of the
Municipality of Polillo, the latter erecting a
prominent statue of this hornbill above
Polillo Town’s welcome (or mabuhay)
archway (Plate 6). Tarictic hornbill posters,
banners and costumes were produced and
displayed in the first ‘Tarictic Festival’ in
March 1999, an event that has since been

Plate 5. The second hornbills conservation poster in the ‘Only in the Philippines…’ series
depicted all nine species and six subspecies of currently recognised taxa.
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an environmental handbook and other
teaching briefs, and three new posters (one
in 2003, two in 2005) featuring the hornbill
and other threatened and endemic species.

Related awareness activities in 2002 also
included a 5-day teachers training course on
environmental education attended by over
50 teachers and other participants from each
of the five municipalities, the production of

Plates 6 & 7. Polillo Tarictic Hornbill statue adorning the traditional Mabuhay (Welcome)
Arch that greets all visitors to Polillo (left), and Polillo forest wardens parading in the hornbill
costume at the annual Polillo Tarictic Festival (right).
The PIBCFI was formally
registered in December 2003 with the
Security & Exchange Commission (SEC).
It was created to facilitate the
development of the Polillo Islands
Biodiversity Conservation Programme
(PIBCP) and to coordinate and manage
these and other conservation related
activities in the Polillo Islands. The
Polillo Islands group is a conservation
‘hotspot’, comprising both an Important
Bird Area (IBA) and the most distinct
sub-centre of endemism within the
Lowland Luzon Endemic Bird Area
(EBA), which ranked sixth in BirdLife
International’s listing of the world’s most
critical EBAs (ICPB 1992). The
protection of the Polillo Tarictic Hornbill
is also being actively promoted under the
auspices of the PIBCP and the Polillo
Ecology Stewardship Project (PESP),
with a local forest wardening scheme
initiated in 1997.
This project, which is supported
almost entirely by the NEZS, currently

involves the full-time employment of a
Chief ‘Eco-warden’, Vicente ‘Enteng’
Yngente, and eight part-time wardens
deployed in seven selected priority areas on
Polillo Island and one on Patnanungan
Island. These wardens patrol and monitor a
range of important habitats and species,
including conducting annual counts on the
number of Polillo Tarictic Hornbills seen in
each area, the pre-breeding dispersion of
these birds, and mapping and monitoring of
active nest sites. Related activities have also
included a successful campaign to block
illegal mining activities in the most
important remaining c. 167 ha tract of old
growth forest in the Sibulan Watershed
(Plate 8), which also constitutes one of the
island’s most important hornbill nesting
areas, greatly reducing illegal logging at all
monitored sites, and all but eliminating a
formerly extensive local trade in live birds
and other animals destined for pet markets
in Manila and elsewhere (Plate 9 & 10).
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Plate 8. Sibulan Watershed Reserve (c. 167 ha) is the last remaining fragment of old growth
forest in the Polillo Islands and a main stronghold for the severely threatened endemic Polillo
Tarictic Hornbill.

Plates 9 & 10. With the active support of relevant local governmental authorities, the NEZSsponsored wardening scheme, managed by the PIBCFI, has all but eliminated the formerly
extensive trade in tarictic hornbills and other threatened wildlife from Polillo to live-animal
markets in Manila. Both the nestling (left), which was subsequently hand-raised, and adult male
(right), shown with senior forest warden, Vicente Yngente, were confiscated and released under
the auspices of this project.
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poached from wild nests, and either rescued
or confiscated by local authorities from
local village markets and live animal
dealers (Plates 11-13). On 31 July 2005,
this stock comprised 37 (15 male, 22
female) Visayan Tarictic and 20 (12 male, 9
female, 3 unsexed) Visayan Writhe-billed
Hornbills. Of these, 16 (6 male, 10 female)
Visayan Tarictic and three Visayan Writhebilled Hornbills were captive-bred, the latter
being bred successfully in captivity for the
first time ever at Mari-it in 2005 (Plates 1416).

Conservation-breeding and related
field and captive research, focused on the
two West Visayan taxa A. waldeni and P. p.
panini, has also constituted a key longerterm component of the PHCP. These
activities were initiated in 1994 with
distribution-wide status surveys of both
species, and the accession or ‘rescue’ of two
A. waldeni, both juvenile females by Mari-it
Conservation Park on Panay Island. These,
and all other hornbills of both Visayan
species now at Mari-it, are of Panay origin,
the majority received as unfledged young,

Plates 11-13. The conservation-breeding projects at Mari-it and NFEFI-BCC are based on a
founder breeding stock of previously illegally-held individuals, confiscated by the authorities or
donated by private ‘owners’. The majority was poached as nestlings (presumably with the loss
of the breeding females) for sale in local markets, whether as pulutan (finger-food) or pets (A.
waldeni (left), P. p. panini (centre), both species (right)). The latter individuals were ‘donated’
by a local mayor, who had apparently purchased these birds in the hope of exchanging them for
one or more Visayan Warty Pigs Sus cebifrons, another critically endangered species also being
bred at Mari-it, with a view to start a local ‘wild pork’ farming enterprise!
Endangered Species’ for four different
curators/veterinarians, and the ‘Island
Species-Led Action’ for two different field
biologists, at the Durrell Wildlife
Conservation Trust (DWCT, formerly
Jersey Wildlife Preservation Trust, Channel
Islands, United Kingdom), and several
individual work experience and training
visits for various curators, caretakers and
educators to leading zoos and specialist bird
gardens in the United Kingdom, Germany,
Australia and the United States of America.
Diverse training, technical advice and
practical guidance has also been provided
by a large number of visiting field
biologists,
wildlife
managers
and
professional animal caretakers from Europe,
Australia and the United States of America,

A similar project for P. p. panini of
Negros origin, initiated at the NFEFI-BCC
in 1997, resulted in the first captive nesting
of this species in 1998 and the first
successful rearing in 1999. The latter
success also apparently constituted the first
ever captive breeding and rearing of this
species. On 31 July 2005, this population
comprised 21 (16 male, 5 female)
individuals, of which 11 (10 male, 1
female) were captive-bred (Plate 17).
Filipino curatorial and veterinary
staff members from NFEFI and Mar-it, and
other academic staff working on PHCP
projects, have benefited from training in the
Philippines and overseas. This has included
full-scholarship
training
in
the
‘Conservation
and
Management
of
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Plates 14-16. First captive-bred A. waldeni with parents, shortly after fledging on 2 May 2005
(top left); fledged chicks of second A. waldeni pair, subsequently sexed as male and female
despite their initial ‘male’ plumage colour (bottom left); and five of seven P. p. panini fledged
from four pairs at Mari-it in 2005 (right). All stock of both species was of Panay Island origin.

Plate 17. A similar project for P. p. panini of Negros origin, initiated in 1997 at the NFEFIBCC, also resulted in the first captive-breeding of this species in 1999.
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University, Iloilo City, Panay, and included
presentations from Filipino conservationists
and scientists concerned about the future
survival prospects of these birds (Plate 18).
The primary objectives of this workshop,
which also involved senior representatives
from relevant international partner agencies,
were simply to bring the people most
actively involved in hornbill research
conservation together for the first time, both
to their share their experiences and enhance
future collaboration where practical.

who have kindly volunteered their
assistance during extended working visits at
these breeding centres and various field
project sites. Scientists involved in both the
field and captive programmes have been
encouraged and supported to participate in
national and international conservation
meetings, especially the annual meetings of
the Wildlife Conservation Society of the
Philippines. A one-day workshop on the
conservation of endangered Philippine
hornbills, sponsored by NEZS, was held in
October 2002 at the West Visayas State

Plate 18. The first workshop on the conservation of endangered Philippine hornbills
was held in October 2002 at the West Visayas State University, Iloilo City, Panay.

DISCUSSION AND CONCLUSIONS
Some ten years after its inception and three
years into the five-year period of the MOA
with the DENR, this is a good time to
reflect on the progress of the Philippine
Hornbills Conservation Programme. With
respect to the stated objectives of the
PHCP, much has already been done,
especially in terms of promoting and
enabling useful and applied research,
public awareness and personnel training, in
developing local conservation breeding
efforts, and in assisting the development of
integrated
regional
biodiversity
conservation in the Polillo Islands and
elsewhere. However, much, much more
needs to be done if any further hornbill

extinctions are to be avoided, let alone to
address the much greater malaise of pressing
biodiversity conservation issues in the
Philippines.
The pioneering rescue and breeding
programmes initiated for both Visayan
Writhe-billed and Visayan Tarictic Hornbills
have achieved remarkable successes thus far.
Indeed, the tarictic hornbills are now
breeding with such frequency at both the
Panay and Negros centres that surplus birds
are not only available for extending breeding
programmes locally and internationally, but
attention is already turning towards future
reintroduction projects on both islands. It
remains to be seen if this level of success can
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misunderstood or even backfire badly: a
recent survey of teachers in rural schools on
Cebu, one of the country’s most developed
islands, revealed that 60% of teachers
thought ‘endangered’ meant ‘dangerous’ (LM. Paguntalan, pers. comm.), illustrating
that seemingly, even amongst relatively
well-educated sectors, the most basic
concepts of conservation may be wildly
misunderstood. Any awareness campaigns
that draw attention to threatened species can
also backfire in cultures where the notion of
‘rarity’ is often equated with ‘value’ and thus
are more likely to prompt interest in
‘possession’ than ‘preservation’.
Effective conservation can best be
achieved in these situations by sustained
influence and gradual change over extended
periods, preferably involving continued local
presence and advocacy. The PESP, which
has been in continual operation since 1997,
has constituted the major driving force in
biodiversity conservation in the Polillo
Islands, simply because it has enabled local
presence and sustained advocacy. The forest
wardening scheme at the heart of this project
is both community-based and driven by a
highly respected Senior Warden (or
‘Ecology Steward’ in the local parlance)
well able to influence local decision-making
processes
and
‘shepherd’
related
conservation agendas and personnel,
including other part-time and communitybased forest wardens selected, trained and
located according to need. These activities
are strongly supported by highly credible
and pro-active local biologists, who are in
turn nurtured by a network of international
‘partner’ organizations and biologists under
the auspices of the PIBCP. The forest
wardens also have ‘teeth’, with powers of
arrest vested in them by local municipal
ordinance, though they seldom use them or
resort to other confrontational methods. On
the contrary, they work with local
communities
to
instill
awareness,
appreciation and ultimately ‘ownership’.
About the only thing that distinguishes the
Polillo Islands from the rest of the Philippine
Archipelago is its unique species and
habitats, its natural heritage, which was
entirely unknown, much less understood and

be emulated with the Visayan Writhebilled Hornbill, although every effort will
be made to do so, especially given the
greater level of threat to the species.
Field surveys on these and other
species have also provided a much clearer
understanding of the overall conservation
status of these birds, in terms of their
remaining distributions, current threats and
future management requirements. In the
Sulu Islands, important populations of the
similarly imperiled Sulu Hornbill have
been reported in areas where they were
previously feared extinct. Repeated but
unsuccessful searches for the Ticao
Tarictic Hornbill have revealed not only
the almost certain extinction of this race,
but also underscored the particular
vulnerability of taxa with highly restricted
ranges, the inadequacy of the country’s
existing protected areas system, and the
inefficacy of its otherwise impressive
protective legislation.
In all fairness, however, the sheer
magnitude of the task and the inherent
difficulties of enforcing regulations in the
Philippine Archipelago, with its limited
resources, including transport systems and
other communication networks in remote
areas, and the over-arching problems of
rural poverty in an escalating human
population, are so daunting as to leave
little room for sanguinity. In these
situations, conservation may be a luxury
that few can afford and to which even
fewer are likely to give any credence. It is
unlikely that people with few or no
economic options can be persuaded to
refrain
from
exploiting
whatever
opportunities they have, including fast
diminishing wildlife populations and other
forest resources. The niceties of whether
such practices are legal or illegal are all but
irrelevant in the absence of choice, all the
more so if such legislation is either
unknown or effectively incomprehensible
to the vast majority of people in hinterland
communities with biologically sensitive
areas.
Awareness
campaigns
may
illuminate issues but are also unlikely to
promote
change
without
offering
alternatives. Such campaigns may also be
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special to them. As a consequence, the
Polillo Tarictic Hornbill is the only severely
threatened Philippine hornbill that is actually
increasing in numbers. The greater challenge
is still to be enacted, namely translating this
modest achievement into the ultimate
objective of developing an effective and
sustainable
biodiversity
conservation
strategy for the Polillo Group as a whole,
and
setting
realistically
achievable
precedents that might be (read “must be”)
emulated elsewhere in the Philippines and
the world. If this can done with the renown
Philippine ‘basket-case’, where biodiversity
conservation stakes are higher than
anywhere else, it can assuredly be repeated
anywhere in the world.

appreciated, by any Polillo LGU, NGO,
PO, school or local resident before the
PESP was established.
Irrespective of that, the PESP
placed the Polillo Islands on the local,
national and international conservation
map, and it did this on the back of the
Polillo Tarictic Hornbill, a humble enough
‘flagship’ species but one that nonetheless
now greets every visitor to the Polillos in
the form of a huge statue sitting astride the
Mabuhay (‘Welcome’) Arch of Polillo
Town, the only access point to these
islands. The PESP instilled the notion and
practice of the Polillo Tarictic Hornbill as
emblematic of something that Polillo
islanders can be proud of because it is
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Appendix 1: Philippine Hornbills Conservation Programme - chronology of key events
1994: Programme conceived and initiated in response to concerns arising from surveys in
West Visayas and elsewhere, indicating probable recent ‘extinction’ of the Ticao
Tarictic Hornbill Penelopides panini ticaensis and ‘critical endangerment’ and
‘endangerment’ of several other endemic hornbills. Initial projects included:
•

•

wide-ranging, but preliminary (mostly hunter-interview) surveys of most threatened
hornbills from Mindoro, Negros and Panay, Tawi-tawi and selected offshore islets,
conducted by A. Diesmos and M. Pedregosa; diverse follow-up recommendations
generated.
first ‘Only in the Philippines…’ poster featuring most threatened hornbills (c. 3,000
copies in three text language versions), for distribution by local partner agencies.

1995-96:
• avifaunal surveys of Polillo Islands, with particular reference to the Polillo Tarictic
Hornbill P. manillae subnigra, conducted by J.C.T. Gonzalez.
• first Visayan Tarictic P. p. panini and Visayan Writhe-billed Hornbills Aceros
waldeni rescued by Mari-it Conservation Park.
1997-1999:
• establishment of Polillo Islands Adoption/Wardening Scheme in March 1997 employment of first full-time warden or ‘Ecology Steward’, Vicente Yngente,
results in almost immediate reductions in local live animal poaching and trade.
• raids on three village markets in Panay, in May and June 1997 result in confiscation
of >20 Visayan Tarictic Hornbills, mostly fledglings destined for local human
consumption or live bird trade, all of which were deposited by DENR at Mari-it
Conservation Park.
• follow-up surveys on the critically endangered Sulu Hornbill Anthracoceros montani
in Tawi Tawi in 1997, 1998 and 1999, conducted by Des Allen, resulted in >30 birds
observed and first ever photographs of live and wild birds.
• conservation breeding programme for Visayan Tarictic Hornbills of Negros origin
initiated with donation of first pair birds to NFEFI-BCC in 1997.
• formal proposal and draft MOA, with VA and NEZS, submitted to DENR-PAWB in
December 1998 for establishment of ‘Philippines Hornbills Conservation
Programme’.
• endemic Polillo Tarictic Hornbill formally adopted by the Municipality of Polillo as
a symbol for biodiversity conservation and environmental awareness in these
islands; tarictic posters, banners and costumes produced and displayed for the first
time at the annual town fiesta in March 1998.
• follow-up survey, GIS mapping and development of preliminary management plan
for Ban-ban Forest Reserve (Municipality of Ayungan, Negros Oriental), completed
by joint team from CenTrop, CBCF and UPLB team in 1999.
• distribution and status data on Mindoro Tarictic Hornbill P. mindorensis collected
during the course of selected site inventories during island-wide faunal surveys in
1998 and 1999, conducted by J.C. Gonzalez and other UPLB researchers and
affiliates.
• island-wide survey of all remaining forest patches in Cebu completed in 1999 by
joint team of UPLB and CBCF researchers, but no evidence of the continuing or
recent occurrence of any hornbill species obtained;
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•

first Visayan Tarictic Hornbill nesting attempt at NFEFI-BCC in 1998 and first-ever
successful captive breeding in 1999;

•

Polillo Ecology Warden spearheads successful campaign to stop illegal Korean
mining operation in Sibulan Watershed, reputedly supported by senior-most local
municipal and federal (including DENR) officials;
follow-up avifaunal surveys in Negros, Panay and associated islands conducted by
Lisa-Marie Paguntalan and Marisol Pedregosa;
preliminary distribution and status survey data collected on Luzon Tarictic P. m.
manillae and Rufous Hornbills Buceros h. hydrocorax during the course of a wideranging faunal survey in 11 provinces in southern Luzon and associated islands
(Marinduque, Burias, Catanduanes and Albay), conducted by Dans et al. (2001) in
2000.
second ‘Polillo Tarictic Festival’ and first ‘Polillo Tarictic Boat Race’ celebrated;
second pair of Visayan Tarictics commence breeding at NFEFI-BCC.

2000:

•
•

•
•

2001-2002:
•
•

•
•
•
•
•

•

first hunter-interview survey on Jolo in 2001, with follow-up survey in 2002;, both
conducted by Carmela Española;
new MOA inaugurating formal establishment of the ‘Philippine Hornbills
Conservation Programme’ finally signed by DENR Secretary Cerilles, but lost in the
post before reaching other parties in Netherlands and U.K. ;
first nesting and rearing of Visayan Tarictics, and first nesting attempt by Visayan
Writhe-billed Hornbills, at Mari-it, in 2002;
new MOA formalizing establishment of the ‘Philippine Hornbills Conservation
Programme’ signed by all parties in June 2002;
second ’Only in the Philippines…’ poster, featuring all 9 spp. and 10 sub-spp. of
Philippine hornbills produced;
first ‘Philippine Hornbills Conservation Workshop’ convened at West Visayas State
University;
Polillo Environmental Awareness Programme initiated, and first Polillo Teacher’s
Training Course on Environmental Education conducted at UP-LB; Polillo
Wardening Scheme extended by appointment of six assistant wardens; survey of
Patnanungun indicates continued presence of Polillo tarictics; and:
follow-up faunal survey in 2001, and development of preliminary management plans
in 2002, for Mt. Malinao, Albay Province in South Luzon.

2003:
•
•
•

•

avifaunal Survey of Capual Island, off Jolo, conducted by Carmela Espanola,
confirms recent extirpation of former A. montani population on this island;
survey of previously unreported remnant forest patches on Ticao Island by Marisol
Pedregosa fails to produce any evidence of the continuing survival of P. p. ticaensis;
Phase I of island-wide ethnobiological survey of Negros completed by Apolinario
Carino, with hunter-interview data on hornbills and other wildlife collected
throughout Negros Oriental;
second Visayan Tarictic pair fledge singleton young at Mari-it; but second nesting
attempt by 1 pair of A. waldeni was unsuccessful;
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•
•
•
•

new bilingual ‘Wildlife of the Polillos’ poster produced with 5 key species
illustrated, including the Polillo Tarictic;
Polillo Wardening Scheme re-organised and extended by appointment of an
additional assistant warden;
census of Polillo Tarictics conducted over 20 days with average of 5.7 birds seen per
day;
Polillo Islands Biodiversity Conservation Foundation Inc. (PIBCFI) formally
registered with the Philippines Securities & Exchange Commission (SEC) to
facilitate future biodiversity conservation activities in this region.

2004:
•

•

•
•

•
•

island-wide ethnobiological survey of Panay completed by Marisol Pedregosa,
with hunter interview data on hornbills and other wildlife collected throughout all
four island provinces;
5 pairs of Visayan Tarictics nest (3 for the first time) at Mari-it, producing a total 7
(4 males, 3 females) fledglings from 4 pairs. However, the failure of further nesting
attempt by single A waldeni pair (in which the female emerged from the nest hole
after 90 days with no evidence of eggs having been laid) prompts design and
construction of new nest boxes and other husbandry modifications spear-headed by
volunteer zookeeper, Pavel Hospodárský.
first female Visayan Tarictic fledged at NFEFI-BCC, though later culled owing to
leg deformities.
biodiversity surveys in several different parts of Samar, including data collection on
both endemic hornbills (B. h. semigaleatus and P. a. samarensis) conducted by J.C.
T. Gonzalez;
Polillo Wardening Scheme again extended with appointment of an additional
warden for Patnanungan Island;
census of Polillo Tarictics adds an additional area of occurrence and total of 54 nest
sites plotted; Polillo Tarictic Festival reinstated after absence in 2003, with new and
improved tarictic mascot costumes.

2005 (to date):
•

•
•
•

•
•

new 3 year Polillo-Darwin Project aimed at establishing at least 6 new municipal
reserves to better protected selected critical habitats throughout the Polillo Islands
initiated in February;
monitoring of Polillo Tarictics by forest wardens extended to include observations of
pre-breeding dispersion;
kite-making contest added to Polillo Tarictic Festival community activities;
phase II of island-wide ethnobiological survey of Negros completed A. Carino, with
hunter-interview data on hornbills and other wildlife collected throughout Negros
Occidental,
first and second phases of new, island-wide faunal survey of all remaining forest
blocks on Dinagat Island conducted by Ronaldo Altimirano.
6 pairs of Visayan Tarictics nest (1 for the first time) at Mari-it, producing a total 7
(two males, 5 females) fledglings from 4 pairs, and 4 pairs of A. waldeni nest (3 for
the first time), producing a total of 3 (two males, one female) fledglings from two
pairs; new remote controlled video nest monitoring system also installed.
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• 3 of 4 pairs of Visayan Tarictics nest (2 for the first time) at NFEFI-BCC, though
only pair to fledge young also produce 4 (three males, one female) chicks, all of
which were reared successfully;
• first likely future reintroduction site surveys initiated in Panay and Negros in
February and August;
• new ‘Philippines Biodiversity Conservation Education Programme’ formally
launched and first full-time coordinator appointed in July;
• new Negros Island Biodiversity Conservation Education Programme formally
launched in October with appointment of Negros Education Officer and purchase
and equipping of new ‘mobile education unit’.
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ABSTRACT
Musina, J. 2007. Identifying Important Hornbill Areas (IHAs) in Kenya: priority setting for sites
with high hornbill diversity. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of
Hornbills and their Habitats for Conservation, pp. 31-40. CD-ROM Proceedings of the 4th International
Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
Beyond Kenya’s existing protected areas network and Important Bird Areas (IBAs), I identified areas
with relevant features of hornbill diversity useful to rank priorities; first to strengthen the design of wellsited protected and non-protected areas and second to optimize resource investment in conservation of
this group of birds. Based mainly on confirmed sightings and breeding nest record cards, this paper
attempts to predict the Quarter Square Degrees (QSDs) with high diversity for the twelve hornbill
species found in Kenya. This study provides decision makers with critical tools for highlighting sites
worthy of hornbill conservation in Kenya. I studied these 12 hornbill species on a 75 by 75 km grid (n =
228 QSDs). I used three criteria for identifying areas of high-value hornbill diversity: species richness,
rarity, and a Combined Diversity Index that measured all the twelve species together. Areas of highvalue hornbill conservation diversity were defined as those cells within the 15% top segment of ranked
values for the different criteria. The areas of high-value hornbill diversity identified according to the
Combined Diversity Index included up to nine of the hornbill species. Only 5% of the areas of highvalue hornbill diversity identified according to the Combined Diversity Index included all or part of
either natural protected areas or IBAs. In addition, they occupied only a small fraction of the areas of
high hornbill diversity, and there is no guarantee that the species found at a site of high hornbill diversity
will be present in an IBA or its protected fraction. Consequently, I urge managers of Kenyan national
parks and reserves to conduct surveys and initiate monitoring programs. I also urge that the local groups,
who exist in Important Hornbill Areas (IHAs) that are not currently protected, be educated in
conservation issues and equipped subsequently with basic ecological monitoring skills.
*

Author for correspondence: mhornbill@yahoo.com

INTRODUCTION
The apparent relative diversity, and thereby
importance of different areas, will often
depend on the scale at which diversity is
measured. This implies that an area that
may appear important at a local level may
cease to be so when considered from a
regional or global standpoint (Stattersfield

et al. 1998). Consequently, most of Kenya’s
existing protected areas have been
established for reasons other than birds and,
even where such areas do have the aim of
protecting wild bird species, they have often
been established for large, well known but
not necessarily threatened ones. An
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important part in conservation planning
therefore is ‘gap analysis’, which
determines the extent to which biodiversity
conservation priorities are already covered
in existing protected-area networks
(Benayas & de la Montaña 2004). One
problem with gap analysis is that there is
often no straight-forward way to combine
different attributes, such as species richness,
uniqueness and representation for different
areas, so as to assess their importance for
biodiversity conservation, and thereby to
produce an overall ranking of conservation
priorities (Stattersfield et al. 1998).
Although
it
is
relatively
straightforward that the Important Bird
Area (IBA) process in Kenya has identified
a set of areas that include all representatives
of birds, in practice the possibility of
protecting all such areas is remote. The
realistic question now seeks to know which
is the best subset of these areas that will
provide maximum coverage for a given
group of species. Practically, we can only
target strictly limited subsets of species –
such as one family of birds, for example
hornbills (e.g. Kemp 1976).
Identifying areas that are important for
more than just one species, and then
attempting to protect them, might be
expected to be a more efficient approach to
conservation in the long term. However,
there are both practical and theoretical
difficulties in identifying areas that are
important for biodiversity in this wider
sense. One of these is that data on the
distribution of Kenya’s species are so
incomplete and so heavily biased towards
large, conspicuous forms, so that decisions
have to be made on the basis of partial
knowledge (Zimmerman et al. 1996).
Secondly, when identifying priority areas
for biodiversity conservation, the question

of geographical scale is fundamentally
important; the major reason for this is that
diversity generally increases with increasing
area, but the rate of increase is rarely
uniform and varies from place to place.
Lastly, the importance of any given area for
biodiversity very often cannot easily be
quantified in a single measure but rather
may need to be seen as a function of several
separate attributes, such as richness,
representation and uniqueness (Allison et
al. 1998). It is worth noting that the closer
the two areas are geographically, the greater
is the proportion of the species they are
likely to share.
A potentially highly efficient approach to
identifying conservation priorities is to use
knowledge of the distributions of species to
identify areas that are particularly rich in
narrowly distributed species. These areas
will, by definition, contain a high
complement of just those species that may
be expected, by virtue of their small ranges,
to be the most vulnerable to extinction and
therefore most in need of conservation
action. In hornbills, the majority are
sedentary species, either resident within a
small area of habitat, or wandering locally,
at most over tens of kilometers, in search of
fluctuating habitat resources. No members
of the family undertake any major
migratory movements and, since the
majority of species breed in the cavities of
trees that occur within the habitat of their
choice, there are also no special movements
associated with breeding habitat (del Hoyo
et al. 2001).
In this study, I identified areas with a
high combined index of hornbill diversity,
overlaid these areas onto Kenya’s protected
areas network, and did a ‘gap analysis’ to
prioritize areas for conservation.

METHODS

My analyses used cells defined by Quarter
Square Degrees (QSDs) as analytical units

(Fig. 1). Kenya is covered by 228 squares
and part squares (Lewis & Pomeroy 1989).
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Figure 1. The Kenya bird atlas is divided into cells defined by Quarter Square Degrees (QSDs)
of latitude and longitude, e.g. 75b. Each QSD is 30’ by 30’ of latitude and longitude.
The modal cell size was about 5,625
km , and so this is the smallest cell size
common to all species considered in this
study. The cells adjacent to borders are
slightly different in size from those in the
center of the country. I examined presence
and absence of hornbills in these 228 cells.
The cell-by-species matrix was built using
species distributions from the bird atlas for
Kenya (Lewis & Pomeroy 1989) and the
Kenya bird atlas’ electronic database.
I used three criteria to identify areas of
high hornbill diversity: species richness,
rarity, and a combined index of hornbill
diversity. In this study, rarity of hornbill
species i was defined by its geographical
range measured as the inverse of the
number of cells where it was present (1/ni).
Currently, there are no official criteria in
Kenya classifying hornbill species into
rarity categories according to their
geographical ranges. For a cell r, the Rarity
Index was:

species threat level. However, there are no
endangered hornbill species in Kenya
(Collar & Stuart 1985; Collar et al. 1994;
BirdLife International 2004). Therefore, a
vulnerability criterion was not included in
calculating the Combined Diversity Index.
But, since vulnerability is actually a
surrogate concept of rarity plus rates of
habitat loss and other threats, I expect a
positive correlation between these two
indices.

2

For every cell and hornbill species, I
defined a Combined Diversity Index for
hornbills as:

In this index, species richness is implicit in
the first part of the equation. Since the
combined index of hornbill diversity is a
function of two other criteria, I expect in
general a positive correlation between this
Combined Diversity Index and richness,
and rarity. Next, all indices for the twelve
species were ranked. Areas of high-value
hornbill diversity were considered as those
cells within the upper 15% of ranked values
for the various criteria. This percentage
represents twice the targeted proportion of
land to be protected for nature conservation
in Kenya.

where sr was the number of hornbill species
found in the cell (Benayas & de la Montaña
2004).
Vulnerability of each hornbill
species was to be quantified by using

RESULTS
A total of 197 out of 228 cells had hornbills
recorded in them. Out of the 21 cells that
included at least a fraction of a protected

area, only ten cells had a high Combined
Diversity Index for hornbills. I found that
the cells with the richest communities did
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not necessarily include the rarest and most
vulnerable hornbill species (Table 1). Cells
with a high Combined Diversity Index for
hornbills also included communities rich in
rare hornbill species (Table 2). Therefore, a

cell identified as an area of high-value
hornbill diversity based on one criterion
(e.g. species richness), may not be an area
of high-value diversity if based on a
different criterion (Figs. 2-4).

Table 1. Cells with richest bird communities and the highest values for each of the conservation
criteria and indices as calculated for hornbill species in Kenya. Bold numbers
depict the best cell under each of the three criteria used. ns = not significant.

Criteria
& Indices

Cell designations
2c

3a

12d

16b

25b

36b

37a

37c

37d

47d

49d

50c

Species
Richness

ns

ns

ns

ns

ns

ns

7

9

9

ns

9

10

Rarity

3.12

2.88

2.78

3.14

2.78

3.10

2.86

2.95

ns

4.76

ns

2.55

ns

ns

ns

ns

0.19

0.20

0.26

0.18

ns

0.23

0.26

Combined
Diversity 0.19
Index

Table 2. Distribution of hornbill species within the three cells that showed the highest
conservation indices for hornbill species in Kenya. Species marked X are rare (EANHS
Ornitohological Sub-committee 1996).

Top Cells
Common Name

Scientific Name
37c 47d

Southern Ground Hornbill
Bucorvus leadbeateri
Abyssinian Ground Hornbill
B. abyssinicus X
Eastern Red-billed Hornbill
Tockus erythrorhynchus
Eastern Yellow-billed Hornbill
T. flavirostris
Von Der Decken's Hornbill
T. deckeni
Jackson's Hornbill
T. jacksoni
Hemprich's Hornbill
T. hemprichii X
Crowned Hornbill
T. alboterminatus
African Grey Hornbill
T. nasutus
Trumpeter Hornbill
Bycanistes bucinator
Silvery-cheeked Hornbill
B. brevis
Black-and-white-casqued Hornbill B. subcylindricus
Species Richness
Rarity
Combined Diversity Index
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1
1
1
1
1
1
1
1

50c
1
1
1
1
1
1
1
1
1
1

1
9
2.95
0.26

1
1
10
4.76 2.55
0.05 0.26

Figure 2. Map of species richness for hornbills, showing the 15% of QSD cells in Kenya
with the highest criteria.

Figure 3. Map of rarity for hornbills, showing the 15% of QSD cells in Kenya with the
highest criteria.
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Figure 4. Map of the Combined Diversity Index for hornbills, showing the 15 % of QSD cells
in Kenya with the highest indices and potential as IHAs.
Sites chosen based only on the species
richness criterion returned most cells in
western and southern semi-arid savanna and
acacia grasslands of Kenya, with a few cells
in the remnant central highland forests (Fig.
2). However, some sites in the west, such as
QSD 49c, represent the only bucerotids of
the true tropical rainforest, Kakamega
Forest. Most western cells fall in the semiarid and arid parts of the rift valley province
where several species belonging to the
genus Tockus are common and widespread
in dry thorn-bush savanna or woodland
below 1,400m, but absent from the coastal
lowlands, Lake Victoria basin and heavily
forested areas (Zimmerman et al. 1996; del
Hoyo 2001). The southwestern grasslands
are further important for the Southern
Ground Hornbill.
On rarity, most cells fell in the
northwestern and part of western Kenya,
with substantial sites in the coastal and
central highland forests. Hemprich’s
Hornbill is uncommon and local in semi-

arid rocky parts of north and northwestern
Kenya between 900 m and 1,200 m a.s.l.
(Zimmerman et al. 1996), while the
Abyssinian Ground Hornbill is a species of
the even drier, lowly populated semi-arid
pastoralist habitats in the north.
Using the combined index of diversity,
the most important sites are in the western
part of Kenya with a few cells scattered in
the north and northwestern regions. Also
important are the central highland and
coastal forests, and the Mara-Serengeti
ecosystem in the south, vital for the
Southern Ground Hornbill with its obvious
specialization for terrestrial existence (del
Hoyo 2001). Thus, in general, cells with
high values of the combined index of
biodiversity also included rich communities
with rare and vulnerable species. This
indicates that a cell that has been identified
as an area of high-value diversity based on
one criterion (e.g. species richness), may
not be an area of high-value diversity if
based on a different criterion (e.g. rarity).
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So, does the existing network of protected
areas provide a reasonable guarantee for
conservation of hornbills?

For instance, if Important Hornbill Areas
(IHAs) are chosen based on only species
richness, then those sites in north and
northwestern Kenya that harbor rare species
are left out. There is a high overlap of cells
with rare species and high number of
species. Most of this overlap is in western
and central Kenya. Therefore, the combined
index of hornbill diversity provides the best
predictor of priority sites for hornbill
conservation in Kenya, or IHAs.

A total of 21 cells included at least a
fraction of a national park, a reserve or an
IBA (Fig. 5). However, the coincidences
between areas of high hornbill diversity and
cells including these natural protected areas
were low.

Figure 5. Map showing overlap of the 15% of QSD cells with the highest conservation criteria
and indices for hornbills, and the natural protected areas of Kenya (as indicated by the black
cubes).

DISCUSSION
By and large, the existing network of
Kenya’s natural protected areas does not

provide a reasonable guarantee for
conservation of hornbills. Several areas
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agricultural
cultivation,
and
such
undesirable effects as widespread forest
squatter settlements. This justifies the
several rarity cells in Kakamega Forest and
in the central and coastal forests that are
home of the genus Bycanistes (e.g. Silverycheeked Hornbill), which are fairly large
forest-dwelling hornbills with impressive
casques. All the remaining African
bucerotids occupy extensive ranges, and
many of them are small species, so that
each is very likely to persist in relatively
large populations. Local reductions in range
are probably a common factor for a number
of species, but are of conservation concern
only for the large species that occur at low
densities (del Hoyo 2001).
Apart from habitat alteration, the main
threats to hornbills come from hunting for
food and traditional medicines, and the
robbing of nests for food or for the
avicultural trade. The extent and impact of
these problems is difficult to determine, but
their effects on hornbill populations are all
the more serious because these are longlived birds with a slow rate of population
turnover and recruitment. Increasing
agricultural development in the Kenya
highlands has severely reduced numbers in
recent years of the Southern Ground
Hornbill (Zimmerman et al. 1996).
Kenyan hornbill conservation must not
depend solely on national parks and
reserves. Management of traditional
pastoralist systems and forests are
keystones for conservation outside natural
protected areas (e.g. Benayas & de la
Montaña 2004). Therefore, the map of IHAs
(Fig. 4) may be useful for ecological
restoration. Perhaps this will be best
achieved through raising conservation
awareness amongst local people and
training them on basic ecological
monitoring methods, including installation
of nest boxes where appropriate. For
instance, at Lake Baringo IBA, home of
Hemprich’s Hornbill, overstocking and high
grazing pressures have reduced ground
cover and encouraged soil erosion with
excessive tree cutting as a related problem
(Bennun & Njoroge 1999).

with high hornbill diversity are outside of
protected areas.
I acknowledge that definitions of areas
of high hornbill diversity are to some extent
arbitrary, and my results are obviously scale
dependent. A finer scale of resolution, other
than the QSD, would likely result in
diminished areas of high hornbill diversity
congruence among species (e.g. Benayas &
de la Montaña 2004; Harrison et al. 1997).
Overall, the areas of high hornbill diversity
using the combined index of diversity had
the best performance, capturing over 75%
of the species (Table 2).
Of the 23 hornbill species found in subSaharan Africa, a total of 13 (57 %) lives in
deciduous woodland or savanna, with the
remainder in evergreen forest (Kemp 1976).
The northwestern section of Kenya records
up to ten hornbill species. The habitat here
is mainly dry savanna woodland. However,
it is important to note that although the
hornbill species, collectively, occupy a wide
range of either forest or savanna habitats, it
should be emphasized that each particular
species co-exists with, and relies upon, its
own special combination of plants and other
animals. This combination varies not only
from one area to the other but also from one
season to another (del Hoyo 2001).
Probably, this could best define the
restricted ranges of Hemprich’s Hornbill,
described by Zimmerman et al. (1996) as a
scarce and local resident, mainly below
1,000 m a.s.l. in northwestern Kenya south
to the Kerio Valley and Baringo district and
east to Lake Turkana.
In Kenya, it is reasonable to say that
hornbills have been declining across their
entire range, since the habitat changes
wrought by man are rarely beneficial to the
members of this intriguing family. The
factor influencing the status and
conservation of the largest number of
bucerotids and forest species is undoubtedly
deforestation. The removal of forests has
been accelerated by the introduction of
various mechanical techniques and by
increases in human population pressure,
resulting in greater access along forestry
roads, charcoal burning, the spread of
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In addition, it is possible to identify
actions to be taken in areas of high hornbill
diversity to foster the populations of the
most endangered species. Some examples
are habitat reconstruction and re-vegetation
(e.g. riparian forests or highland forests)
where large assemblages of Bycanistes
hornbills are observed at communal roostsites. It should be emphasized that some
frugivorous forest hornbills are responsible
for the dispersal of seeds of a significant
proportion of economically and ecologically
important trees in African forests so that,

for the viability of these forests and the
economic services they provide, the
preservation of hornbills is almost certainly
essential (del Hoyo 2001). These maps may
also be useful for environmental impact
assessment and mitigation. I overlapped a
map of areas of high hornbill diversity on a
map of natural protected areas (Fig. 5).
Next, I will overlap my map of areas of
high hornbill diversity on the current land
use systems in Kenya. Many more
recommendations will then arise.

RECOMMENDATIONS
•

•

Most Important Hornbill Areas are
outside of the Kenya Protected Area
network
Conservation
intervention
should
include local people who live in these

priority sites. These local groups need
basic ecological training to perform
simple monitoring exercises.

ACKNOWLEDGEMENTS
I am grateful to Alan and Meg Kemp for
organizing this conference and subsequently
giving us young African scientists a chance to
interact with other hornbill enthusiasts from
elsewhere. Also, many thanks to the two for

fundraising for my airfare, and other logistics
through the energy company SASOL. I thank
Mabula Game Lodge for good care during this
conference. I hope we have other hornbill
conferences in future.

REFERENCES
Allison et al. 1998. Marine reserves are necessary but not sufficient for marine conservation.
Ecological Applications 8 (suppl. 1): 79-92.
Benayas, J.M.R. & de la Montaña, E. 2004. Identifying areas of high-value vertebrate diversity for
strengthening conservation. Biological Conservation 114: 357-370.
Bennun, L.A. & Njoroge, P. 1999. Important Bird Areas In Kenya. Nature Kenya, Nairobi.
BirdLife International. 2004. Threatened Birds of the World. Lynx Edicions and BirdLife International,
Barcelona and Cambridge.
Collar, N.J., Crosby, M.J. & Stattersfield, A.J. 1994. Birds to Watch 2. The World List of Threatened
Birds. BirdLife International, Cambridge.
Collar, N.J. & Stuart, S.N. (eds) 1985. The ICPB/IUCN Red Data Book Part 1: Threatened Birds of
Africa and Related Islands, 3rd ed.. International Council for the Preservation of Birds, Cambridge.
del Hoyo, J. Elliot, A. & Sargatal, J. (eds). 2001. Handbook of the Birds of the Birds of the World. Vol
6. Mousebirds to Hornbills. Lynx Edicions, Barcelona.

39

Harrison, J.A., Allan, D.G., Underhill, L.G., Herremans, M., Tree, A.J., Parker, V. & Brown, C.J.,
(eds). 1997. The atlas of southern African birds. Vol. 1: Non-passerines. BirdLife South Africa,
Johannesburg.
Kemp, A.C. 1976. A study of the Ecology, Behavior and Systematics of Tockus Hornbills (Aves:
Bucerotidae). Memoirs of the Transvaal Museum, 20. Transvaal Museum, Pretoria.
Lewis, A. & Pomeroy, D. 1989. A Bird Atlas of Kenya. A.A. Balkema Publishers, Rotterdam.
EANHS Ornitohological Sub-committee. 1996. Checklist of the birds of Kenya. East African Natural
History Society Ornithological Sub-committee, Nairobi.
Statterfield, A.J., Crosby,M.J.,. Long, A.J, & Wege, D.C. 1998. Endemic bird areas of the world:
priorities for biodiversity conservation. BirdLife Conservation Series, 7. BirdLife International,
Cambridge.
Zimmerman, D. A., Turner, D.A. & Pearson, D.J. 1996. Birds of Kenya and northern Tanzania. Russel
Friedman Books, Halfway House.

40

Hunting for hornbills: approaches to conservation in Arunachal
Pradesh, north-east India
Aparajita DATTA
Associate Ecologist, Nature Conservation Foundation, 3076/5, 4th Cross, Gokulam Park,
Mysore 570 002, Karnataka, India. Email: aparajita@ncf-india.org.

Datta, A. 2007. Hunting for hornbills: approaches to conservation in Arunachal Pradesh, north-east
India. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats
For Conservation, p. 41. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula
Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
Despite strong conservation laws, hunting remains a primary threat to hornbills and several other faunal
groups in India. Implementation of laws is even more challenging in a tribal state like Arunachal
Pradesh, north-east India, a global biodiversity hotspot. While most land here is under tribal ownership,
even designated protected areas essentially remain ‘paper parks’. Effective wildlife conservation
requires building local constituencies to ensure protection from hunting.
The Nature Conservation Foundation and Wildlife Conservation Society-India Program has
been implementing a community-based conservation programme since 2003, by working with
indigenous communities in two important protected areas in Arunachal, although the conservation
education programme spans a wider network. The overall goal is to contribute to conservation of
endangered wildlife by fostering attitudinal changes to wildlife, through addressing socio-economic
needs of tribal communities and through conservation education. The programme was born out of six
years of prior ecological research, mainly on hornbills. Hornbills, important cultural symbols, are being
used as flagship species for the programme. They are major targets of hunting by some tribal
communities. However, hunting also threatens other wildlife. Therefore, the programme is geared
toward arresting hunting of all wildlife. We are ensuring community support and participation in
conservation through a variety of integrated activities that essentially improve community welfare.
At the Namdapha Tiger Reserve, we are working with the Lisu community. Our activities there
include providing access to health care, primary education, livelihood options, finding solutions to land
shortage, and training and employing ‘reformed’ hunters to monitor and protect hornbills and other
wildlife. We are also advocating ways in which local communities can be involved in park protection by
working in conjunction with existing protected area staff. At Pakke Tiger Reserve, we employ
‘reformed’ Nishi hunters to monitor and protect nests of three hornbill species (Great Buceros bicornis,
Wreathed Aceros undulatus and Oriental Pied Hornbill Anthracoceros albirostris) and track hornbill
numbers at roost sites. There is now eight years of data on hornbill populations and breeding success
from 40 nest and five roost sites. This breeding season, we found 20 new nests. At Namdapha, which
has five hornbill species, there has been no prior study of hornbills. Apart from the three mentioned
earlier, there are also the endangered Rufous-necked Hornbill Aceros nipalensis and the locally rare
Austen’s Brown Hornbill Anorrhinus austeni. In the first year, we located five nest and two roost sites.
We have enlisted ‘reformed’ hunters to assist in monitoring abundance of target faunal groups
(hornbills, pheasants, arboreal mammals, ungulates, carnivores), hunting levels and other disturbances,
to assess changes and recovery of wildlife, and to evaluate the impact of programme interventions. We
have mobilized the community to take a stand against hunting and effect reduction in hunting through a
series of village and community-level meetings. There is a greater awareness of wildlife laws and the
importance of wildlife conservation. Our work has already led to some change in attitudes, opportunities
for some in the community, and has generated goodwill. Recommendations are being communicated to
the media, Government, local communities and influential conservationists to help in decision-making.
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The Andaman and Nicobar Islands off the east coast of India form one of the 218 endemic bird
areas of the world (13 endemic bird species, two threatened and 10 near-threatened). The
Narcondam Hornbill Aceros narcondami, found on Narcondam Island (6.8 km2), is one of the
threatened and endemic species, declared endangered due to its restricted range. It is an
interesting species ecologically and evolutionarily. Because of its extreme physical isolation,
very little quantitative is known about its ecological and conservation requirements. This is the
first objective study on the species in the wild, of its population status, roost and nest
requirements, and threats, carried out between January and April 2003.
To estimate the density of hornbills, two line-transects were traversed seven and nine
times respectively. Roost sites were located by observing the movements of birds at dusk from
a vantage point. Roost habitat was then characterized using circular plots, laid out with the roost
tree at the center. To assess diet, collection of seeds from middens below 17 roost sites and nine
nests were made periodically and then sorted into and counted by species.
The population density of hornbills was estimated at 54 birds/km2 and, given the
effective habitat of c. 6 km2, the total at 320-340 birds. Population regulation seems to be
density-dependent, apart from stochastic occurrences, such as severe cyclonic storms that
destroy many old nest trees and even causing mortality of brooding females/chicks confined in
nest-holes.
Narcondam Hornbills did not roost with other species. Structural features of the roost
trees, such as gbh, tree height and first branching height, were the main factors that influenced
selection of roosts sites. All adult roost sites were below 255 m a.s.l., whereas juveniles roosted
at higher elevations. Roosting site parameters were different for adults and juveniles. Adults
roosted in pairs, but juveniles formed loose aggregations of 3-7 birds on the same branch. None
of the roosts were permanent, which probably reflects the absence of predators and scattered
availability of resources on the island.
Narcondam Hornbills fed on various fruits. The 10,119 seeds collected from middens
were segregated into fig and non-fig species. Hornbills fed on at least 31 species, 13 of which
could only be identified to family level. Almost 73% of the diet consisted of only four species
(Myristica andamanica 23%, Caryota mitis 21%, Sterculia rubiginiosa 19% and Myristica sp.
10%). Various animals, including geckos, skinks, spiders, mantids, land crabs and snakes, were
also observed in the diet.
The study underlines the importance of mature undisturbed forests, with large trees for
roosting, nesting, courtship and mating, which could be useful for in- and ex-situ conservation.
There is no direct threat to the hornbills, but their long-term survival would depend on the
preservation of habitat that is being gradually degraded due to the presence of a small Police
Outpost. Whether such a small population will be able to cope with ecological disasters, like a
disease outbreak or epidemic, or extensive destruction of habitat, remains to be seen. The status
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of the bird and its island remain unknown in the aftermath of the 26 December 2004 tsunami.
We need to plan a yearlong study on the species to get better information on its ecological
requirements and how important the bird is in conservation of tropical rainforest on the island.
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Systematic study of the breeding biology of the Sri Lankan Grey Hornbill Ocyceros gingalensis
was carried out during the period 2002-May 2005, in Dombagaskanda Forest Reserve, western
Sri Lanka. Observations were also carried out in many other national parks in all geographical
regions in Sri Lanka, to monitor the breeding cycles. Eight nests were observed during the
study period, in evergreen and deciduous forests, and in both wet and dry zones in Sri Lanka,
between 80-210 m a. s. l.
All pairs bred successfully and each pair raised only one chick (n = 8). The present
study shows there are two distinct breeding cycles in Sri Lanka for the species, Jan-April in the
Wet Zone (south-western region) and May-Aug in the Dry Zone (south-east, east and northcentral regions). The breeding cycle lasted for 90±4 days (n = 8). Relevant phenological and
climatological data were also collected to assess the possible causes that stimulate the breeding
cycle.
In all the cases, the female remained in the nest until the chick was grown and ready to
fledge. The female emerged only one or two days before, breaking the sealing her self just
before the chick was ready to fledge. In two observed cases, the female remained close to the
nest after emerging and the male continued to feed both the female and chick. The chick was
cared for and fed for 2-3 days after fledging.
The present studies warrant a long-term systematic study to fill the existing data gaps,
especially in the areas of their puberty, longevity and reproductive biology.
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Jam, N. A. 2007. The Yellow-casqued Hornbill, its conservation status and problems in
Cameroon, and the case study at Mt Kupe Forest Reserve. In: Kemp, A. C. & Kemp, M. I. (eds).
The Active Management of Hornbills and their Habitats for Conservation, pp. 45-48. CD-ROM
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The Center for Environmental Management and Monitoring (CEMMON) carried out preliminary socioeconomic and ecological surveys of the 3,000 ha Mt. Kupe Forest during 5 January to 24 February 2005.
These surveys identified, among other issues, that the Yellow-casqued Hornbill Ceratogymna elata was
facing serious threats. No systematic conservation or research work has involved this hornbill in
Cameroon for the past 10 years, so data collection began on 27 March 2005 and continues. The Yellowcasqued Hornbill is often in pairs or small family parties in mature forest, but penetrates gallery forest
patches where there is food. It feeds principally in the canopy on seeds, fruits and occasionally on
insects and larvae, and it is sometimes encountered in association with other hornbills and guenons in
fruiting trees. Population counts have involved line transects, point counts (using 24 1-ha plots
established by the former Mt Kupe project to count turacos), visits to feeding sites and opportunistic
records. Most of the results are still qualitative, until we have collected at least one year of data.
Population counts have so far record 367 Yellow-casqued Hornbills at 15 plots. Mapping of trees for
feeding (F) and nesting (N) has included Syzigium spp. (F/N), Maesa lanceolata (F), Ficus spp. (F),
Schefflera spp. (N), Xymalos monospora (F), Maesopsis sp. (F/N?), Canarium sp. (F/N), palm kernels
(F), Uapaca paludosa (F/N) and others. So far 17 old nest sites have been recorded but are not yet being
used. Questionnaires have revealed a drastic decline in Yellow-casqued Hornbill populations within the
past five years since termination of the Korup Forest Project, with little information on breeding ecology
and no active nests so far.
Threats assessed include habitat loss (through fires, agriculture, logging, fuel-wood cutting,
selective tree removal by carvers and over-grazing), hunting (for bushmeat, eggs and feathers), and
predation by African Crowned Eagles Stephanoaetus coronatus. Sensitization workshops have been
given in three of the 17 villages surrounding the forest, and environment clubs (E Clubs) initiated and
followed up in the three villages. Literature and Internet searches showed very scanty material available,
little or no active research done on the Yellow-casqued Hornbill in the region, and the Yellow-casqued
Hornbill appearing mostly as a listing in bird lists. Conclusions and recommendations are then
presented.
*Author for correspondence: nsomalfred@yahoo.com

INTRODUCTION
The Centre for Environmental Management
and Monitoring (CEMMON) carried out

preliminary surveys of the Mt. Kupe Forest
during 5 January to 24 February 2005. The
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The objectives of the project are to
generate baseline data for research and
monitoring, estimate population densities,
and assess and monitor ecological
requirements. This includes determining
feeding requirements and sites, and
breeding requirements and nesting sites.
This will enable CEMMON to assess and
mitigate threats, initiate and encourage
protection of the species at Mt Kupe, and
develop research and capacity building
along with economic empowerment and
livelihood improvements.

surveys were aimed initially at socioeconomic and ecological assessments to
identify areas of conservation research for
CEMMON. The surveys identified, among
other issues, that the Yellow-casqued
Hornbill Ceratogymna elata was facing
serious threats. No systematic conservation
or research work has involved this hornbill
in Cameroon for at least the past ten years
and so, motivated by my experience with
the South African Southern Ground
Hornbill and Blue Swallow Projects during
2004, CEMMON decided to initiate a
Yellow-casqued Hornbill research project.

STUDY AREA AND SPECIES
forest resident from southwest Senegal to
Togo and from southwest Nigeria to
western Cameroon (Fig. 1). It is classified
as Near Threatened by the IUCN Red Data
categories (Borrow & Demey 2001).
It is mainly a canopy bird, often
found in pairs or small family parties in
mature forest, but it penetrates gallery forest
patches where there is food. It feeds
principally on seeds, fruits and occasionally
on insects and their larvae, and is
sometimes encountered in fruiting trees in
association with other hornbills and guenon
monkeys. It nests in hollows in tall trees.

The Mt Kupe Forest is located in the Southwest Province of Cameroon, between
latitudes 4o46’-4o49’ N and longitudes
9o42’-9o48’ E. The Forest has an extent of
about 3,000 ha, reaches an altitude of 2,064
m a.s.l., and its vegetation is described as
submontane (Stattersfield et al. 1998)
The Yellow-casqued Hornbill is one
of the largest hornbills in Africa, with a
length of 70-90 cm and an adult male mass
of >2 kg. It has a high creamy casque, the
plumage is all black except for a white tail
with a black pair of central feathers, and
there is bare bluish skin around the eye and
on the inflatable throat wattles. It is a local

Figure 1. The distribution of the Yellow- casqued hornbill in western Africa (from Borrow &
Demey 2001).
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MATERIALS AND METHODS
questionnaires were developed and used to
assess the perception and attitudes towards
the Yellow-casqued Hornbill in the area.
Information from questionnaires also
provided some qualitative information on
those land use activities that could have a
link
with
Yellow-casqued
Hornbill
protection in the area. Consultation and
sensitization workshops and meetings were
also held with members of local
communities. Secondary information was
checked through literature review and
Internet consultations.

Data collection began on 27 March 2005
and continues. This includes population
counts by line transects, point counts using
24 1-ha plots established by the former Mt
Kupe Forest Project for turaco monitoring,
visits to feeding sites and opportunistic
observations. Fieldwork made use of
botanical field guides and an experienced
botanist for plant identification. Activities
and nest searches inside the forest provided
data on population counts and some aspects
of ecological and anthropological threat
assessments. At the level of communities,

RESULTS
Most of the results are still qualitative and
the work is still going on. We only hope to
statistically analyse data after we have
collected sufficient material (at least one
year of data collection).
Population counts have so far record
367 Yellow-casqued Hornbills in the 15
plots that have so far been worked. We have
identified and mapped important trees
species that we expect to be used for
feeding (F) or nesting (N), including
Syzigium spp. (F/N), Maesa lanceolata (F),
Ficus spp. (F), Schefflera spp. (N), Xymalos
monospora (F), Maesopsis sp. (F/N?),
Canarium sp. (F/N), oil palm kernels (F),
Uapaca paludosa (F/N) and others. We
have recorded 17 old nest sites, so far not
being used.
Our questionnaires revealed a
drastic decline in Yellow-casqued Hornbill
populations within the past five years, after
the end of the Korup Forest Project, with

little information so far on breeding
ecology. Our threat assessments have
identified habitat loss through fires,
agriculture, logging, fuel-wood cutting,
selective tree removal by carvers and over
grazing. We have also recorded hunting for
bushmeat, eggs and feathers, together with
predation by African Crowned Eagle
Stephanoaetus coronatus.
We have conducted sensitization
workshops in three of the 17 villages
surrounding the forest, and environmental
(E) clubs that have been initiated in three
villages are being followed up.
Literature and Internet searches have
shown that there is very scanty material
available. There has been very little or no
active research on the Yellow-casqued
Hornbill in the region, and the species in
most the few bird works in the area appears
mostly as a listing in bird lists and annexes.

CONCLUSIONS
The Yellow-casqued Hornbill is in danger
in Cameroon due to the high level of threats
that exist in the Mt Kupe Forest, which
constitutes the largest refuge for the species
in the country. Protection attention for the

future survival of this species is low. At the
present rate of hunting and habitat
degradation, the Yellow-casqued Hornbill
populations would decline drastically in the
near future. Active conservation, research
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and few ornithologists and researchers have
shown any interest in the species.

and environmental sensitization have not
been carried out since the Korup Forest
Project closed down about eight years ago,

RECOMMENDATIONS
of nesting sites, migration sites, feeding
sites, and breeding sites, to be able to
monitor effectively the success of any
protection and conservation efforts on these
birds.
CEMMON should continue data
collection and monitoring, and analyze and
disseminate
results
to
concerned
stakeholders. There is a need for a Yellowcasqued Hornbill poster to use in village
visits. To sustain the work, there is also a
need to seek funding avenues.

Protection of the Yellow-casqued Hornbill
and other hornbills should be considered on
the agenda of national government and
conservation organizations. Hunting of
hornbills must be stopped in the Mt Kupe
Forest area and more work must be done on
the breeding, nesting and feeding ecology.
Government and research institutions
should initiate and develop effective
alternative income generating activities to
reduce the already high pressure on the
forest resources. There is a great need to
map out the ecological distribution in terms
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The World Conservation Union lists Asian hornbills as “Threatened” or “Endangered” due to
accelerated forest loss and fragmentation during the 1990s. We assess whether, in the face of
these threats, we can retain Asian hornbill populations of sufficient size to permit dynamic
ecological and evolutionary responses to continued environmental change. To evaluate levels of
fragmentation currently faced by Asian hornbills, we use a new map of Asia’s forest cover and
measure forest size and distribution using GIS.
Forest habitat covers 2.2 million km2, in 9,600 patches averaging 257 km2/patch. The
largest contiguous forests occur on New Guinea (@ 393,400 km2) and Borneo (@ 322,700
km2); the smallest forests occur on the Philippines (<1,000 km2). To develop species
vulnerability rankings, we use several landscape configuration measures (% habitat/range,
habitat area, # forest patches, mean (S.D.) patch size, edge density, # neighborhoods, mean
neighborhood size, area weighted shape index, # protected areas). Principal components
analysis shows that hornbills fall into 4 vulnerability groups.
The “safest” hornbills occur in few, large intact forests; “safe” species have large
amounts of habitat but suffer more fragmentation and isolation of subpopulations; “vulnerable”
species have limited and fragmented habitat within large geographic ranges; and “high risk”
species have limited, highly fragmented habitat within restricted ranges. We model future risk
scenarios by varying hornbill sensitivities to a Human Influence Index, to simulate the effects
of forest loss and fragmentation. As human influence increases, the “safest” hornbills lose an
estimated 21% of forest cover, “safe” hornbills lose 42%, “vulnerable” species and those
currently “at risk” lose almost all habitat.
Fragmentation follows less predictable patterns, increasing as large forest blocks break
up but decreasing in fragmented systems as forests are eliminated. To examine whether
hornbills can persist in severely fragmented forest landscapes, we use a spatially explicit
population model, PATCH, to simulate the fates of two Sumatran hornbill populations.
Wreathed Aceros undulatus and Bushy-crested Hornbill Anorrhinus galeritus serve as examples
of non-territorial and territorial species, respectively. We examine two management scenarios:
1) no changes in habitat size or configuration and 2) forest restoration. Under the first scenario,
both species disappear from remote forests and fail to re-colonize, while survivors persist at
much reduced numbers in the largest forests. Wreathed Hornbills experience greater population
reduction but persist in more patches, while Bushy-crested Hornbills decline less overall but
persist in few satellite forests. Sedentary Bushy-crested Hornbills have difficulty colonizing
vacant breeding sites because the distances among fragments tend to exceed dispersal abilities.
The second scenario results in improved habitat connectivity and an amalgamation of
fragmented forests. Both species colonize new habitat but are still limited by dispersal
capabilities. Our analyses highlight the need to focus conservation efforts on small-bodied
island endemics (e.g. Rhyticeros everetti and many Penelopides spp.), and species with limited
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dispersal capacities in extremely fragmented regions (e.g. Ocyceros spp. and most
Anthrococeros spp.). We need large, contiguous forests or well-connected forest complexes to
ensure the persistence of Asian hornbills.
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ABSTRACT
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The Philippines harbours a unique assemblage of endemic forest hornbills (Family Bucerotidae),
represented by 15 species and subspecies, each restricted to a distinct faunal region or island group. It
had suffered severe deforestation and much of the remaining lowland rainforests on the islands are
seriously fragmented – forming islands of forests within islands. This paper compares the insular
distribution and status of Philippine hornbills with recent data on forest cover. It raises key issues
concerning insular ecology of hornbills in the Philippines, including limited habitats on small islands,
ability to cross barriers, availability of feeding and nesting trees, continued threats from habitat
conversion and poaching, and presence of conservation initiatives. Emphasis was given to threatened
island endemics, with particular reference to case studies from Polillo and Mindoro. Insular distribution
of Philippine hornbills was discussed based on islands having one or more species, but also identified
islands lacking hornbills. The number of hornbills found on each island was dictated less by size than by
Pleistocene relationships. Sympatric congeners do not occur and ranges follow distinct biogeographic
patterns within the archipelago. Nonetheless, hornbills were still restricted by forest area, forest type and
elevation. Dispersal and survival of small and large hornbills was affected by selective tolerance to
habitat disturbance and their ability to adapt to degraded forests or to persist in secondary habitats. It
was suggested that conservation importance be assigned to all taxa (both species and subspecies), given
the current state of lowland forests in the Philippines and the decline of hornbills within their ranges.
*Author for correspondence: Email: jctgonzalez@yahoo.com

INTRODUCTION
The Philippines is an archipelago composed of about 7,100 islands, scattered along the
northeastern edge of Southeast Asia and isolated by the South China Sea, Sulu Sea and Pacific
Ocean. The insular distribution of most Philippine vertebrate fauna, including hornbills, is
restricted to distinct faunal regions, with some taxa further limited to only one or a cluster of
islands (Fig. 1). Exposed inter-island connections during the Pleistocene period separated the
archipelago into six major faunal regions – Greater Luzon, Greater Mindoro, Greater Palawan,
Greater Sulu, Greater Negros Panay (or West Visayas) and Greater Mindanao (Dickerson 1924;
Heaney 1986). A similar distribution pattern can be seen for Endemic Bird Areas (EBAs), with
the added separation of Cebu from West Visayas and the East Visayan islands of Samar, Leyte
and Bohol from Greater Mindanao (Bibby et al. 1992; Mallari et al. 2001). The distribution of
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hornbills of the genera Penelopides and Anthracoceros follows parallel patterns for both faunal
regions and endemic bird areas (Fig. 2). This illustrates the influence of biogeographic origins
from both Indomalaya and Wallacea, with Huxley’s Line traversing the archipelago. Philippine
hornbills are composed of four genera and are widely distributed on the major islands.
Only a single species is represented per genus on each island. Sympatric congeners do not occur
within the Philippine archipelago, unlike Peninsular Malaysia and islands of the Sunda Shelf.
Most islands have only a single representative genus, such as in Mindoro, Palawan and Sulu,
some may harbor two, as in Luzon and the West Visayan and East Visayan islands, while three
occur on only a few islands in Greater Mindanao (Table 1). Following the taxonomy described
by Kemp (1988), a total of nine species and six subspecies of forest hornbills (Order
Bucerotiformes, Family Bucerotidae,) are known from the Philippines (Table 2). All 15 taxa are
endemic and have related species from adjacent islands in Southeast Asia.
Figure 1. Major faunal regions and Endemic Bird Areas (EBAs) in the Philippines.
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Figure 2. Distribution of Penelopides and Anthracoceros hornbills in the Philippines.

Table 1. Philippine hornbill genera distributed on each major faunal region or EBA.
Faunal region
Greater Luzon
Greater Mindoro
Western Visayas
Greater Mindanao
Eastern Visayas
Greater Palawan
Greater Sulu

Aceros Anthracoceros Penelopides
0
0
1
0
0
1
1
0
1
1
0
1
0
0
1
0
1
0
0
1
0
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Buceros
1
0
0
1
1
0
0

Total
2
1
2
3
2
1
1

Table 2. List of Philippine hornbill species and subspecies, based on Kemp (1988).
Common name, scientific name
Visayan Tarictic Hornbill, Penelopides panini panini
Ticao Tarictic Hornbill, Penelopides panini ticaensis
Luzon Tarictic Hornbill, Penelopides manillae manillae
Polillo Tarictic Hornbill, Penelopides manillae subnigra
Mindoro Tarictic Hornbill, Penelopides mindorensis
Mindanao Tarictic Hornbill, Penelopides affinis affinis
Samar Tarictic Hornbill, Penelopides affinis samarensis
Basilan Tarictic Hornbill, Penelopides affinis basilanica
Luzon Rufous Hornbill, Buceros hydrocorax hydrocorax
Samar Rufous Hornbill, Buceros hydrocorax semigaleatus
Mindanao Rufous Hornbill, Buceros hydrocorax mindanensis
Mindanao Writhed-billed Hornbill, Aceros leucocephalus
Visayan Writhed-billed Hornbill, Aceros waldeni
Sulu Hornbill, Anthracoceros montani
Palawan Hornbill, Anthracoceros marchei

Faunal region/ EBA
West Visayas
West Visayas
Greater Luzon
Greater Luzon
Greater Mindoro
Greater Mindanao
East Visayas
Greater Mindanao
Greater Luzon
East Visayas
Greater Mindanao
Greater Mindanao
West Visayas
Greater Sulu
Greater Palawan

Plate 1. Rufous Hornbill subspecies, Buceros hydrocorax hydrocorax, B. h. mindanensis and B.
h. semigaleatus (from left to right).

Plate 2. Philippine Tarictic hornbill species, Penelopides manillae subnigra, P. affinis affinis
and P. panini panini (from left to right)

54

A longer period of insular isolation in the Philippines contributes to the high degree of
endemism. BirdLife International recognizes 10 species, treating Penelopides samarensis as a
distinct species (Collar et al. 1999; Benstead et al. 2004). Philippine hornbills essentially
inhabit lowland evergreen rainforests located below 1,000 m elevation. Some species extend
into adjacent mangroves and beach forests, but rarely venture up into montane forest habitats.
All hornbills are key canopy frugivores, selective faunivores, serve as keystone species and are
often dependent on primary and secondary lowland forests. They are obligate cavity-nesters,
with a preference for tall hardwoods, and are thus important as bio-indicators of forest health. It
is apparent that much of the original lowland forests in the Philippine islands has been lost or is
now severely degraded. More than half of the species face serious threats of extinction, with
five species classified as Threatened and two on the Critical list. This paper discusses the
importance of assessing the current status and distribution of Philippine hornbills on each of the
islands, corresponding with the known extent of forest cover. It also discusses the significance
of shifting conservation priorities to island endemic taxa and identifying the factors that affect
insular distribution of Philippine hornbills.

METHODS
Past and current distribution data of Philippine hornbills on each island were collated from
published papers, monographs, museum specimen records, survey reports, direct sightings and
interviews with field biologists and bird-watchers. Recent data was based on records made
within the past 10 years. Records within this period were considered as an indication of extant
taxa, unless otherwise indicated by updated reports. The records compiled for hornbills on each
island were plotted against island size, inclusive faunal region and forest area. Current forest
area per island was based on recent forest cover maps published by ESSC (1998), which
corresponds to what remains of both original lowland and montane forests. Note that the extent
of forest cover noted by ESSC was based on SPOT maps taken 10 years ago and is already out
of date. Habitat types and elevation were also noted for each island. Levels of threat based on
deforestation rates and presence of poaching on selected islands were also noted from recent
survey reports. Accounts of status and distribution of hornbills on each island were enumerated
per taxon, taking note of new island records and known extirpation on islands. Distribution on
islands was evaluated from the number of hornbills present or the lack thereof. Case studies on
key island endemic hornbills from Polillo and Mindoro were described from results of surveys
conducted by the Polillo Ecology Stewardship Project and Mindoro Biodiversity Conservation
Project, respectively.

RESULTS AND DISCUSSION
The Philippines is an archipelago of thousands of islands yet hornbills inhabited only 63 of
them (Table 3). These occupied islands comprise most of the major islands and a few smaller
islands that harbor sufficient tracts of lowland forests. Identifying the number of islands
occupied by hornbills indicates the restrictions in insular distribution for each taxon.
Anthracoceros marchei was most widely distributed with 13 occupied islands known. This high
number results from the many small satellite islands along the Palawan mainland that are
forested, provide refuge and are close enough to allow crossing between islands. Palawan is
also composed of many scattered islands within the faunal region and hornbills were spread
from the Calamianes islands, south through the El Nido islands to the Balabac group. Note that
these island records are limited by currently available data and other islands not yet surveyed
for hornbills may have been overlooked. Buceros h. semigaleatus and B. h. mindanensis
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occupied just more than half as many islands as A. marchei, whereas, Penelopides m. manillae
and P. p. panini were found on just less than half the number of islands. Most of the other taxa
were distributed on only three or four islands and all were restricted within a distinct faunal
region or EBA (Table 3). P. m. subnigra inhabited only two small islands, while three hornbill
taxa were regarded as single-island endemics, the highly restricted P. mindorensis known only
from Mindoro, P. p. ticaensis from Ticao and P. a. basilanica from Basilan. These single-island
endemics are most at risk from their limited distribution, considering that none of these
hornbills are kept in captivity and all are threatened by habitat loss. Comparatively, most of the
other hornbills occupy less than five islands and are also at some risk given the limitations of
island size and forest cover. Even though a species may historically have occurred on three or
more islands, current data may indicate that the species had been extirpated on most of the
islands within its range, as with Anthracoceros montani and Aceros waldeni.
Table 3. Number of islands occupied by each Philippine hornbill taxon.
Hornbill taxa
Number of Island/s
Penelopides mindorensis
1
Penelopides panini ticaensis
1
Penelopides affinis basilanica
1
Penelopides manillae subnigra
2
Anthracoceros montani
3
Buceros hydrocorax hydrocorax
3
Penelopides affinis affinis
3
Aceros waldeni
3
Aceros leucocephalus
4
Penelopides affinis samarensis
4
Penelopides manillae manillae
5
Penelopides panini panini
6
Buceros hydrocorax mindanensis
7
Buceros hydrocorax semigaleatus
7
Anthracoceros marchei
13

Remarks
Island endemic
Island endemic
Island endemic
Island endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic
Regional endemic

STATUS AND DISTRIBUTION OF PHILIPPINE HORNBILLS
The status and distribution of each of the 15 endemic taxa of Philippine hornbills are
enumerated in the following tables, indicating the previous, current and potential distribution of
each taxon within a particular island group of faunal region. The estimated area, if available, for
the inclusive islands and their remaining forest cover, mostly original forests based on the
records of ESSC (1998), is included. The current status of the hornbill taxon is also classified as
either extant, extirpated or absent. The accounts for each taxon follow the sequence of Table 2,
with data on status and distribution summarized in a table and illustrated on a map (Penelopides
tarictic hornbills Tables 4-11 & Fig. 3; Buceros rufous hornbills Tables 12-14 & Fig. 4; Aceros
writhed-billed hornbills Tables 15-16 & Fig. 5; Anthracoceros pied hornbills Table3 17-18 &
Fig. 6).
Table 4. Status and distribution of the Visayan Tarictic Hornbill Penelopides panini panini
Island
Panay
Negros
Guimaras

Area (ha)
1,164,725
1,288,665
59,979

% Forest cover
9.2
4.18
0
56

Status
Extant
Extant
Definitely extirpated

Table 4 continued
Pan de Azucar
Sicogon
Masbate
326,816
Boracay
Calagna-an Gigantes islands
Cebu
441,718

0
0.45

Possibly extirpated
Possibly extirpated
Barely extant
None but captive specimens observed
Unconfirmed reports
Possible historical accounts
No known historical accounts

Figure 3. Distribution of Penelopides tarictic hornbills in the Philippines.
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Table 5. Status and distribution of the Ticao Tarictic Hornbill Penelopides panini ticaensis
Island
Ticao

Area (ha) % Forest cover
33,202
0

Status
Definitely extirpated

Table 6. Status and distribution of the Luzon Tarictic Hornbill Penelopides manillae manillae
Island
Area (ha) % Forest cover
Luzon
10,531,460
24.02
Marinduque
91,534
0
Alabat
Catanduanes
148,560
25.03
Palaui
Maricaban
Verde
Batan-CagrarayRapu-rapu
-

Status
Extant
Extant
Extant
Extant
Extant
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts

Table 7. Status and distribution of the Polillo Tarictic Hornbill Penelopides manillae subnigra
Island
Polillo
Patnanungan
Palasan
Karlagan

Area (ha) % Forest cover
65,169
1.97
-

Status
Extant
Extant
Possible historical accounts
Unconfirmed reports

Table 8. Status and distribution of the Mindoro Tarictic Hornbill Penelopides mindorensis
Island
Mindoro
Semirara
Ilin

Area (ha) % Forest cover
996,322
8.27
-

Status
Extant
Possible historical accounts
Unconfirmed reports

Table 9. Status and distribution of the Mindanao Tarictic Hornbill Penelopides affinis affinis
Island
Area (ha) % Forest cover
Mindanao
9,487,461
28.96
Siargao
44,356
0.49
Dinagat
82,581
34.07
Balut
Bucas (grande)Talicud
Samal
25,815
0
Sarangani
Pujada (Pujeda)Olutanga
Pangapuyan Poneas
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Status
Extant
Extant
Extant
None known
Extant
None known
Possible historical accounts
Unconfirmed reports
Extant
Possible historical accounts
Possible historical accounts
Extant

Table 10. Status and distribution of the Samar or East Visayan Tarictic Hornbill Penelopides
affinis samarensis
Island
Samar
Leyte
Bohol
Panaon
Buad
Calicoan
Biliran
Basiao
Limasawa
Manicani
Maripipi
Lapinin
Homonhon

Area (ha) % Forest cover
1,268,937
33.26
712,365
12.55
381,019
4.34
51,055
19.79
-

Status
Extant
Extant
Extant
None known
None known
Possibly extirpated
Extant
Possible historical accounts
Possible historical accounts
Possible historical accounts
Unconfirmed reports
Possible historical accounts
Possible historical accounts

Table 11. Status and distribution of the Basilan Tarictic Hornbill Penelopides affinis basilanica
Island
Basilan

Area (ha) % Forest cover Status
123,950
9.6
No recent records

Table 12. Status and distribution of the Luzon Rufous Hornbill Buceros hydrocorax
hydrocorax
Island
Area (ha)
Luzon
10,531,460
Marinduque
91,534
Alabat
Catanduanes
148,560
Palaui
Maricaban
Verde
Batan-CagrarayRapu-rapu
-

% Forest cover
Status
24.02
Extant
0
Extant
Possibly extirpated
25.03
None known
None known
None known
None known
None known
None known
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Figure 4. Distribution of Buceros rufous hornbills in the Philippines.

Table 13. Status and distribution of the Samar Rufous Hornbill Buceros hydrocorax
semigaleatus
Island
Samar
Leyte
Bohol
Panaon
Buad
Calicoan
Biliran
Basiao
Limasawa
Manicani
Maripipi
Lapinin
Homonhon

Area (ha) % Forest cover
1,268,937
33.26
712,365
12.55
381,019
4.34
51,055
19.79
60

Status
Extant
Extant
Extant
No recent records
Definitely extirpated
No recent records
Extant
None known
None known
None known
None known
None known
None known

Table 14. Status and distribution of the Mindanao Rufous Hornbill Buceros hydrocorax
mindanensis
Island
Area (ha) % Forest cover
Mindanao
9,487,461
28.96
Siargao
44,356
0.49
Dinagat
82,581
34.07
Balut
Bucas (grande)Talicud
Samal
25,815
0
Sarangani
Pujada (Pujeda)Olutanga
Pangapuyan Poneas
Basilan
123,950
9.6

Status
Extant
Extant
Extant
Possibly extirpated
Possibly extirpated
No recent records
Possible historical accounts
Possible historical accounts
Unconfirmed reports
None known
Possible historical accounts
Extant
No recent records

Table 15. Status and distribution of the Mindanao Writhed-billed Hornbill Aceros
leucocephalus
Island
Area (ha) % Forest cover
Mindanao
9,487,461
28.96
Siargao
44,356
0.49
Dinagat
82,581
34.07
Balut
Talicud
Bucas (grande)Camiguin
24,538
6.65
Samal
25,815
0
Sarangani
Pujada (Pujeda)Olutanga
Pangapuyan Poneas
-

Status
Extant
None
Extant
None known
None known
None known
Extant
Possibly extirpated
Unconfirmed reports
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts

Table 16. Status and distribution of the Visayan Writhed-billed Hornbill Aceros waldeni
Island
Area (ha) % Forest cover
Panay
1,164,725
9.2
Negros
1,288,665
4.18
Guimaras
59,979
0
Pan de Azucar Sicogon
Masbate
326,816
0
Boracay
Calagna-an Gigantes islandsCebu
441,718
0.45
61

Status
Extant
Possibly extirpated
Definitely extirpated
None known
None known
None known
None known
None known
None known
None known

Figure 5. Distribution of Aceros writhed-billed hornbills in the Philippines.

Table 17. Status and distribution of the Sulu Hornbill Anthracoceros montani
Island
Area (ha) % Forest cover
Sulu (Jolo)
87,341
1
Tawitawi
51,620
1
Sanga-sanga Simunul
Manuk Manka Bongao
Tandubatu
Tandubas
Sikubung-LatuanDundangan-Baliungan-
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Status
Definitely extirpated
Extant
Definitely extirpated
Possible historical accounts
Unconfirmed reports
Possibly extirpated
Unconfirmed reports
Unconfirmed reports
Possible historical accounts
Unconfirmed reports

Figure 6. Distribution of Anthracoceros pied hornbills in the Philippines.

Table 18. Status and distribution of the Palawan Hornbill Anthracoceros marchei
Island

Area (ha) % Forest cover Status

Palawan
Miniloc
Pangulasian
Lagen
Cadlao
Apulit
Bugsuk
Culion
Coron
Calauit
Busuanga

1,162,977
12,143
97,341

55.9
0
25

Extant
Extant
Extant
Extant
Extant
Extant
Extant
Extant
Extant
Extant
Extant
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Table 18 continued
Linapacan
Balabac
30,704
Talampulan Cabilauan
Capare
Bacbac
Batas
Canon
Malapacao
Matinloc
Malampaya islet <1 ?
Dicabaito
Ramesamey Dumaran
33,849
Pandanan
Ramos
Bancalan
Mantangule -

0
-

Possibly extirpated
No recent records
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts
Possible historical accounts
Extant

0
-

Possible historical accounts
Possible historical accounts
Extant
Extant
Possible historical accounts
None known
None known

SURVIVAL OF HORNBILLS ON THE PHILIPPINE ISLANDS
Hornbills have always been considered as important bio-indicators of forest health and
were often regarded as flagship species for biodiversity conservation. Their inherently restricted
range, recognized dependence on forest habitats and limited requirements for nesting and
foraging, being canopy frugivores, have been a factor in their survival on small island
ecosystems. The survival tolerance of each hornbill taxon was tested, based on the smallest
island size inhabited. The cumulative area of distribution for each hornbill taxon and total
number of islands occupied was noted (Tables 4-18), as was the percentage occupancy (or
insular survival) based on the proportion of islands where the taxon was still extant (Table 19).
Unexpectedly, Aceros waldeni tolerated the smallest island, at 1 km2 (which needs
confirmation), followed by Penelopides p. panini, at 13 km2. Both island sizes represented only
a small fraction of the cumulative area of occupancy. Penelopides mindorensis has the
Table 19. Insular survival and island size tolerance of Philippine hornbills.
Hornbill taxon

Smallest size Cumulative Total Extant in
Percent
tolerated (ha) area (ha)
islands islands
Penelopides manillae subnigra
41
802
2
2
Penelopides manillae manillae
18
115,243
5
5
Buceros hydrocorax hydrocorax
155
113,402
3
2
Penelopides mindorensis
10,460
10,460
1
1
Anthracoceros marchei
38
13,124
13
11
Aceros waldeni
1
25,460
3
1
Penelopides panini panini
13
28,679
6
2
Penelopides panini ticaensis
362
362
1
0
Penelopides affinis samarensis
52
27,658
5
1
Buceros hydrocorax
52
26,909
7
2
Penelopides affinis basilanicus
787
787
1
0?
Penelopides affinis affinis
145
93,027
4
3
Buceros hydrocorax mindanensis
31
93,954
7
4
Aceros leucocephalus
238
93,120
4
3
Anthracoceros montani
484
1,108
4
2
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survival
100
100
67
100
85
33
33
0
20
29
0?
75
57
75
50

largest area of single-island occupancy, being a single-island endemic, whereas the two Luzon
hornbills, Penelopides m. manillae and Buceros h. hydrocorax, both have the largest cumulative
island area of occupancy.
Based on the analysis of previous and recent distribution, overall 55% of the original
islands are still occupied (range by taxon 0-100). Three hornbill taxa can still be found within
most of their original range, having 100% occupancy from confirmed distribution records. Five
hornbill taxa had 51-75% occupancy, another four hornbill taxa had 26-50% occupancy, and
only one Philippine hornbill taxon, Penelopides a. samarensis, with an occupancy of <25%, has
declined drastically in much of its former range. One hornbill taxon, Penelopides p. ticaensis, is
designated functionally extinct, after being definitely extirpated from its former range, while
another taxon, Penelopides a. basilanicus, may also be extinct, although it is recognized as
data-deficient since nothing is known about its status in the wild.
The number of hornbill taxa found on selected small islands in the Philippines illustrates
the relationship between island size and capacity to harbor more than one hornbill taxon (Table
20). Siargao Island, at 347 km2, is the smallest island to harbours the maximum number of three
hornbill taxa, Cali-coan Island, at 52 km2, is the smallest with two hornbill taxa, while Sicogon
Island, at 13 km2, is the smallest island in the archipelago that still harbors one hornbill taxon.
The relationship between island area and number of hornbill taxa indicates that only two
smaller islands (aside from the large Mindanao Island) harbored three different taxa (Fig. 7).
The distribution pattern of islands supporting 1-3 hornbill taxa shows only a handful of islands,
many of which are very small, that are devoid of hornbills (Fig. 8).
Table 20. Number of hornbills per island on selected small islands in the Philippines.
Island

No. of hornbill
species
km2
Sicogon
1
Palaui
1
Pan de Azucar
1
Talicud
1
Calauit
1
Patnanungan
1
Calico-an
2
Buad
1
Linapacan
1
Balut
1
Bucas Grande
2
Alabat
2
Panaon
1
Camiguin Sur
1
Balabac
1
Siargao
3
Ticao
1
Culion
1
Tawitawi
1
Biliran
2
Guimaras
2
Dinagat
3
Polillo
1
Basilan
2
Busuanga
1

Island area
13
18
21
31
38
41
52
54
104
109
145
155
197
238
342
347
362
456
484
498
629
668
761
787
875

Remarks
Possibly extirpated
Extant
Possibly extirpated
No recent records
Extant
Extant
One extirpated, other no recent records
No recent records
Possibly extirpated
Definitely extirpated
One extant, other possibly extirpated
One extant, other possibly extirpated
No recent records
Extant
No recent records
Two extant, one possibly extirpated
Definitely extirpated
Extant
Extant
Both extant
both definitely extirpated
All extant
Extant
Both no recent records
Extant
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Island Area (sq. km.)

Figure 7. Graph of island area for small Philippine islands (less than 1,000 km2) that harbour
one or more hornbill taxa each.
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Number of Hornbill Taxa

Figure 8. Distribution of the number of hornbill taxa on each island in the Philippines,
indicating islands with three (orange), two (blue), one (yellow) or no taxa (clear).
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Conversely, there are small islands in the Philippine archipelago that are known to be devoid of
hornbill taxa, although they could harbour lowland forests and are larger than some of the
islands known to harbour hornbills(Table 21, Fig. 9). Of 28 islands lacking any hornbills, the
Table 21. Selected Philippine islands lacking hornbills and their corresponding island areas
(km2).
Island area
4,318
1,333
828
668
326
233
168
132
104
104
98
93
91
90

Island
Cebu
Romblon
Tablas
Burias
Siquijor
Sibuyan
Camiguin Norte
Lubang
Bantayan
Mactan
Babuyan Claro
Olutanga
Semirara
Itbayat

Island area
78
75
70
54
52
52
49
25
23
22
21
21
16
16

Island
Calayan
Siasi
Batan
Sibay
Cuyo
Dalupiri
Carabao
Tonquil
Calagna-an
Maripipi
Lapinin
Malamaui
Caluya
Sabtang

Figure 9. Philippine islands known or suspected to be devoid of any Philippine hornbill taxa.
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smallest forested island was Sabtang Island, with an area of 16 km2 (larger than the occupied
Sicogon Island of 13 km2) and the largest Cebu Island of 4,318 km2. Most of the islands in the
Philippines that were without hornbills are grouped more or less as either island aggregates or
biogeographical units (Pleistocene islands) within sub-faunal regions. These include the CebuMactan-Olango group, Siquijor Island, the Tablas-Romblon-Sibuyan group, the Babuyan
group, the Batanes group, the Semirara-Ylin group, small NW Panay islands (including
Boracay), the Lubang islands, Burias Island, the Sibutu group, the Siasi-Tapul group, the Cuyo
group, the small isolated Sulu sea islands, the Pangutaran group, the small Tawitawi group, the
small Jolo islands group and the Tonquil group. The absence of hornbills on these islands or
island groups can be due to lack of suitable lowland forest, or simply being too small or too low
in elevation for hornbills. It can also be attributed to the deep channels that produced
Pleistocene relationships, by separating most island groups into faunal regions and sub-regions,
and therefore restricted or prevented colonization through these smaller island groups. For some
islands, the absence of hornbills can be attributed to the lack of surveys, since no studies were
known for birds (or even hornbills) on islands such as Dumaran, Olutanga, Sarangani, Verde,
Maripipi, Sacol, Pata (Jolo), Samal and Malamaui Islands.

FOREST FRAGMENTATION AND PHILIPPINE HORNBILLS
Severe isolation and fragmentation of the original forests is one of the important impacts that is
deleterious to forest hornbill populations worldwide. The survival of hornbills on small fragile
islands with limited forest capacity is even more severe, considering that forest fragmentation is
especially detrimental to small insular ecosystems and particularly the degradation of original
forests for island populations of Philippine hornbills. A selected group of small to large
Philippine islands that harbor hornbills, and the current status of forest cover and hornbill taxa
on each island, enumerates this problem (Table 22). The smallest island, Bugsuk (12,143 ha),
harbored only a single hornbill taxon and the largest, Luzon (10,531,460 ha) had two hornbill
taxa. Eight of the 28 islands (29%) were considered by ESSC (1998) to have no remaining
original forests (Balabac, Bugsuk, Dumaran, Guimaras, Marinduque, Masbate, Samal and
Ticao), with only three (Bugsuk, Dumaran and Marinduque) still retaining extant populations of
hornbills. Only five larger islands retained more than 20% of their original forest cover
(Mindanao, Luzon, Catanduanes, Dinagat and Samar), the latter two with 33-34% forest cover
supporting three and two hornbill taxa respectively. Further analysis of the fragmentation index
and population density of Philippine hornbills on each island would identify relationships
between forest fragmentation and hornbill status.
Philippine hornbills are generally restricted by habitat type, unable to cross wide forest
gaps and thus become isolated in fragmented forests. Conditions necessary for survival on small
insular ecosystems are often a result of restricted habitat types, with further reduction on
inherently small islands where fragmented lowland forests become small islands of habitats
within the island. There is a need to identify the limits to which some species can be regarded
as strictly forest dependent while others can tolerate forest disturbance. Some smaller hornbills
(Penelopides, Anthracoceros) are able to cross between forest fragments and thus persist on
small degraded islands, while observations suggests that large hornbills (Aceros, Buceros) tend
to be less tolerant and thus less likely to cross forest fragments. For example, A. montani, which
is restricted to the Sulu Archipelago and lowland forests, has been able, despite severe habitat
loss, to persist in what few remaining patches of forest are still found on the Sulu islands.
Although it may be less adaptable than A. marchei, both species appears to be tolerant of
disturbance, yet their apparent population declines are still an important conservation concern.
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Table 22. Fragmented forests on isolated islands and status of Philippine hornbills.
Island
Balabac
Basilan
Biliran
Bohol
Bugsuk
Busuanga
Camiguin Sur
Catanduanes
Cebu
Dinagat
Dumaran
Guimaras
Leyte
Luzon
Marinduque
Masbate
Mindanao
Mindoro
Negros
Palawan
Panay
Polillo
Samal
Samar
Siargao
Sulu (Jolo)
Tawitawi
Ticao

Area (ha) % Forest cover
30,704
0
123,950
9.6
51,055
19.79
381,019
4.34
12,143
0
97,341
25
24,538
6.65
148,560
25.03
441,718
0.45
82,581
34.07
33,849
0
59,979
0
712,365
12.55
10,531,460
24.02
91,534
0
326,816
0
9,487,461
28.96
996,322
8.27
1,288,665
4.18
1,162,977
55.9
1,164,725
9.2
65,169
1.97
25,815
0
1,268,937
33.26
44,356
0.49
87,341
1
51,620
1
33,202
0

No. of hornbills
Hornbill status
1
No recent records
2
No recent records for both
2
Both extant
2
Both extant
1
Extant
1
Extant
1
Extant
1
Extant
0
None known
3
All extant
1
Extant
2
Both extirpated
2
Both extant
2
Both extant
2
Both extant
1
Barely extant
3
All extant
1
Extant
2
One extant, other one extirpated
1
Extant
2
Both extant
1
Extant
2
Both possible historical records
2
Both extant
3
two extant, one possibly extirpated
1
Possibly extirpated
1
Extant
1
Definitely extirpated

CONSERVATION STATUS
Seven of the 15 hornbill taxa, or seven of the 10 known species, of endemic Philippine hornbills
are recognized as Threatened and Near-Threatened by IUCN (Collar et al. 1999). Five hornbill
species are listed among the world’s most threatened birds, two species Critically Endangered
(Sulu Hornbill Anthracoceros montani and Visayan Writhed-billed Hornbill Aceros waldeni),
two Endangered (Mindoro Tarictic Hornbill Penelopides mindorensis and Visayan Tarictic
Hornbill P. p. panini) and one Vulnerable (Palawan Hornbill A. marchei). Two Near-threatened
species are also included (Mindanao Writhed-billed Hornbill A. leucocephalus and Rufous
Hornbill Buceros hydrocorax), while the isolated endemic race of the Ticao Tarictic Hornbill P.
p. ticaensis is now considered functionally extinct due to its absence on the island after searches
in recent years (M. dG. Pedregosa pers. comm.). The distribution pattern of these threatened
hornbills in the Philippines includes large and small islands (Fig. 10). The Asian hornbill
conservation assessment and management plan, held at Singapore in 1991, recommended a
larger threatened list for the Philippines, with almost all 15 taxa designated to a threatened
category. Three taxa were recognized as Critical (P. p. ticaensis (possibly extinct), P. m.
subnigra and A. waldeni), six taxa as Endangered (A. marchei, P. mindorensis, P. a. basilanica,
B. h. hydrocorax, B. h. semigaleatus and B. h. mindanensis) and another six taxa as Vulnerable
(A. montani, P. p. panini, P. m. manillae, P. a. samarensis, P. a. affinis and A. leucocephalus).
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Figure 10. Distribution of Extinct, Critical, Endangered, Vulnerable and Near-threatened
hornbills in the Philippines.

There is a need to amend the current conservation status of Philippine hornbills due to
the impacts of island forest fragmentation. We need to consider that all Philippine hornbills are
essentially threatened due to limited range and are now found only in seriously degraded
lowland habitats. We also need to evaluate the endangered status applied to more restricted
species that may have declined in their survival prospects on their smaller island ranges. It is
critical for island endemic taxa to recognize that continued habitat loss threatens the remaining
fragments of forest and that increasingly hornbill taxa are becoming restricted to single islands.
To best exemplify the conservation status of island endemic hornbills, two case studies of
restricted-range hornbill taxa are considered. Their current status and distribution was
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discussed, but other notes on their conservation biology are present as separate poster papers
(this volume).
The Mindoro Tarictic Hornbill is limited to lowland and submontane habitats in the few
clusters of lowland forest fragments that remain on Mindoro Island. Although it is widely
distributed only on this island, it was possibly found previously on other adjacent islands such
as Ylin and Ambulong. The species’ survival can be attributed to its selective tolerance of forest
disturbance, although it appears to be more forest dependent than other species of tarictic
hornbill. The Polillo Tarictic Hornbill had a very limited island distribution, being found only
on Polillo and Patnanungan Islands. It was found in lowland evergreen forests but can tolerate
secondary habitats to some degree, apparently due to limited island size. Although it has a finite
distribution and population on the available island area, and thus a limited carry capacity,
survival potential appears high due to conservation efforts that help protect key habitats,
increase local awareness and stop poaching. It has been elevated to flagship species status and
thus protected.
With nearly all 15 hornbill taxa threatened with extinction, it seems unfortunate that one
has already been lost, even before any conservation efforts were attempted. The Ticao Tarictic
Hornbill was designated as functionally extinct prior to any in-situ conservation measures being
conducted. As a lesson, we need to re-evaluate our efforts before we loose other declining
island endemic races and species, such as Sulu Hornbill, Mindoro Tarictic Hornbill, Basilan
Tarictic Hornbill and Polillo Tarictic Hornbill. Some other island populations have already been
lost, having been extirpated as localized insular populations on Samal, Talicud and Sulu Island.
Although hornbills can persist in secondary forests, agroforests and mangroves, their survival in
disturbed forests depends largely on the degree and forms of perturbation, such as habitat
reduction and poaching. On some islands, such as Polillo, nest conservation and increasing
levels of protection from poaching support the survival of hornbill populations in degraded
forest habitats. Conservation measures need to address the critical small island populations,
especially those with high levels of forest decline that harbor unique endemic taxa.

CONCLUSION AND RECOMMENDATIONS
The remaining forest fragments on each island represent isolated habitats for forest dependent
hornbills with variable tolerance to crossing barriers and habitat gradients. There is a need to
prioritize critical areas, small islands with forests and endemic taxa that exhibit limited
distribution and high fragmentation. Conservation importance should be given to both species
and subspecies, rather than just species, so as not to discriminate against unique island taxa. It
would be necessary to re-assess the conservation status of Philippine hornbills on the basis of
island endemism or increased restriction of island range and degree of forest fragmentation. All
hornbill taxa have inherently restricted ranges that have been substantially reduced in terms of
distribution and population due to countrywide habitat loss. However, each has variable degrees
of threat and its IUCN status needs to be re-evaluated to include all taxa, both monotypic and
polytypic. The lack of concern for subspecies had led to the loss of unique island populations
such as the distinct subspecies of Penelopides panini from Ticao Island.
Small forested islands can still retain satellite populations and surveys have led to new
island records, but these are now isolated and have severely fragmented forests. The value of
lowland evergreen forest over other forest types, such as montane-mossy and beach-mangrove
forests, has been over-rated, due to the preference of most hornbills to lowland forests, although
some species can in fact tolerate submontane forests and mangroves. Tolerance of disturbed
forests was especially true for small hornbills, which can venture into secondary forest habitats
or mixed agroforests, but larger taxa show high intolerance and are more likely to be strictly
forest dependent. Several large forested islands are now known to have been devoid of hornbills
historically, such as Cebu, and the clusters of other island groups significantly separated by
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deepwater channels as Pleisticene aggregates. Conservation research is currently being
conducted on taxa of several islands, such as on Polillo, Mindoro, Negros-Panay and Sulu, but
almost nothing on Basilan, Mindanao-Samar, Luzon and Palawan.
A number of patterns emerged from this analysis of the status and distribution of
Philippine hornbills that posed important insights into hornbill ecology and conservation. The
following issues need further analysis and discussion and are attached here as
recommendations:
1) Reduced habitat size for hornbills on islands or not enough forest habitats for survival
of hornbills. Is it an effect of reduction in number of feeding and nesting trees, or of continued
poaching and reduced genetic variability among populations? What limits the carrying capacity
per island or per cluster of forest fragments?
2) Which species are able to cross water barriers? Some hornbills are already restricted
by biogeographic patterns to particular regions and islands. Which species are able to cross
water between islands versus strict non-water-crossing species? Some, such as the Palawan
Hornbill, cross between small islands in the El Nido group, while others, such as the Rufous
Hornbill, have allopatric population between Bicol and Samar that are separated by a narrow
strait.
3) What factors led to the absence of hornbills on large islands, such as Cebu, and what
influenced islands that harboured sufficient forest habitats but were known historically to be
without hornbills, such as Siquijor, Babuyan, Batanes, Sibuyan and Lubang?
It is also necessary to determine the status of hornbills on some islands that may lead to
new island records. It is necessary to conduct an archipelago-wide field survey on the smaller
forested islands within faunal regions (or EBAs) that are known to harbor hornbills, such as
Greater Luzon, Greater Mindoro, Greater Negros-Panay, Greater Mindanao, Greater Palawan
and Greater Sulu. Alongside these surveys, there is a need to conduct status surveys on small
islands previously recorded with hornbills, to determine if hornbill populations are still extant
or has been extirpated. Both surveys can be done by either direct observations or through
historical accounts from local interviews for islands that have recently lost their hornbills. Only
then can one formulate conservation activities on small islands with extant populations. Finally,
we also need to determine the genetic viability of these island populations, to estimate if the
remaining forests can sustain extant population or require management interventions, such as
strict protection of habitat through designation of new protected areas or captive breeding
measures.
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Hornbill research and conservation in Thailand, led by the Hornbill Project Thailand, has been
active for more than 20 years. The main focuses were the biology and ecology of nesting and
breeding, and habitat utilization. Since 2003, an attempt to estimate population sizes of
hornbills has been launched in three significant protected areas, including Khao Yai National
Park (KYNP), Western Forest Complex (WEFCOM), and Budo-Su Ngi Padi National Park
(BUDO). The target areas differ in size, shape, evergreen forest connectivity and human
pressures. KYNP is mainly a large continuous evergreen forest tract, WEFCOM is composed of
small to large evergreen forest patches mixed with deciduous forest, grassland, and humandisturbed clearings, and BUDO is the smallest evergreen forest patches with a high degree of
human disturbance. The main objectives are to estimate the density of hornbills in evergreen
forest fragments and to set up long-term monitoring of hornbill populations and their habitats to
track changes in these key hornbill conservation areas. We used a point-transect sampling
technique to survey populations. Except at BUDO, a transect line was 9 km in length and
sampling points are located systematically at intervals of 200 m along the transect trail, or 45
points/transect. In total, the numbers of transects and points in each sample area are 12 transects
of 540 points for KYNP, and 10 transects of 450 points for WEFCOM. The BUDO pointtransect design is constrained by its small size and therefore 13 transects of 2 km each with 65
points in total were established. Up to 31 July 2005, two out of six surveys have been
conducted and preliminary hornbill densities calculated. The current results show WEFCOM’s
hornbill density of 75 birds/km2 (95% C.I. of 52-108 birds/km2), KYNP’s of 28 birds/km2 (2138 birds/km2) and BUDO’s of 77 birds/km2 (43-137 birds/km2). The Rufous-necked Hornbill
Aceros nipalensis has the highest density at 35 birds/km2 compared to other species in
WEFCOM. The Eastern Brown Hornbill Ptilolaemus tickelli austeni and Oriental Pied Hornbill
Anthracoceros albirostris comprise the main hornbill density in KYNP at 16 and 15 birds/km2
respectively. Sample sizes are still not enough in BUDO to allow estimation of density by
species. The current results imply a pattern of high density of hornbills in evergreen forest
fragments.
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The Western Ghats biodiversity hotspot in India is threatened by habitat loss and fragmentation,
likely to impact large-bodied, wide-ranging species such as hornbills, as well as endemic
species that have highly restricted geographic ranges and specialised requirements. Four
hornbill species occur here, the Malabar Pied Hornbill Anthracoceros coronatus and Indian
Grey Hornbill Ocyceros birostris (endemic to the Indian subcontinent), Malabar Grey Hornbill
Ocyceros griseus (endemic to the Western Ghats), and the endangered Great Pied Hornbill
Buceros bicornis. One or more species occurs in each major forest type (tropical dry thorn and
deciduous to wet evergreen) in the region.
The present distribution and population status of hornbills was surveyed in 41 Protected
Areas (Wildlife Sanctuaries and National Parks) and over fifteen adjoining Reserve Forests
along the Western Ghats. The survey focused on moist deciduous and evergreen forests up to
1,400 m a. s. l. Hornbill populations were assessed using line-transect surveys at all sites, with
more intensive sampling in selected sites. While the four species occur in all five states along
the Western Ghats (Maharashtra, Goa, Karnataka, Tamil Nadu, Kerala), occurrence and
abundance appeared higher south of southern Maharastra, particularly at altitudes below 900 m.
The Malabar Pied Hornbill occurs more frequently and abundantly in the northern part
of the Western Ghats, with a key conservation area being the Amboli-Madei-Mollem-Dandeli
region spanning three states. The strongholds of Great Pied Hornbill populations appear to be
localised at a few sites in the southern half of the Western Ghats (e.g., Anamalai hills). The
Malabar Grey Hornbill is the most common and widely distributed species along the length of
the Ghats, at least up to central Maharashtra. The Indian Grey Hornbill does not occur on the
Ghats, but was observed at a couple of sites in coastal forests, with the Dangs as the northern
limit of the Western Ghats, and on the Deccan plateau.
Patterns in hornbill encounter rates and abundance along transects are analyzed in
relation to latitude, altitude, and landscape mosaic, to identify factors influencing their
distribution, abundance, and long-term conservation potential. In addition, the concordance in
distribution-abundance patterns of hornbills and the sixteen species of restricted-range endemic
birds of the Western Ghats is assessed. Details of the local and regional population status of
hornbills are presented. Much of the habitat below 900 m is threatened or exists as fragments
outside wildlife protected areas, in reserved forests and village lands. Apart from fragmentation
and continuing degradation of habitats, even within protected areas, proposed policy changes
likely to impact conservation of hornbills in this region are discussed.
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Much genetic research on hornbills has been focused above the level of the species, with major
studies in taxonomy, systematics and hybridization. Comparatively little genetic research,
however, has been conducted at the population level. Given that several large hornbill species
are threatened, and at risk of extinction from habitat fragmentation, this lack of population
genetic research needs to be addressed. Population genetics research on hornbills has the
potential to address questions regarding the historical population structure of hornbill species,
and the effects of habitat fragmentation on population processes. Given information concerning
the historical structure of hornbill populations, the current threatened populations can be
managed in a manner that maintains historical processes, such as gene flow. In this paper we
discuss the application of population genetics research in hornbills, and present the utility of
microsatellite markers in hornbill research. Microsatellites are highly variable molecular
markers that comprise short tandem repeats and have been utilized extensively in conservation
genetics research. Historically, microsatellites have been difficult to develop but recent
advances in technology have allowed rapid development and deployment of microsatellite
markers. Here we present two microsatellite libraries that have been developed for Southern
Ground Hornbills Bucorvus leadbeateri and Southern Red-billed Hornbills Tockus rufirostris
respectively Furthermore, we present preliminary population genetic results for these species
and evaluate the utility of the markers developed for use in other African hornbill species. We
conclude that population genetic research is paramount in the understanding of hornbill
population biology and their conservation.
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Asian hornbills are one of the well-recognized “Old World” bird groups, known for their
unique big beak and casque, and nesting habit. They frequent tropical forests ranging from
India, Southern China, Myanmar, Thailand, and the Philippines to Malaysia and Indonesia.
Their food and feeding habits make hornbills an important agent for seed dispersal of wild
plants and control of insect populations. Therefore, they are good indicators of healthy forests.
Of the 31 species of hornbills in Asia, Thailand is home to 13 species that can be divided into 6
major genera, Rhyticeros, Buceros, Anorrhinus, Anthracoceros, Berenicornis and Rhinoplax,
based on their morphology and breeding behavior. We report here the comparison of Buceros
hornbill DNA using data from the maternally inherited mitochondrial DNA D3 portion of the D
loop in the control region of Great Buceros bicornis and Rhinoceros Hornbill B. rhinoceros,
which were characterized and compared with that of the Helmeted Hornbill Rhinoplax vigil.
Each of these three species carried it’s own unique repetitive sequences. The DNA sequences
revealed the distinction among these three hornbill species, hence confirming their different
taxonomic grouping.
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The forests of Thailand support 13 Asian hornbill species, which consist of six major generic
groups, Anorrhinus, Anthracoceros, Berenicornis, Buceros, Rhinoplax and Rhyticeros. Their
classification is based on morphology and breeding behavior. While based on the mentioned
criteria, Rhinoplax vigil or the Helmeted Hornbill, possessing a relatively large casque, was
once classified into Buceros spp. In this report, we applied the molecular method of DNA
sequencing in search of Buceros DNA for comparison. The DNA data of Buceros bicornis, B.
rhinoceros and Rhinoplax vigil were aligned using the cytochrome b gene sequences. These
three hornbill species were grouped as closest relatives. Although, there was a small variation
of DNA sequences among them, however, Rhinoplax is confirmed for its own generic
characteristics. The characterization of the D loop region of the mitochondrial DNA also
convinced the differentiation of the concealment among these related groups. Therefore, we
support and propose that the Helmeted Hornbill remains as the genus Rhinoplax.
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ABSTRACT
Hadiprakarsa, Y., Kinnaird, M. F., Iqbal, M. & O’Brien, T. G. 2007. Effects of forest fragmentation on
hornbills across the southern Sumatran landscape. In: Kemp, A. C. & Kemp, M. I. (eds). The Active
Management of Hornbills and their Habitats for Conservation, pp. 80-91. CD-ROM Proceedings of the
4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.
Between 1980 and 2000, more than 3,580 km2 of natural forest was lost within Lampung Province of
southern Sumatra, Indonesia, resulting in a high level of forest fragmentation. We examined how the
degree of forest fragmentation, resource availability, and anthropogenic forest disturbance affected the
abundance and distribution of hornbill communities in southern Sumatra, Indonesia. We surveyed 18
forest patches, ranging in size from 1.5 to 1,495 km2 and composed of lowland and hill forest. Line
transect methods were used to examine hornbill distribution and abundance, resource availability, and
forest disturbance. The differences in resource availability and forest disturbance between patches were
not significant. Hence, the disparity of hornbill densities among forest fragments does not reflect
differences in the density of hornbill resources, although hornbill densities may reflect numerical
differences in resource abundance. All nine species of Sumatran hornbills were recorded during the
survey, with at least one species sighted in every forest patch. Only four species (Rhinorceros Buceros
rhinoceros, Wreathed Aceros undulatus, Bushy-crested Anorrhinus galeritus and Helmeted Hornbill
Rhinoplax vigil) were relatively widespread and common, occupying 94% of sampled forest patches.
Three species were too rare to develop density estimates in any forest patches. The number of hornbill
species observed was positively related to fragment size. Small-bodied, territorial hornbills were
sensitive to increasing forest isolation, whereas large-bodied, non-territorial hornbills declined with
decreasing forest size. These results indicate the importance and inter-relationship of forest size and
distance between forest patches for hornbill communities.
*

Author for correspondence: hadiprakarsay@warnell.uga.edu

INTRODUCTION
Many studies have indicated that forest
fragmentation can be linked to a reduction
of bird community richness (Villard et al.
1999; Telleria et al. 2003; Sodhi et al.
2005), distribution (Walert et al. 2004;
Veech 2006) and abundance (Lampila et al.
2005; Stouffer et al. 2006), and, in extreme

cases, to species extinction (Newmark
1991; Stratford & Stouffer 1999; Casteletta
et al. 2000; Fisher & Lindenmayer 2005).
Tropical bird communities in particular
have responded negatively to habitat
degradation and fragmentation (Terborgh &
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Winter 1980; Lambert & Collar 2002;
Adeny et al. 2006; Winarni et al. 2005).
Although many studies have
investigated the effects of forest
fragmentation on birds, most of these
studies have come from the Neotropics
(Stratford & Stouffer 1999; Stouffer et al.
2006), concentrated on understory species
(Stouffer & Bierregaard 1995; Laurance &
Bierregaard 1997) and examined relatively
few forest patches (McGarigal & McComb
1995; Lee et al. 2002). Little is known
about the effects of fragmentation on large,
canopy-dwelling, and wide-ranging species,
especially those in the Asian tropics
(Bierregaard et al. 1992; Laurance &
Bierregaard 1997).
Asian hornbills are large-bodied
(0.5-2.5 kg), highly frugivorous (Leighton
1982, 1986; Kemp 1995; Kinnaird et al.

1998; Hadiprakarsa & Kinnaird 2004) and
move long distances on a daily basis (Tsuji
et al. 1987; Suryadi et al. 1998; Table 1).
They tend to require large areas to fulfill
their daily needs for food and nesting.
Hornbills may be able to survive in small
forest blocks and in disturbed habitats
(Lambert 1992; Datta 1998; O’Brien et al.
1998; Raman & Mudappa 2003) but this
ability varies among species according to
habitat needs, landscape configurations, and
dispersal abilities. Few studies have directly
addressed
the
effects
of
habitat
fragmentation at the landscape level on
Asian hornbills. Those studies that have
considered mainly the impact on one or two
species
in
predominantly
forested
landscapes (O’Brien et al. 1998; Raman &
Mudappa 2003; Sitompul et al. 2004).

Table 1. Common and scientific names, size (mass), ranging patterns and conservation status
of hornbills occurring on Sumatra.

Scientific Name

Common Name

Aceros corrugatus

Wrinkled Hornbill

Aceros undulatus

Wreathed Hornbill

Berenecornis comatus

White-crowned Hornbill

Buceros bicornis

Great Hornbill

Buceros rhinoceros

Rhinoceros Hornbill

Rhinoplax vigil

Helmeted Hornbill

Anorrhinus galeritus

Bushy-crested Hornbill

Anthracoceros albirostris

Oriental Pied Hornbill

Anthracoceros malayanus

Malay Black Hornbill

Conservation Status2

Mass/ranging
pattern1
1.3 – 1.6 kg
Non-territorial
1.9 – 2.5 kg
Non-territorial
1.3 – 1.4 kg
Territorial
2.6 – 3.4 kg
Non-territorial
2 – 2.9 kg
Non-territorial
2.5 - 3.1 kg
Non-territorial
0.9 - 1.2 kg
Territorial
0.6– 0.7 kg
Territorial
0.6 – 1 kg
Territorial

1

INDO

IUCN

CITES

P

NT

II

P

NT

I

P

LC

II

P

NT

I

P

NT

II

P

NT

I

P

LC

II

P

LC

II

P

NT

II

Kemp (1995). 2INDO – Protected (P) by Indonesia Natural Resources Act No. 5, 1990 and
Indonesia Government Regulation No. 7, 1999; IUCN – 2006, International Union for the
Conservation of Nature, Red Data status (P = Protected; NT = Near Threatened; LC = Least
Concerned); CITES – Council for International Trade of Endangered Species, Appendix listing.
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Poor forest management throughout
Indonesia in the 1980s and 1990s resulted
in a high level of deforestation across much
of the archipelago, creating a landscape of
scattered forest patches surrounded by
human modified habitats (Bierregard et al.
1992; Laurance & Bierrergard 1997). The
island of Sumatra has experienced the
highest rate of deforestation in the
archipelago (World Bank 2001) and
deforestation affects all major protected
areas on the island. Since mass human
migration from Java in the 18th and 19th
century, Lampung Province of southern
Sumatra has witnessed the clearance of
large tracts of forest for conversion into
plantation and agricultural land (Benoit
1989, Gaveau et al. 2007). In addition, as
one of Indonesia’s largest coffee producing
regions, much of the upland forest has been
converted to coffee growing. (O’Brien &
Kinnaird 2003). As a result, forest cover in
Lampung declined by approximately 44%
between 1985 and 1997, the second highest
rate for any Sumatran province (World
Bank 2001). This forest loss is severely
reducing habitat for hornbills and other
wildlife in the Province (Kinnaird et al.
2003; Hedges et al. 2005). Lampung’s

hornbill populations are believed now to be
restricted to two large protected areas, Bukit
Barisan Selatan National Park (BBSNP)
and Way Kambas National Park (WKNP;
van Marle & Voous 1988; Thiollay 1995;
O’Brien & Kinnaird 1996), although there
have been no systematic surveys to confirm
this.
To understand better the impact of
forest fragmentation on hornbills, we
examined the distribution and abundance of
hornbills in forests across the Lampung
landscape. We combined field surveys with
a GIS analysis to assess how hornbill
communities responded to forest size and
degree of isolation. We predicted that small
forest patches would support lower hornbill
densities and less diverse communities than
large patches, although, this would be
influenced by the availability of dietary
resources within those patches and by
proximity to large forests, especially
national parks. We predicted that smaller
territorial species would be less sensitive to
patch size than larger non-territorial
hornbills, because they have smaller home
range requirements. However, small
territorial species may be more sensitive to
patch isolation than larger species.

METHODS
distance from a source patch. A source
Forest patch selection
forest was considered as any patch greater
We conducted our surveys from JanuaryAugust 2003 in 18 forest patches across
than 500 km2. Only two forest patches
satisfied this criterion, the north and south
Lampung Province, Sumatra (centered on
3o 45’ S and 103o40’ E; Fig 1). The annual
fragments of BBSNP. Forest patches were
rainfall was 2,000–4,000 mm and
grouped into three size classes and two
temperature range 20–34o C. Remnant
isolation categories: small (<10 km2),
lowland (<500 m a.s.l.) and hill (500-1,000
medium (10–50 km2) and large (> 50 km2),
m a.s.l.) forest patches were identified from
and close to or far from the source forest.
LANDSAT MSS images from 1980 and
We then randomly selected 18 of 34 patches
Thematic Mapper 7 images from 2000. We
to sample, with roughly an equal number of
defined a forest patch as any area of closed
forest patches in each size and isolation
canopy forest greater than 1 km2, and
category. About 90% of the surveyed forest
patches under 1 km2 were not analyzed. We
patch remnants were under some form of
used Principal Component Analysis (PCA)
protected management status, ranging from
to characterize forest patches according to
nature forest reserves to national parks.
size of patch, size of nearest neighboring
Only one patch had the status of a limited
patch, distance to nearest neighboring
production forest (Table 2).
patch, the number of patches that serve to
connect a forest to the source patch, and
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Table 2. Walk effort according to patch size and forest status in sampled areas, Lampung Province.

No

Forest Patch

Protection
Status*

Size
(km 2)

Category §

Transect
Length (km)

Number of
Transect

Repetition

Walk Effort
(km)

1

Bukit Barisan Selatan (North)

NP

1109.0

O

4

2

4

16

2

Bukit Barisan Selatan (South)

NP

1495.0

O

22.2

11

4

104

3

Gunung Tanggang

NR

8.5

S

2

1

4

8

4

Gunung Seminung

NR

8.2

S

2

1

4

8

5

Air Naningan Kecil

NR

4

S

2

1

4

8

6

Mulang Mayang

LF

1.5

S

2

2

4

8

7

Gunung Betung

NR

6.2

S

2

1

4

8

8

Lima Kunci

NP

2.9

S

2

1

4

8

9

Gunung Pesawaran

NR

14.6

M

3

2

4

12

10

Gunung Pesagi

NR

49.2

M

4

2

4

16

11

Gunung Rajabasa

NR

11.6

M

3

2

4

12

12

Gunung Tanggamus

NR

26.5

M

2.7

2

4

10.8

13

Gunung Sekincau

NP

20.6

M

2.4

2

6

14.4

14

Batu Tegi

NR

131.3

L

5.74

2

4

23

15

Tangkit Tebak

NR

74

L

4.2

3

4

16.8

16

Ulu Belu

NR

69.1

L

3

2

8

24

17

Way Kambas

NP

461.5

L

25

15

17

70

18

Lombok Area

NP

166.9

L

6

3

6

24

Grand Total Walk Effort
*NP = National Park; NR = Nature Reserve; LF = Limited production forest O = Source area; S = Small; M = Medium; L = Large.
§
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391

Figure 1. Location of Lampung Province in Indonesia and survey location.
walked and transect length varied according
to forest size category (Table 3). Each
transect was walked in the morning (06:0010:00 hrs) and afternoon (13:00-17:00 hrs)
on at least two days.

HORNBILL DISTRIBUTION AND ABUNDANCE
We used standard line transect methods
(Buckland et al. 2001) to examine hornbill
abundance, habitat disturbance and resource
availability. The numbers of transects

Table 3. Estimated density (+S.E.) and number of observations (n) of Sumatran hornbills
categorized by forest patch size.
Forest Patch Size
Species
A. galeritus*

Small
0.13±0.22; n = 3

Medium
0.56±0.85; n = 6

Large
0.20±0.37; n = 5

Source
0.83±0.66; n = 28

A. corrugatus

nd

nd

0.35±0.42; n = 12

B. comatus*

nd

nd

0.34±0.29; n = 2

0.84±0.13; n = 2

A. undulatus

0.48±0.17; n = 15

0.16±0.24; n = 3

0.16±0.24; n = 34

0.84±0.10; n = 30

B. rhinoceros

0.77±0.79; n = 29

0.14±0.20; n = 6

0.23±0.24; n = 97

0.95±0.15; n = 160

R. vigil

0.48±0.77; n = 1

0.86±0.76; n = 41

0.78±0.11; n = 52

nd

*Density estimates of groups/km2, nd = No data
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When we detected hornbills we recorded:
(1) time, (2) initial cue (visual, vocal or
wing beat), (3) species, (4) number of
individuals, (5) distance and (6) angle form
observer. Due to hilly terrain in most
surveyed areas, we also recorded the line
transect bearing when the transect line was
not straight. To determine presence and
absence of hornbills within forest patches,
we combined line transect data with ad
libitum observations from this survey, and
from a primate survey of gibbon and
siamang that was conducted at the same
time.

humans, the number of large trees that were
logged, and by determining canopy
openness at 200 m intervals along transects
using a spherical densiometer.
DATA ANALYSIS
We used DISTANCE 4.2 (Buckland
et al. 2001) to calculate density estimates
for seven of the nine hornbill species
recorded. Due to insufficient data, we could
not generate density estimates for Malay
Black and Oriental Pied Hornbill in any
patches, White- crowned hornbill densities
were estimated for a few forest patches but
based on so few sightings that they may be
overestimates, and Wrinkled Hornbill
densities were estimated only for WKNP.
We combined densities for small territorial
hornbills (Bushy-crested, White-crowned,
Oriental Pied and Malay Black Hornbill)
and for large non-territorial hornbills
(Rhinoceros, Helmeted, Great, Wreathed
and Wrinkled Hornbill), to examine the
influence of patch size and isolation on the
two hornbill size groups using multiple
linear regressions analysis (Zar 1999). To
measure the degree of resource availability,
we calculated density of hemi-epiphytic figs
and potential nest sites. We used Analysis
of Variance (Sokal & Rohlf 1981) to
evaluate habitat disturbance and resource
availability between forest patches.

HORNBILL RESOURCES AND HABITAT
DISTURBANCE

As transects were identified and marked, we
assessed hornbill resources and habitat
disturbance within the forest and adjacent to
each transect. Because of the importance of
hemi-epiphytic figs (Ficus spp.) in hornbill
diets (Kinnaird et al. 1996; Hadiprakarsa &
Kinnaird 2004), we counted reproductivesized fig trees within 15 m on either side of
the transect. We also counted potential nest
sites, defined as trees with a diameter at
breast height (DBH) of greater than 65 cm
(Kinnaird & O’Brien 1999), within 15 m on
each side of the transect. Anthropogenic
habitat disturbance was evaluated by
counting the number of trees cut by

RESULTS
The analysis of remote sensing images
showed that forest cover in Lampung
Province declined dramatically (47%)
between 1980 and 2000, from 7,652 km2 of
total forest cover in 1980 to 4,066 km2 in
2000. The number of forest fragments
doubled between 1980 and 2000 from 30 to
60 (including fragments less than 1 km2 in
area). At the same time, the size distribution
of forest fragments declined. In 1980 the
forest size distribution ranged from 4.5 to
2,060 km2, whereas in 2000 the size
distribution ranged from 0.1 to 1,495 km2,
and almost half of the new forest fragments
were <1 km2 in size. Furthermore, some

forest blocks present in
disappeared entirely by 2000.

1980

had

HORNBILL DISTRIBUTION AND DENSITIES
We recorded all nine species of Sumatran
hornbills during the survey, with at least
one species recorded in every forest
fragment surveyed (Fig. 2). Southern
BBSNP (1,495 km2) had the highest species
richness, with seven species recorded, and
Gunung Seminung (8.17 km2) had the
lowest, with one species. From a total of
366 hornbill observations, 28% were
identified visually and 72% were identified
by calls or wing beats. The large wideranging species occupied the most forest
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5

Non-territorial
4

Territorial

3

2

1

0
Source

Large/near

Medium/near

Small/near

Large/far

Medium/far

Small/far

Forest category

Figure 2. Total number of hornbill species observed in each category in sampled areas,
Lampung Province.

estimated only for groups, because we did
not conduct counts of complete groups
during the survey. Density estimates for all
species averaged less than 1 bird/km2 or 1
group/km2 across all forest sizes. Precision
of estimates was relatively low (CV range
12 – 169%, X̄ CV = 99%) due to small
sample sizes in many surveys. Hornbills
tended to be more abundant in the source
forests compared to other forest patches.
Because of small sample sizes, we
combined the density of large hornbills and
of small hornbills to compare effects of size
and isolation. We found that the density of
small hornbills declined with increasing
degree of isolation (F2,15 = 3.281, P=0.037),
but that forest size had no effect on density.
In contrast, the density of large hornbills
increased significantly with increasing
forest size (F2,15 = 3.696, P=0.034), while
degree of isolation had no effect. This
suggests that large hornbills are capable of
moving between forest patches in a
fragmented landscape.

patches; Wreathed and Rhinoceros Hornbill
were found in 94% and 89% of the forests,
respectively. Bushy-crested Hornbill was
the most widespread of the smaller
territorial species, found in 56% of the
forests, while the large Helmeted Hornbill
was observed in 39% of the forest patches.
Oriental Pied, Malay Black, Wrinkled and
White-crowned Hornbill were sighted only
once or twice during the survey and
occurred only in the larger source forests.
Overall, species richness was affected by
forest patch size but not by isolation. The
number of hornbill species increased
significantly with increasing patch size
(F2,15 = 12.80, P<0.0001), while degree of
isolation showed no pattern, probably
because small species, except BushyCrested Hornbill, rarely occurred in smaller
forests, and so variation in species richness
depended primarily on the large species.
Because of insufficient records for
Malay Black, Oriental Pied and Great
Hornbill, we did not attempt to estimate
densities for these species. Bushy-crested
and White-crowned Hornbill densities were
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respectively), compared to other forest
patches. In spite of this, we did not find
evidence for a strong relationship of
hornbill densities with fig density, canopy
closure, natural and human disturbance or
the availability of potential nest sites among
forest
patches
(P>0.1).
Therefore,
differences in densities of hornbills in large,
medium or small forest patches did not
appear to reflect differences in the densities
of measured hornbill resources or
disturbance.

HORNBILL RESOURCES AND HABITAT
DISTURBANCE

Most surveyed forest patches were subject
to some level of anthropogenic disturbance.
Intensity of disturbance, as assessed by
evidence of tree cutting per forest patch,
was high in small patches (X̄ = 20.2 counts
S.D. = 18), and large patches showed a high
intensity of logged trees above DBH 65 cm
(X̄ =15.7 trees/ha, S.D. = 22.9). Density of
fig trees, and other tree species with DBH
>65 cm, was relatively high within small
patches (X̄ = 2.5 and 3.34 tree/ha,

DISCUSSION
Our results indicate that fragmentation of
forests across Lampung Province has
influenced the distribution and abundance
of hornbill species. Over the past twenty
years, the area of forest in Lampung
Province has declined by 47%, the average
forest size has declined by a factor of four,
and the number of fragments has doubled.
As we predicted, the largest forest patches
supported higher densities and higher
species richness than smaller forest patches.
The source forest blocks in BBSNP still
support all nine hornbill species known to
occur on Sumatra, although Great and
Wrinkled Hornbills are quite rare (Kinnaird
unpublished data). Great Hornbill is at the
southern limit of its range in Lampung
Province, while Wrinkled Hornbill is an
extreme lowland specialist and rarely
occurs above 200 m a.s.l.. The next largest
forest patch (WKNP, 462 km2) is a lowland
forest that has fewer resident species than
the BBSNP forests and recently lost the
Helmeted Hornbill. Small territorial
hornbills were conspicuously absent from
most forests, illustrating that small and
isolated forest patches may not retain
species with poor dispersal capabilities
(Brook et al. 2003; Harris & Silva-Lopez
1992; Laidlaw 2000).
These findings agree with previous
studies on Sumba Hornbill (O’Brien et al.
1998; Sitompul et al. 2004) and two Indian
hornbills species (Raman & Mudappa
2003). In these studies, hornbill densities

were higher in large forests and were
related to density and/or diversity of diet
tree species. Small patches were insufficient
to maintain resident hornbill populations.
However, these studies stress the
importance of small forest fragments as part
of a hornbill landscape, providing
additional resources and increasing
connectivity in the landscape.
Forests shared similar levels of
disturbance, and similar densities of fig and
nest tree resources, despite differences in
number and abundance of hornbill species.
This supports the notion that small forests
may simply not support enough trees to
provide a sustaining resource base for a
resident population of hornbills. Kinnaird
and O’Brien (2005) and Kinnaird et al.
(1996) have demonstrated that densities of
large strangling figs affected hornbill
densities in large intact forests, and monthly
variation in hornbill density was related to
the availability of ripe fig fruit. It is possible
that small patches do not contain enough
large fig trees to ensure the adequate
monthly food supply necessary to support
resident populations. In such a situation,
although a small patch might serve as a
temporary source of food or nest-sites, selfsustaining populations would not be
expected.
Hornbill species vary widely in their
ability to cross open areas between forests
and this affects the likelihood that they will
colonize or re-colonize forest fragments.
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Great and Wreathed Hornbill, for example,
fly readily between forest patches and over
agricultural fields, whereas Wrinkled,
White-crowned and Helmeted Hornbill are
forest interior specialists and less likely to
move across open areas. Among small
Sumatran hornbills, only Oriental Pied
Hornbill and, less frequently Bushy-crested
Hornbill, occur on offshore islands that can
only be colonized by flight over open water.
Malay Black Hornbill, by contrast, is
another specialist of the forest interior and
is rarely recorded on offshore islands
(Kemp 1995). The sedentary nature of
territorial hornbills and their dietary
flexibility may make long distance dispersal
less likely or necessary.
Small forest patches may serve as
important habitat when they occur as a
network of accessible forests in a
fragmented landscape. We have little
information of how hornbills move across
fragmented forest landscapes and studies
such as ours do not account for the entire
distribution of trees in the landscape.
Remnant forest patches may provide

stepping-stone resources for local or longdistance movements (Greenberg 1996;
Beier et al. 2002). Very narrow forest
corridors may be sufficient to provide cover
and resting habitat for hornbills on the
move. Newmark (1991) demonstrated that a
200 m wide forest corridor is sufficient for
East African forest birds, and we have
observed Sumba Hornbill using trees in
fencerows as a stopover between forest
blocks. Although corridors may support and
even direct wildlife movement through a
matrix of unsuitable habitat (Levey et al.
2005; Haddad et al. 2003), predicting
whether species will use corridors is
difficult (With 1999), and movement
through a matrix without corridors is
unknown for most species (Bunnel 1999).
We believe however, that expanding
“wildlife-friendly’ habitats, such as agroforestry, forest buffers along streams and
tree-lined
fencerows,
will
facilitate
movement by hornbills between forest
fragments and so support the maintenance
of hornbill communities within fragmented
landscapes for many years.
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ABSTRACT
Kizungu, R. B. 2007. Altitudinal distribution and abundance of hornbills species in Mukowa
primary forest: (Irangi area), eastern Democratic Republic of Congo. In: Kemp, A. C. & Kemp,
M. I. (eds). The Active Management of Hornbills and their Habitats for Conservation, pp. 92103. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge,
Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
Many hornbill species with restricted ranges in lowland forest are also found in the Irangi
area at altitudes of 800-1,100 m a.s.l. With the aim of monitoring their abundance and altitudinal
distribution, surveys were undertaken in Mukowa primary forest, Irangi area, in December 2002
to October 2003. Three study sites were chosen according to their altitudinal range, 800-900 m,
900-1,000 m and 1,000-1,100 m a.s.l.
Using point counts and opportunistic observations while walking on the route of
reconnaissance, I recorded all human activities and their relative frequencies. Four hornbill
species, out of six species known from previous studies to occur in the Irangi area, were also
recorded. These species were Long-tailed (White-crested) Hornbill Tockus (Tropicranus)
albocristatus, African Pied Hornbill Tockus fasciatus, Brown-cheeked Hornbill Ceratogymna
(Bycanistes) cylindricus and Black-casqued Wattled Hornbill Ceratogymna atrata. C. atrata
seemed to be most abundant at all altitudinal ranges, followed by T. fasciatus, with the least
abundant species T. albocristatus. All species were found within all the altitudinal ranges,
although some seemed to exhibit some range preferences. T. fasciatus seemed to prefer 900-1,000
m, T. albocriatatus prefered 1,000–1,100 m, while C. cylindricus prefered both 800-900 m and
900-1,000 m. The densities of these birds within their ranges were also provided by this study.
Due to the increased human population, new areas of land are being claimed for building
and farming, many trees are felled, fires are regularly started and hunting is still widespread. All
these activities are major threats to both hornbill species and forest biodiversity. Conservation
action is needed to minimize damage to the Irangi forest and its wildlife, and environmental
education and outreach programmes must be initiated, with special emphasize on the
conservation of hornbills species.
* Author for correspondence: kbyamana@yahoo.com, robertkizungu@yahoo.fr.
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INTRODUCTION
(Hamilton 1976; Diamond & Hamilton
1980; Harcourt & Fossey 1981).
The status of birds along the
Albertine Rift is not well known
(Dowsett 1985; Prigogine 1985; Collar
& Stuart 1988) and the patterns of their
distribution have not been related to the
environmental factors mentioned above.
Although species lists are available for
most of the Albertine forests, these are
not complete (Britton 1980), partly due
to identification problems (Dranzoa
1997). Most work on Irangi birds has
only comprised surveys in the forests
and savanna (Wilson & Catsis 1990;
Kizungu & Beyers 1994; Kizungu 1996;
Kizungu et al. 1998; Kizungu 2001)
rather than ecological study. This work
attempts to determine the altitudinal
range used by hornbill species found in
the Irangi area and discusses their
abundance, distribution, microhabitat
preferences and conservation.

Mukowa primary forest, a part of Irangi
Forest, is close to the Kahuzi-Biega
National Park, eastern Democratic
Republic of Congo (DRC), belongs to
the Guineo-congolian Biome and is
connected to the Albertine Rift SubRegion. This Sub-region is an Endemic
Bird Area and important for many other
endemic taxa of animals and plants
(Collar & Stuart 1988; Bibby et al.
1992). The high diversity of species and
habitats is due to the phytogeographic
position of the Albertine Rift, a
transition zone between the Guineocongolian, the Lake Victoria mosaic and
the Zambezian regions (White 1983).
Two important factors seem to have
played a significant role in the
distribution
and
composition
of
biodiversity in this Sub-region: natural
events, including the dry Pleistocene
period, eruptions and altitude barriers,
and high human population density

STUDY AREA
Mukowa primary forest (altitude 830–
1,100 m; 1°53´S; 28°27´E) is situated
108 km NNW from Bukavu on the
Bukavu–Walikale-Kisangani
road,
between Bunyakiri and Hombo in the
Irangi Area (alt. 700–1,200 m; 1°59´S;
28°27´E) of the DRC. It has a high
rainfall all year round and is essentially
an equatorial rainforest, with a range of
1,800-2,300 mm/annum and a minimum
only in July-August and JanuaryFebruary. The mean temperature is about
25°C and the area is characterized by the
presence of fog each morning, which
disappears by about 08:00 hrs but affects
bird activities (Kizungu 2001).

Mukowa is a fragmented primary
forest situated in front of the Centre de
Recherche en Sciences Naturelles
(CRSN) forest, an area of about 4 km²
that represents one quarter of the 15 km²
CRSN forest (Fig. 1). Fragmentation of
the forest is due to the increasing human
population, with new areas of land being
claimed for building and farming. Many
large trees are felled to make way for
agriculture and provide timber for
building and smaller trees are regularly
cut for firewood and bushes cleared to
make way for farming. This area of
primary forest has decreased seriously
due to the above reasons.
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Figure 1. Mukowa primary forest is situated in front of the CRSN forest reserve on the
west side of the Bukavu–Walikale–Kisangani main road.
The primary forest at Irangi is
characterized
by
canopy
trees,
dominated
by
Gilbertiodendron
dewevrei,
Julbernardia
sereti,
Cynometra alexandri and Piptadeniastrum africanum, with Puelia
ciliata and Aframomum spp. dominant in
the herb layer and the shrub stratum
characterized by Sapium ellipticum,
Scaphopetalum
thonneri
and
Thomandersia laurifolia (Kizungu &
Beyers 1994). The secondary forest is
dominated by Uapaca guineensis and
Musanga cecropioides trees, by the
shrubs and lianas Macaranga spinosa,
Albizia
gummifera,
Harungana
madagascariensis, Alchornea cordifolia
and A. floribunda, and by under-storey
plants including Costus afer, Sporobolus
sp., Panicum sp. and Setaria sp. Within

the secondary forest are primary forest
patches composed of such characteristic
tree species as Antiaris welwitchii,
Canarium schweinfurthii, Celtis dubia
and
Gilbertiondendron
dewevrei
(Kizungu 2001). In the open areas there
are fish-rearing ponds and gardens that
attract some additional bird species.
The Irangi area exhibits typical
forest fragmentation. The people living
near the forest collect lianas and wood
for house construction, and hunt game,
especially the monkey Cercopithecus
ascanius. The people usually settle at the
foot of hills where they can find water
from rivers and farmland. Among the
rich biodiversity of the forest other than
birds are many plants of the Guineocongolian Region (e.g Gilbertiondendron
dewevrei,
Musanga
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characteristic of lowlands such as C.
ascanius and the otter shrew Potamogale
velox in the Luhoho river (Kizungu &
Beyers
1994;
Kizungu
2001).

cecropioides and Macaranga spinosa),
others endemic to the eastern DRC (e.g.
Polyscias kivuensis) and important
animal species including primates

MATERIALS AND METHODS
CHOICE

and at five further 200 m intervals, I
stopped and counted all the birds seen
and heard for 14 minutes. For the last 10
minutes of each count, I identified all
birds that were seen or heard within an
estimated radius of 25 m of each point,
and all additional birds, mostly heard,
that were beyond 25 m (Kanyamibwa
1992). Eighteen points were counted in
December 2002, 18 in January 2003, six
in March 2003 and 72 in September–
October 2003, giving a total of 114
points counted during the entire field
work.
I recorded the altitude at each
point and assessed the habitat so that I
could analyze possible correlations of
species presence with altitude and
habitat type. I made qualitative and
quantitative measurements of the
following variables (Table 1): altitude in
meters, and the canopy (trees >25m
high), mid-canopy (trees 10-25 m) and
under-storey (trees <10 m) as closed,
moderate or open.

OF SITES BY ALTITUDINAL

RANGE

Three study sites were chosen in
Mukowa primary forest according to
their altitudinal range. Site 1: altitudinal
range 800-900m a.s.l., GPS 1053’04’’S;
28o26’49’’E, Site 2: 900-1,00 m a.s.l.,
1o53’12’’S; 28o26’59’’E, and Site 3:
1,000-1,100 m a.s.l., 1o53’24’’S;
28o27’04’’E.
As in Kizungu (2006), a 1-km
transect line of point counts was set
east–west across the altitudinal range
(from lower to higher altitude).
POINT COUNTS
I established six points at 200 m
intervals along a straight line transect of
1,000 m. Transect and point counts were
oriented in south-north direction through
the Mukowa primary forest, following
protocols delineated by Kanyamibwa
(1992) and Bibby et al. (1998). I walked
the trail south-north through the primary
forest, using a pedometer for distance
and compass for direction. At the start,

Table 1. Ecological characteristics per point count per site.
Site number

1 (800-900 m)
2 (900-1,000 m)
3 (1,000-1,100 m)

Point
count
number
0
1
2
3
4
5

Ecological characteristics and strata
Canopy Mid –canopy Under-storey
Open
Closed
Moderate
Closed
Closed
Open
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Open
Moderate
Open
Moderate
Moderate
Open

Closed
Open
Moderate
Open
Open
Moderate

Altitude
(m)
858
890
932
947
1,025
1,046

DATA ANALYSIS.
Abundance index
Abundance for each species was
calculated by summing the number of
individuals recorded at all points
(Tadesse et al. 2001).

METHODS OF STUDYING CONSERVATION
ASPECTS OF BIODIVERSITY

Data were collected while walking along
all the routes of reconnaissance in
Mukowa primary forest. All aspects and
signs of human activities and their
relative frequencies were noted: traps,
fresh trails, tree cutting and trees burnt
for charcoal, to record where human
activities were most concentrated. Also,
direct observations were conducted in
the field about the people’s needs and
what led them to destroy forests.

Statistical inference
The Chi-squared test was conducted to
analyze microhabitats preferences of
hornbills species (Amponsah et al. 1998;
Fowler et al. 1998).

RESULTS
point, moderately closed at two and open
at three. C. cylindricus and C. atrata
were not observed where the canopy was
open, while T. albocristatus and T.
fasciatus were observed in both closed
and open canopies. I assumed that C.
cylindricus and C. atrata prefer primary
forest microhabitats
with closed
canopies and must be good indicators of
primary forest condition.

FOREST
CHARACTERISTICS
AND
RELATIVE ABUNDANCE OF HORNBILLS
The ecological characteristics and
altitudes were recorded where hornbills
species were observed at Sites 1 (800900 m), 2 (900-1,000 m) and 3 (1,0001,100 m) during point counts (Table 2).
All species were observed at all the
altitudinal ranges.
C. atrata and C. cylindricus were
both widespread, with similar abundance
for each per range of eight-nine and
three individuals respectively. T.
albocristatus seemed to be most
abundant at altitudes of 800-900 m of
altitude, with seven individuals. This
may be because some of them are
primary forest specialists (e.g. C.
cylindricus and C. atrata) while others
(e.g. T. albocristatus) are forest
generalists because they were observed
at the first point count at the ecotone of
the edge of the primary forest and close
to the main road. At three out of six
points the canopies were closed, one was
moderately closed and two were open.
At three points the mid-canopies were
moderately closed and three were open.
The under-storey was closed at one

ALTITUDE AND RELATIVE ABUNDANCE
OF HORNBILLS
Trends in the abundance of hornbills
along the altitudinal range indicated that
each species seems to decrease from the
lowest towards the highest altitude (point
counts 1 up to 5, Fig. 1). C. atrata were
abundant at point counts 1 and 2, while
T. fasciatus were abundant at point
counts 1 and 5. The number of T.
fasciatus
decreased
from
seven
individuals at 800-900 m to four at
1,000-1,100 m, and C. cylindricus from
three at 800-900 m to one at 1,000-1,100
m. The numbers of C. atrata and T.
albocristatus seemed to remain the same
from 800-900 m up to 1,000-1,100 m.
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Table 2. Ecological characteristics, relative abundance of hornbills and altitudes derived
from point counts. A = Bycanistes cylindricus, B = Ceratogymna atrata, C = Tockus
fasciatus, D = Tockus albocristatus.

Sites

1
2
3

Point
count
number
0
1
2
3
4
5

Strata and ecological
characteristics
Canopy
MidUndercanopy
storey
Open
Open
Closed
Closed Moderate
Open
Moderate
Open
Moderate
Closed Moderate
Open
Closed Moderate
Open
Open
Open
Moderate

MICROHABITATS
PREFERENCE
HORNBILLS SPECIES

Altitudes
(m)
858
890
932
947
1,025
1,046

Abundance of
hornbills
A B C D
1
2
0
3
1
0

0
8
6
3
5
3

1
6
1
3
0
4

1
0
1
1
3
0

trees outside closed forest and in gardens
and secondary forest (Table 4).

OF

From the values of χ2 for the frequencies
of hornbills, as generated from point
counts per ecological characteristic and
forest stratum, I observed a statistically
significant difference between the
frequencies of C. atrata, C. cylindricus
and T. fasciatus, provided each stratum
was closed, open or moderately closed
(Table 3). No stastically difference was
observed for T. albocristatus.

THREATS

TO BIODIVERSITY IN

IRANGI

FOREST

Traps encountered along the routes and
taxa recorded as poached from Mukowa
primary forest during this study
indicated threats to forest components
(Table 5, Plate 1). Observations about
the needs of people that led them to
illegal activities in the forests,
demonstrates that most poaching
activities of people in Irangi forest are a
result of famine and poverty. The
restricted-range primate Cercopithecus
ascanius is often poached (see Plate 1)
and constitutes one of their main sources
for food and income.

DISTRIBUTION
OF
HORNBILLS
ACCORDING TO THE FOREST STRATA
Bycanistes cylindricus and C. atrata
were recorded most in the canopy of
primary forest while T. fasciatus and T.
albocristatus were in the mid-canopy of
primary forest, in the canopy of higher
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9
9
8

8

8
7

Abundance

7
6

800-900m
900-1,000m
1,000-1,100m

5
4

4

4
3

3

3

3
2
2
1

1

1
0

Bycanistes
cylindricus

Ceratogymna Tockus fasciatus
atrata
Hornbills species

Tropicranus
albocristatus

Figure 2. Relative abundance of hornbills per altitude range
Table 3. Chi-square calculated from the frequencies of hornbills generated by the point
count method, per ecological characteristic and stratum.
Hornbills species
Bycanistes
cylindricus

Ecological
characteristics
Ecological
characteristics
Chi-Square
(df=2; P=0.05)

Ceratogymna
atrata

Ecological
characteristics
Chi-Square
(df=2; P=0.05)

Tockus fasciatus

Ecological
characteristics
Chi-Square
(df=2; P=0.05)

Tockus
albocristatus

Ecological
characteristics
Chi-Square
(df=2; P=0.05)

Strata
Closed
Moderate
Open
X2 C
X2T
Ccl
Closed
Moderate
Open
X2 C
X2T
Ccl
Closed
Moderate
Open
X2 C
X2T
Ccl
Closed
Moderate
Open
X2 C
X2T
Ccl

Canopy
Obs* Exp*
6
2.33
0
2.33
1
2.33
8.86
5.99,p< 0.05
S
16
8.33
6
8.33
3
8.33
62.88
5.99, p< 0.05
S
9
5
1
5
5
5
6.4
5.99,p< 0.05
S
4
2
1
2
1
2
3
5.99, p> 0.05
NS

* Exp = expected frequencies; Obs = observed frequencies.
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Mid Canopy
Obs* Exp*
1
2.33
6
2.33
0
2.33
8.86
5.99, p< 0.05
S
0
8.33
16
8.33
9
8.33
67.36
5.99, p< 0.05
S
0
5
9
5
6
6
8.4
5.99 ,p< 0.05
S
0
2
4
2
2
2
4
5.99, p> 0.05
NS

Undestorey
Obs* Exp*
1
2.33
0
2.33
6
2.33
8.86
5.99, p< 0.05
S
0
8.33
9
8.33
16
8.33
67.36
5.99, p< 0.05
S
1
5
5
5
9
5
6.4
5.99, p< 0.05
S
1
2
1
2
4
2
3
5.99, p> 0.05
NS

Table 4. Distribution of hornbills according to the forest strata
Hornbills species
Canopy
+
+
-+
-+

Bycanistes cylindricus
Ceratogymna atrata
Tockus fasciatus
Tockus albocristatus

STRATA*
Mid-canopy
+
+

Under-storey
-

*Key: + = Often recorded at the canopy (trees >25m high) and mid-canopy (trees 10-15
m) in the primary forest and secondary forest; -+ = often recorded on the canopy of
higher trees outside closed forest and in gardens and secondary forest

Table 5. Traps encountered along the route of reconnaissance and biological taxa
poached from Mukowa primary forest encountered during this study. Direct observations
about people’s needs, which lead them to illegal activities in the forests.
Taxa

Species

Kind of traps
or
equipment

Type of
trap

Mammals

Cricetomys
gambianus
Cercopithecus
ascanius
Edible mushroom

6 traps

Insects

Terpsiphone
bedfordi
Andropadus
latirostris
Malimbus
coronotus
Butterfly larvae

Fish

Clarias sp.

Fungi
Birds

Trees

Use

Relative
frequencies
of collection

3

Number of
poached
individuals
encountered
1

Food

Frequent

2 guns

2

10

Food

Frequent

None

None

3

Food

None

None

2

Food

Unusual always
got randomly
Unusual

None

None

2

Food

Unusual

None

None

1

Food

Unusual

None

None

Around 2kg

Food

None
Pangas

None
None

2
A lot

Food
Housing,
Fire,

Pangas &
Saws

None

A lot

Embers

Saws

None

Fair

Timbers

Pangas &
Saws

None

A lot

Gardens

Unusual
dependent of the
cycle of
butterflies
Usual
Usual
(domestically
uses)
Usually used
domestically and
for income
Usual, income
and housing
Usual, food +
income
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(1)

(2)

(3)

(4)

Plate 1. Evidence of poaching and other illegal activities in Mukowa primary forest. 1)
poached Cercopithecus ascanius, 2) trap for Cricetomys gambianus, 3) Cricetomys
gambianus trapped by poacher, 4) edible mushrooms taken from Mukowa primary forest
(Photos, Kizungu 2003).

DISCUSSION
ALTITUDINAL

DISTRIBUTION
HORNBILLS SPECIES

MICROHABITAT

OF

PREFERENCE

OF

HORNBILLS SPECIES

From former studies in lowland and
transitional primary forests (e.g.
Stevenson & Fanshawe 2002), the
hornbill species concerned were known
as widespread between 700-1,400 m.
This study provides more details of the
different altitudinal ranges where they
occur as well as their relative abundance.
All four species were encountered at all
ranges from 800m-1,100 m, although
some seemed to exhibit altitudinal range
preferences.

From the significant differences between
the frequencies of C. atrata, C.
cylindricus and T. fasciatus in closed,
open or moderate strata, and no stastical
difference for T. albocristatus (Table 3),
I concluded that C. atrata, C. cylindricus
and T. fasciatus prefer more closed
canopy, moderately closed mid-canopy
and a moderately closed under-storey.
When observing these species in a
primary rainforest, the probability of
seeing them high in the microhabitat fits
with these ecological characteristics. C.
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found in pairs or small families group
and was not uncommon in the canopy of
dense primary forest in Irangi. T.
fasciatus was also found in pairs or small
groups, but occupied primary and
secondary forest on the study site where
they were often encountered working
slowly through the mid-canopy but also
exploiting more open areas to visit
isolated fruiting trees. T. albocristatus
was observed in pairs or family groups
but were scarce in primary forest.
Finally, C. cylindricus was encountered
in pairs or small groups and were rather
local residents of primary forest.

atrata, C. cylindricus and T. fasciatus
must be primary forest specialists, since
they exhibit preference for some
microhabitats in the primary forest,
while T. albocristatus exhibits no
preference for primary forest and must
be either a forest generalist, occurring in
both primary and secondary forest, or its
food supplies sometimes force it to visit
primary forest.
I noted in the Irangi area that T.
fasciatus and T. albocristatus inhabit
lowland forest, as widely reported for the
Congo basin (Kemp 1976; Stevenson &
Fanshawe 2002). C. atrata was usually

CONCLUSION
This study emphasised new knowledge
of the ecology of C. atrata, C.
cylindricus T. albocristatus and T.
fasciatus. This included estimates of
relative abundance and altitudinal and
microhabitat preferences in Mukowa
primary forest, Irangi area, DRC.
Irangi is a non-protected forest
but holds, besides hornbills, other
species restricted to lowland and
transitional areas such as birds
(Terpsiphone bedfordi, Near Threatened;
Francolinus
nahani,
Endangered,
Afropavo
congensis,
Vulnerable;
Pteronetta
hartlaubi,
Vulnerable),
mammals (Cercopithecus ascanius) and

endemic plants (Polyscias kivuensis) that
may be threatened (Prigogine 1985;
Wilson & Catsis 1990; Kizungu 2001).
At least 201 bird species are currently
known from the Irangi area (Kizungu,
2006), about 66 % of the known bird
species in Nyungwe Forest Reserve in
neighbouring Rwanda. Nyungwe is
already a National Park and so an action
plan for conservation of the Irangi forest
is needed to minimize and eventually
halt damage to the forest and its wildlife.
Further studies on the altitudinal
distribution of the four hornbill species
above 1,100 m are also still needed in
the Irangi area.
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Any questions !

University of Dar Es salaam, Tanzania.

A.B. Karekoona

Status of Hornbills (Aves:Bucerotidae) of Tanzania:
A review of avifauna studies conducted in the
Eastern Arc Mountains (EAM).

Baker& Baker 2002,Working checklist 2005,Birdlife International,2004 Kemp in Lum S Poonswad.P ,2005)

9Hornbills of Tanzania are less studied(15 references-3%)

914 species of Hornbills including 3 biome restricted species.

96 biome restricted areas (Guinea-Congo Forests of which 56 of its restricted
range species have been recorded; the Lake Victoria basin with 11 species; the
Afrotropical Highlands with 91 species; the Somali - Masai with 77 species; the
East African coast with 26 species; and the Zambezian biome with 40 species

921 endemics

956 species are of global conservation concern,

91133 species -over 800 residents 200 are regular migrants

980 Important bird areas (IBAs) 25 in the EAM region covering 167,000 km2 (18%
of the land area).

9More threatened bird species in Africa

9Tanzania ranks 45th worldwide (CR + EN species)

Introduction

• Assess distribution & conservation
status
• Predict risks of Extinction
• Suggest possible conservation
priorities

Objectives of the study

Methodology :Searching
The literature

¾(Lulandala,L.L 1998,Fue
2005,Burgess 2001)

¾The biodiversity situation at
threatdue to overexploitation.

¾Habitats for most of hornbills
found in Tanzania and other
endemic fauna and flora

¾One of the 17 most endangered
ecosystems worldwide

¾A group of isolated ancient
mountains (between 180-290
Million Years of age)

The Eastern Arc Mountains (EAM)

Some facts and figures

Faunal values of the EAM

-Periodic Ornithological surveys
and data gathering for ecological
studies of African birds

-Impact of fragmentation upon
understory birds has been widely
studied by Newmark for decades

-nestedness patterns for the 12
mountains.

-Effects of montane area and
isolation

-Most studies have focused on
the patterns of species richness.

(Cordeiro,N.J.1998 Burgess et al 1998 Newmark ,1980, Howell ,1999 Denesen & Lehmberg 1996)

9Long history of forest cover
and environmental stability are
the likely causes of the above
affinities
9Protected forests are facing
over exploitation.

9,birds =10,mammals=11,
Reptiles=23,Amphibians=30 and
a minimum estimate of 256
invertebrate species

9Appx 74 vertebrate species are
strictly endemic to EAM

95,418km2 covered by
forests(40% of the original)

Facts-cont

Avifaunal Studies in the EAM

Bush or wooded country
semi-arid savanna
Bush and open savannas woodland,
Semi-arid savana

Crowned Hornbill (Tockus alboterminatus)
(Ceratogymna bucinator)
( Tockus pallidirostris)

Trumpeter Hornbill

Pale -billed Hornbill

African Grey Hornbill (Tockus nastus)

Northern yellow-billed Hornbill (Tockus flavirostris)

African Red-Billed Hornbill (Tockus
erythrorhynchus)

Von der Deckens Hornbill (Tockus deckeni)

Jacksons Hornbill (Tockus jacksoni)

Southern Ground Hornbill (Burcovus leadbeateri)
cafer

White thighed Hornbill (Bycanistes albotibialis)

Grey-Cheeked Hornbill (Ceratogymna
subcylindricus)

Ruaha Hornbill (Tockus ruahae)-split from T
erythrorhynhus)

Black and white Casqued Hornbill (bycanistes
subcylindricus)

2

3

4

5

6

7

8

9

10

11

12

13

14

Working checklist of birds of Tanzania as of 18th June 2005, Markworth-Praed &Grant (1981) and Kemp,1995)

Britt-Numbers from Birds of East Africa. Britton (ed) 1980. whbk- numbers from hand book of Birds of Africa.

-

-

Moist lowland forest.

Moist lowland forest in west Serengeti and
Kibondo

Woodland, savanna and grassland

Savanna and woodland

Miombo woodlands

Evergreen montane, coastal and riverine forest

Evergreen montane coastal and riverline
forests.

Evergreen interior and edge of montane,riverine
and coastal forests.

Silvery Cheeked Hornbill(Cerotogymna brevis)

1

Habitat

Species

No

Hornbill species of Tanzania

513

518

-

-

528

-

517

518

520

524

525

510

515

501

Britt

500

505

-

-

515

-

507

505

506

504

511

497

509

509

Whbk

Distribution and status of Hornbills in Tanzania

-There is a profound difference in the bird species composition of the
evergreen forest and the cleared areas outside it, of the 294 species in the East
Usambaras only six are really at home in both formations, and of these six
only two may be represented by distinct forms. This is particularly remarkable
since the areas of the forest are continually being reduced by clearings, so
that forest birds must be under pressure” David Lack reviewing a paper by
R.E.Moreau in October 1936 on bird distribution in East Usambara Mts

-Studying changes in habitat quantity and quality is
perhaps one of the important tools in assessing risks
of extinction in species and establishing
conservation policies
(IUCN, 1994)

Threats:
1.Deforestation
2.Habitat fragmentation,
3.Bird trade

Intrinsic

Habitat

Catastrophes

•

•

Intrinsic to the
species
- Evolutionary
patterns
- Adaptability to
changes
- Body
characteristics
- Specific ranging
and foraging
behaviour
Extrinsic to the
species
- Habitat loss
- Hunting pressure
- Climate changes
- Diseases
- Catastrophic
events

Factors governing species extinction (Primack, 2000)

annual deforestation rate
(up to §3%)
 High annual human population
growth (>2.7%)

 High

Extinction in Africa

The area of occupancy is where individuals are
actually found.

The extent of occurrence of a species is where
individuals of the species are likely to be found.

African Forest

•
•
•

•

The EAM forests and
surrounding protected areas
are the major habitats of the
Hornbill species in Tanzania,
they indicate their :
Extent of occurrence
Suitable habitat
Area of occupancy

(Primack, 2000)

Extent of protected areas

n’=AO/ADF

n

 log Ao
.
log(1  r )

An=Ao*(1-r)n

Using the absolute area
deforested (ADF) (Barnes, 1999

To predict the habitat
persistence time using % of
deforestation rate

)

i.e. the surface of suitable
habitat (An) left from current
area of occupancy (Ao) after a
period of n years under a
constant deforestation rate (r)

Predicting risks of extinction using deforestation rate

Density /km 2

34.9

101.5

48.8

34.7

2.6

29.6

43

14.6

5.8

49

11.1

104.6

Country

Tanzania

Uganda

Kenya

South Africa

Botswana

Zimbabwe

Gabon

Eq.Guinea

D.R.Congo

Namibia

Zambia

Malawi

170

400

2000

120

380

3490

540

3020

3160

280

240

120

GNP

Various sources

3.6

3.65

3.1

3.25

2.6

3.09

2.8

1.05

2.7

3.81

3.47

3.68

Growth
%/year

11.3

8.6

12.9

45

-

2.8

79

18.5

5.4

6.2

9.6

15.6

Habitat %
protected

1.6

0.8

03

02

05

05

0.6

0.5

0.2

0.3

0.9

1

% loss 19951999

Examples from selected countries

62

125

100

500

200

200

166

200

500

333

111

100

Persistence
time/years

20,000 Km2 /yr

2%

0.5%

Forest loss under different
deforestation rates

Biome and range restricted species
Food and habitat specialist species
Areas of highest human population density
Highly deforested and less protected areas
Areas where human encroachment and socioeconomic instability are highest.
• Less visited and unvisited areas by
ornithologists e.g. Gologolo mts

•
•
•
•
•

Conservation priorities

(Lulandala 1998 Mbwana,S.B 1993, Newmark 1993b).

More field work is required

The remaining forests be mapped and gazetted as reserves.

Planting for fuel and local timber.

 Corridors for species vulnerable to extinction

Ex-situ alongside the routine in-situ measures.

Recommendations

Village meeting at Sagara
forest

¾Sound conservation practices must occur hand-inhand with alleviating poverty.

¾Their survival and the persistence of their habitat
must be achieved via local, national and international
practical and collaborative efforts

¾Deforestation and habitat fragmentation present
the major threat to Hornbills in the EAM forests.

¾The EAM is a major habitat for Hornbills of
Tanzania.

Conclusions

9Wildlife Conservation Society of
Tanzania

9University of Dar es salaam

9Neil Baker-Tanzania Bird Atlas Project

Alan & Meg Kemp-Conference
Organisers
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The conservation status of hornbill species in Kenya
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ABSTRACT
Musila, S. N. 2007. The conservation status of hornbill species in Kenya. In: Kemp, A. C. & Kemp, M.
I. (eds). The Active Management of Hornbills and their Habitats for Conservation, pp. 135-142. CDROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South
Africa. Naturalists & Nomads, Pretoria.
Habitat loss, the main threat to avifauna globally, has caused a major decline in the habitat, range and
population sizes of hornbill species in Africa. Thirteen species of the family Bucerotidae have been
recorded in Kenya, represented by three genera (Tockus, Bycanistes and Bucorvus). The habitat of the
two species of ground hornbills, Northern Bucorvus abyssinicus and Southern Ground Hornbills B.
leadbeateri, is threatened by cattle overgrazing, land sub-division for settlements, and conversion of
grasslands to subsistence and commercial farming. However, some habitat of B. leadbeateri is relatively
safe, since it occurs under Kenya’s legally protected network of parks and reserves. The forest hornbills,
Crowned T. alboterminatus geloensis, Black-and-white-casqued Bycanistes subcylindricus
subquadratus, Silvery-cheeked B. brevis and Trumpeter Hornbill B. bucinator, have, in the past, faced
widespread removal of the old mature indigenous trees that offer suitable nesting cavities and of other
fruiting tree species that are sources of food for reproductive success and predation avoidance. Closed
canopy forests in Kenya occurs as widely isolated forest fragments and currently cover c. 1.4 million ha,
or 1.7% of the country’s total land area, still falling below the 10% of protected forest cover
recommended for each country by the United Nations. The quality of forest habitat continues to decline
due to uncontrolled illegal selective logging and firewood collection. The ban on logging, abolishment
of forest cultivation and eviction of illicit squatters from government forest have, however, reduced the
pressure on the protected forestland and, if sustained for the next decades, might improve the habitat
quality for forest hornbills. The drylands and savannas, which occupy c. 80% of Kenya’s land area, host
mainly Tockus species, Jackson’s T. jacksoni, von der Decken’s T. deckeni, Eastern Red-billed T. e.
erythrorhynchus, Eastern Yellow-billed T. flavirostris, African Grey T. nasutus and Hemprich’s
Hornbill T. hemprichii, but only small areas of this habitat fall under the protected area network. The
ban on logging in protected forests has now put a lot of pressure on woodlands so that rampant charcoal
burning, firewood collection, human settlement and agricultural intensification are currently degrading
the habitat quality for dryland hornbills. Dryland habitats and the Tockus genus face serious threats,
since vast areas are not formally protected, receive low annual rainfall and so have low rates of
woodland regeneration. Investigations to provide information on the population status, distribution and
breeding ecology of all hornbill species are urgently needed. Additionally, a long-term hornbill
monitoring framework and proactive conservation interventions that target improvement of habitat
quality for hornbill species should be initiated to ensure the long-term survival of these species and other
avifauna in Kenya.
*Author for correspondence: surnbirds@yahoo.com, kbirds@museums.or.ke

INTRODUCTION
The Bucerotidae, due both to their active
behaviour and loud calls, are among the
most conspicuous of birds (del Hoyo et al.
2001). In Africa, hornbill species are

restricted to countries south of the Sahara in
western, eastern and southern Africa. At
least four endemic genera, Tockus,
Bycanistes, Ceratogymna and Bucorvus,
135

because the continent has relatively large
tracts of forest and savanna conserved as
national parks or other conservation areas
(del Hoyo et al. 2001). Unfortunately, the
total area falling under the legally protected
system is small and individuals of many
hornbill species occur outside protected
areas where human activities incompatible to
biodiversity conservation are uncontrolled.
There are 13 hornbill species represented by
three genera (Tockus, Bucorvus and
Bycanistes) recorded in Kenya (Lewis &
Pomeroy 1989). Eight species of the Tockus
genus have been recorded, Jackson’s T.
jacksoni, von der Decken’s T. deckeni,
Eastern Red-billed T. e. erythrorhynchus,
Eastern Yellow-billed T. flavirostris, African
Grey
T.
nasutus,
Crowned
T.
alboterminatus, Pale-billed T. pallidirostris
and Hemprich’s Hornbill T. hemprichii. T.
pallidirostris is considered a wanderer in
Kenya, since it has only a single record, and
repeated searches specifically for the species
have been unsuccessful (Lewis & Pomeroy
1989). The genus Bucorvus has two species,
Northern B. abyssinicus and Southern
Ground Hornbill B. leadbeateri, while the
genus Bycanistes has three species, Blackand-white-casqued
B.
subcylindricus
subquadratus, Silvery-cheeked B. brevis and
Trumpeter Hornbill B. bucinator. The total
number of species found in Kenya represents
57% (13 out of 23) of all hornbill species
occurring in Africa and may be described as
a rich diversity of hornbill species for a
single country.
This paper, which is a review of
available literature, provides information on
the conservation status of hornbill species in
Kenya. It target mainly the types of threats
that are faced by different habitat types
utilised by hornbill species in Kenya by A)
providing a list of hornbill species occurring
in Kenya, B) classifying the hornbill species
in terms of the broad habitat types they use,
C) identifying the threats faced by the
hornbill’s habitats, and D) recommending
the way forward for hornbill species
conservation in Kenya.

have been recognized in Africa. The genus
Tockus, containing the smallest of all
hornbills, is represented by 14 species,
ground hornbills in the genus Bucorvus,
the largest living hornbills, are represented
by two species, while the genera
Bycanistes and Ceratogymna comprise the
true forest hornbills with five and two
species respectively (Fry et al. 1988).
The populations of hornbills across
their entire habitat range have been in
decline (del Hoyo et al. 2001), mainly due
to negative human activities that have
resulted in rampant habitat degradation and
destruction. The factor influencing the
status and conservation of the largest
number
of
bucerotid
species
is
undoubtedly deforestation (del Hoyo et al.
2001). Two crucial factors underlie the
vulnerability of hornbills to deforestation,
first the tendency for nest-holes of
sufficient size to occur in large trees, and
second
that
logging
operations
preferentially target large trees. Therefore,
since the majority of hornbill species live
in the forest, and because they are unable
to withstand the removal of all large trees
from such areas or to persist in degraded
habitats, most of them are in decline (del
Hoyo et al. 2001). Intensification of
agriculture in savanna and woodland
habitats, as well as infrastructure
developments, have led to a massive
decline in the habitat ranges of ground
hornbills (Zimmerman et al. 1996). Apart
from habitat alteration, hornbills are also
threatened by hunting for food and
traditional medicines, and the robbing of
nests for eggs and chicks for the aviculture
trade (del Hoyo et al. 2001). However,
these human activities have not yet had a
serious negative impact on the overall
survival of the Bucerotidae in Africa. For
instances, only two hornbill species in
Africa,
Brown-cheeked
Bycanistes
cylindricus and Yellow-casqued Wattled
Hornbill Ceratogymna elata, are listed as
Near Threatened in the IUCN Red Data list
of species (IUCN 2004). This is probably
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CLASSIFICATION OF HORNBILL SPECIES IN BROAD HABITAT TYPES
Hornbill species in Kenya can be classified
into three major groups in terms of their
broad
habitat
types,
namely
grassland/savanna,
forest
and
woodland/bushland (Lewis & Pomeroy
1989).

FOREST HORNBILLS
Indigenous and plantations forests are the
main habitats for the three typical forest
hornbill species recorded in Kenya, B.
subcylindricus, B. brevis and B. bucinator
(Lewis & Pomeroy 1989; Zimmerman et al.
1996). Tockus alboterminatus is not a true
forest hornbill since it is common in
woodland habitats and on the edges of
montane, riverine and coastal forests.

GRASSLAND/SAVANNA HORNBILLS
Grasslands/savannas, or rangelands, are the
main habitats for the two ground hornbill
species occurring in Kenya, although the
habitat range of the two species does not
overlap. B. abyssinicus is restricted to the
dry grasslands in the northwest tip of
Kenya, around Lake Turkana, while B.
leadbeateri occurs in the moist rangelands,
mostly in southwest Kenya (Zimmerman et
al. 1996 ).

BUSHLAND/WOODLAND HORNBILLS
The drylands in Kenya that are
characteristic of the bushlands and
woodlands are the main habitat for eight
hornbill species, T. jacksoni, T. deckeni, T.
erythrorhynchus, T. flavirostris, T. nasutus,
T. alboterminatus,, T. pallidirostris and T.
hemprichii.

THREATS TO HORNBILL HABITATS
BirdLife International (2000) notes that
habitat loss and degradation are the major
causes of endangerment in birds,
particularly through selective logging,
cutting of timber and smallholder farming.
Therefore, the loss and decline in the
quality of different habitats of hornbill
species in Kenya might eventually
negatively affect the populations of these
species. Fortunately there is currently no
globally threatened hornbill species in
Kenya. Probably this is because hornbill
species occurring in Kenya have a wide
distribution in other Africa countries (del
Hoyo et al. 2001; Fry et al. 1988), large
areas in many Africa countries are included
in the system of legally protected areas (del
Hoyo et al. 2001), and the behavioural traits
of some hornbill species allow them to
adjust to and cope with the frequently
changing conditions of the habitats in which
they live (Fry et al. 1988).
In Kenya, the factors which might
have reduced the negative impact on
hornbill populations are low levels of
subsistence hunting by local communities, a
system of formally protected areas covering

10% of the total land area (Bennun &
Njoroge 1999), and dryland areas sparsely
populated by humans that cover 80% of
Kenya’s total land area (UNEP 1997).
However, this does not mean that hornbill
species are safe, since the rapid loss of their
preferred habitat types currently occurring
in Kenya is definitely causing population
declines. The situation is worsened by the
absence of information from which
effective conservation interventions can be
initiated.
THREATS TO FOREST HORNBILLS AND
HABITATS
Kenya’s forests have been highly degraded
and destroyed in the past. The forest cover
is estimated to be between 1.0% and 1.7%
of the country's area (Musila et al. 2005).
The total cover is far below the 10%
standard recommended by United Nations
for each country. In the past, large scale
charcoal burning, commercial logging
operations, selective tree logging by
communities and firewood collection
targeted the large trees that are preferred by
forest hornbills for nesting and roosting. An
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additional consequence of past deforestation
was fragmentation, further isolation and
reduced habitat quality of many forest sites
in Kenya. Deforestation might also have
reduced the number of fruiting trees
preferred by foraging hornbills. This could
adversely affect the reproductive success of
the hornbills, especially B. subcylindricus
that exhibits nest and roost site tenacity
(Zimmerman et al. 1996). The threat is
exacerbated because forest hornbills prefer
large tall trees for foraging, roosting and
nesting. Unfortunately, suitable trees take a
long time to mature, before they can start
fruiting, attain suitable height for foraging
and roosting, or acquire the cavities
preferred for breeding.
In addition, large forest hornbill
species occur at low densities and require
extensive areas of habitat to support a
viable population (del Hoyo et al. 2001). It
has been estimated that at least 2 000 km2
of tropical rainforest or 50 000 km2 of
savanna is required to support a population
of about 500 breeding pairs of the largest
hornbill species (del Hoyo et al. 2001).
Such extensive contiguous tracts of habitat
are currently unavailable due to the
continuous fragmentation of forest and
woodland habitats in Kenya.
Most western, central and coastal
forests in Kenya occur in areas of high
rainfall and fertile soil and so attract high
human populations that are also growing
rapidly. For instance, human population
density around Kakamega Forest, the only
Guineo-congolian habitat type, is 300-870
persons/km2, with an annual growth of rate
of 2.8%, making it the most heavily utilised
forest in Kenya (Blackett 1994). The
communities adjacent to the forest are very
poor (half of all Kenyans subsist on less
than US$1.00 per day) and currently depend
on the forest as a source of fuel and cattle
grazing. Grazing and firewood collection is
still allowed in forest reserves and illegal
selective logging and charcoal burning,
which have been difficult to control,
continue to affect the rate of forest
regeneration (Musila et al. 2005).

INITIATIVES

TOWARDS

FOREST

CONSERVATION

The ban on forest cultivation and logging,
imposed two years ago by the government
of Kenya, has not been lifted (Musila et al.
2005; Ngweno et al. 2004). Proper
conservation of the forests is expected in
the future since a comprehensive Forest Bill
has been passed by parliament, received the
assent of the President in 2005, and is now
coming into operation. If these positive
initiatives are sustained in the long term, the
habitat quality for the forest hornbills might
improve substantially in future. Forest
hornbills also seem to be relatively
adaptable to the frequently changing
environment in which they occur. To cope
with changes in the habitat quality of the
forest, they feed on a wide variety of
fruiting trees and animal food items, and
cover long distances in search of food, roost
or nest locations. For instance, B. bucinator
is known to range widely, even across dry
savanna, in search of fruiting trees, while B.
subcylindricus has fed on fruits from at
least 41 plant genera (del Hoyo et al. 2001).
The most degraded forest fragment
in Kenya, Chawia in Taita Hill forest, has
the largest and the most consistent
population of B. brevis (Githiru et al. 2005).
It has also been shown that forest hornbills
are able to forage successfully and survive
at reasonable population densities within
selectively logged or secondary forest (del
Hoyo et al. 2001). For instance, B.
subcylindricus uses lone trees outside the
forest for nesting or feeding (Fry et al.
1988), but it should also be noted that
degraded forest habitats have limited
numbers of suitable large trees that can
provide nesting cavities for forest hornbill
species (del Hoyo et al. 2001).
THREATS TO BUSH- AND
HORNBILLS AND HABITATS

WOODLAND

The main current threats to dryland
hornbills in Kenya include charcoal
burning, encroachment for settlements and
agriculture, and firewood collection. The
drylands cover over 80% of the total land
area in Kenya and support 70% of its
wildlife populations (UNEP 1997; Terer &
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which take a long time to mature and often
have suitable cavities for nesting Tockus
species. Charcoal burners then target
sizeable hardwoods that are about to
develop cavities for nesting hornbills, and
in the end charcoal burning is leading to a
massive decline in fruiting, nesting and
roosting trees in the drylands. It has been
estimated that 82% of the urban population
use charcoal as a source of fuel and that of
the c. 2.4 million tonnes of charcoal
consumed annually in Kenya, 60% (1.44
million tonnes) come from rangelands,
bushlands and indigenous forests (Kantai
2002).
Drylands receive low rainfall, have
relatively infertile soils and experience
frequent droughts. These factors make the
regeneration of drylands plants, especially
hardwoods, proceed at a very low rate.
Therefore, it may take many years for cut
dryland woodlands and hardwoods to be
replaced by trees of the size that have
cavities preferred by the hornbill species in
these areas.

Gichuki 2000). A small proportion of the
area of the drylands is formally protected,
and therefore there is no control on the
levels of natural resource exploitation by
the local communities. Before the 1980s,
mainly pastoralist communities inhabited
much of the drylands and practised a
nomadic lifestyle. However, the rapidly
increasing human population, now over 30
million, has led to opening of drylands for
settlements and subsistence agriculture. The
increasing human population has put further
pressure on dryland resources for provision
of firewood, poles and timber extraction.
The rate of fuel wood exploitation is high
and likely to rise in future because the
majority of rural people are very poor and
dependent on firewood for cooking and
lighting.
Local communities in dry areas
practise mainly fallow farming and slashand-burn cultivation. Fallow farming is the
opening of a piece of land for agriculture
and then, after using it for some years,
abandoning it to regain fertility. Slash-andburn cultivation involves indiscriminate
removal of all plant matter and its
destruction with fire. These farming
methods have resulted in widespread
destruction of woodland vegetation, leading
eventually to opening up of large areas
through actual removal of the trees that are
preferred by hornbills as food and nest sites.
One of the greatest contributors to
the loss of dryland habitats for hornbill
species is charcoal burning. It has been
estimated that in Kenya it takes 6-8 tonnes
of wood to produce one ton of charcoal
(Kantai 2002). Therefore a lot of wood is
cut and eventually lost in the production
process of charcoal burning. The ban in
protected forestland, on logging, forest
cultivation and other illegal activities, has
forced charcoal dealers to invade drylands.
Large quantities of dryland hardwoods that
have taken many years to mature are now
being lost to charcoal burning. The problem
is most severe in dry rural areas where
poverty is endemic and that face frequent
rainfall failures and prolonged droughts.
The first trees to be cut by large-scale
charcoal burners are the largest hardwoods,

TOWARDS
WOODBUSHLAND CONSERVATION

INITIATIVES

AND

The woodland and bushland habitats still
cover large areas in Kenya and, compared
to high rainfall areas, have relatively low
human population densities. However, the
increase in the human population in Kenya
will lead to large-scale use of drylands in
the future. A number of protected parks and
reserves occur in the drylands. They can act
as a refuge for hornbill species in future if
the widespread destruction of habitat
outside the protected areas continues. For
instance, the Tsavo Ecosystem, which
comprises of two National Parks, Tsavo
East (c. 11 747 km2) and Tsavo West (9 000
km2), is one of the largest protected
woodland and bushland habitats in Kenya
(Musila 1997). Seven hornbill species have
been recorded within the Tsavo Ecosystem,
Bucorvus leadbeateri, T. erythrorhynchus,
T. deckeni, T. nasutus, T. flavirostris, T.
alboterminatus and Bycanistes bucinator
(Zimmerman et al. 1996). Large protected
conservation areas and Important Bird
Areas (IBAs; Bennun & Njoroge 1999) that
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ground hornbills cover a distance of up to
11 km daily when foraging and have
territory sizes of c. 100 km2. Overgrazed
habitats probably have low food quantities,
which might make ground hornbills spend
more time on foraging and, in the end,
cover large distances and defend very large
territories. This could have serious
implications for the reproductive success of
these hornbill species. This is because the
prey for carnivorous species is usually
relatively evenly distributed across a
habitat, but difficult to find (del Hoyo et al.
2001), especially in degraded areas. Finally,
some habitat of B. leadbeateri occurs within
Kenya’s protected area system (Tsavo
Ecosystem, Masai Mara Game Reserve;
Zimmerman et al. 1996) and might
safeguard the local extinction of the species
in Kenya if the trend of habitat loss outside
the protected areas does not change. The
habitat and range of B. abyssinicus overlaps
both Lake Turkana IBA and the Sibiloi
National Park.

harbour these hornbill species might ensure
their survival in future.
THREATS TO GRASSLAND AND SAVANNA
HORNBILLS AND HABITATS
Large-scale farming resulting in the
removal of native grasslands for wheat
farming in the Rift Valley is the main threat
faced by the habitat B. leadbeateri
(Zimmerman et al. 1996). The rapid
increase in human population, especially in
rangelands, has led to subdivision of once
contiguous vast ecosystems, especially for
human settlements and subsistence farming.
In Masailand as well as other pastoralist
communities the above situation has
resulted in cattle overgrazing. The quality
of the dry and moist grassland habitats
preferred by B. abyssinicus and B.
leadbeateri respectively has been affected.
This might consequently have reduced the
quantity of food available for these
principally carnivorous ground hornbill
species. Del Hoyo et al. (2001) note that

SPECIFIC INTERVENTIONS TO ADDRESS AVIFAUNA CONSERVATION
The
following
interventions
being
undertaken in Kenya, that contribute to
conservation of bird species and the habitats
in which they occur, will help indirectly to
ensure the survival of the recorded hornbill
species:
1. IBAs identified in Kenya are priority
areas for conservation (Bennun &
Njoroge 1999). There are 60 in total
(forest 22, wetlands 18, moist
grasslands 6, bushlands 12, semi-arid
or arid lands 2).
2. Monitoring of IBAs has been initiated
with involvement of key government
stakeholders:
Forest
Department,
Kenya Wildlife Service, and National
Environment Management Authority.
This is done annually, by filling in a
monitoring form per site, and the forms
are used to compile annual IBA status
and trend reports (Musila et al. 2005).
3. Communities
are
involved
in
monitoring of birds and habitat quality

4.

5.

6.

7.

8.
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at two forest IBAs (Kikuyu Escarpment
and Kakamega Forest).
A ban on logging and farming in
forestland, known as the 'shamba’
system.
A halt in forest excisions, together with
removal of squatters from government
forests.
Public awareness to increase forest
regeneration through planting tree
seedlings throughout Kenya.
Regular updates of the electronic Bird
Database Record, based at the
Department of Ornithology, National
Museums of Kenya, with records from
bird watchers and scientists.
Foundation of The Kenya Bird Finder
(see www.worldbirds.org/Kenya), an
Internet-based bird watching system for
local and international bird watchers to
submit and access other people’s bird
records.

A WAY FORWARD FOR CONSERVATION OF HORNBILL SPECIES
1. Detailed ecology, population status,
distribution of, and threats to
Bucorvus leadbeateri.
2. Detailed ecology, ranging patterns,
populations of, and threats to
Bycanistes
subcylindricuss,
B.
brevis, B. bucinator and T.
alboterminatus.
3. The role of forest hornbills in seed
dispersal and forest regeneration.
4. The effects of loss of woodland,
bushland and dryland vegetation
habitats on the populations and
breeding success of Tockus species.
5. Detailed behavioural traits of
Kenya’s hornbill species.
6. Use of collected information to
develop a long-term hornbill
monitoring strategy and recommend
proactive conservation interventions
that target improvement of habitat
quality for all hornbill species.

Though the ecosystem approach of
conserving biodiversity would be a crucial
strategy for conservation of the hornbill
species in Kenya, it would also be vital to
employ species-specific proactive measures.
Of particular priority would be research,
which is currently lacking, that can provide
information for active conservation and
monitoring of the hornbill species. Hornbill
species play a crucial role in the
ecosystems. The forest frugivores play a
key role in forest regeneration through seed
dispersal since they forage on many
different plant species, range widely, and
the seeds they eat do not suffer any damage
in the bird’s digestive tract. Furthermore,
the rapid decline in the forests of
populations of key mammal species that
disperse seeds should lead to detailed study
on bird species involved in seed dispersal.
The following hornbill studies are
recommended in Kenya.

REFERENCES
Bennun, L. & Njoroge, P. 1999. Important Bird Areas in Kenya. Nature Kenya, Nairobi.
BirdLife International. 2000. Threatened Birds of the World. Lynx Edicions and BirdLife International,
Barcelona and Cambridge.
Blackett, H. L. 1994. Forest Inventory Report, No. 3: Kakamega. KIFCON, Nairobi.
del Hoyo, J., Elliot, & Sargatal, J. (eds). 2001. Handbook of the Birds of the World. Vol. 6. Mousebirds
to Hornbills. Lynx Edicions, Barcelona.
Fry, C. H., Keith, S. & Urban, E. K. 1988. The Birds of Africa. Vol. 3. Academic Press, San Diego.
Githiru, M., Lens, L. & Cresswell, W. 2005. Nest predation in a fragmented Afro-tropical forest:
evidence form natural and artificial nests. Biological Conservation 123: 189-196.
IUCN. 2004. Red List of Threatened Species (http://www.redlist.org).
Kantai, P. 2002. Hot and Dry. In:Kantai, P. & Scully, J. (eds). Eco-Forum, pp. 16-22 Environment
Liaison Conservation International (ELCI), Nairobi.
Lewis, A. & Pomeroy, D. 1989. A bird Atlas of Kenya. A. A. Balkema, Rotterdam.
Musila, N. S. 1997. The micro-habitat use of White-browed Sparrow Weaver Plocepasser mahali in
Tsavo East National Park (TENP): Kenya. Unpublished B.Sc. Senior Project Thesis, Moi
University, Eldoret.
Musila, S. N., Ngweno, F., Matiku, P., Bennun, L., Kanyanya, E., Mulwa, R., Mwema, M., Kiragu, A.,
Siele, J., Musina, J., Buckley, P., & Mackekele, J. (eds). 2005. Important Bird Areas (IBAs)
Status and Trends Report 2005. Unpublished Report, Nature Kenya, Nairobi.
Ngweno, F., Otieno, N. & Matiku, P. (eds). 2004. Important Bird Areas Status and Trends 2004.
Unpublished Report, Nature Kenya, Nairobi.
Terer, T. & Gichuki, N. 2000. Community drought coping strategies, tactics and challenges to
sustainable biodiversity management in drylands with a special reference to the Maasai and
Turkana people of Kenya. In: Nikundikwe, A. M. (ed.).Proceedings of the Regional Workshop,
Arusha, Tanzania, pp. 67-77, RPSUD, Dar-es Salaam.
United Nations Environment Programme (UNEP). 1997. In: (Online) World Atlas of Desertification, 2nd
Edition, pp. 50-70. Malombe, promising species from drylands of Kenya for ex-situ
conservation. Royal Botanic Gardens, Kew..

141

Zimmerman, D. A., Turner, D. A. & Pearson D. J. 1996. Birds of Kenya and Northern Tanzania. Russel
Friedman Books, Halfway House.

142

Status and conservation of the hornbills in southern
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ABSTRACT
Balasubramanian, P., Ravi, R., Venkitachalam, R., Maheswaran, B., Krishnakumar, N., Vijayan, V.
S. & Prasad, S. N. 2007. Status and conservation of the hornbills in southern India. In: Kemp, A. C.
& Kemp, M. I. (Eds). The Active Management of Hornbills and their Habitats For Conservation, pp.
143-153. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge,
Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
We studied the distribution, food habits and threats to hornbills in the Western Ghats (8°-21° N; 73º77° E) and Eastern Ghats (11º 30’-22º N; 76º 50’-86º 30’ E) during 1999-2005. Data on food and
nesting habits were based largely on direct observations in the Nilgiri and adjoining hills, Western
Ghats.
Rapid status surveys were done by line transects in 30 Protected Areas and 18 Reserved
Forests in the Western Ghats and eight Protected Areas and 12 Forest Divisions in the Eastern Ghats.
These covered five forest types of southern India and plantations. Of five species of hornbills
reported from southern India, four (Malabar Pied Anthracoceros coronatus, Malabar Grey Ocyceros
griseus, Indian Grey O. birostris and Great Hornbill Buceros bicornis were reported from the
Western Ghats but only two (Malabar Pied, Indian Grey) in the Eastern Ghats. Of 536 hornbills
observed in the Western Ghats, Malabar Grey Hornbills constituted 78%, but of 75 hornbills
recorded in the Eastern Ghats, Indian Grey Hornbills constituted 97%. Great Hornbills were sighted
rarely only in the Western Ghats. Most sightings of Great Hornbill were restricted to evergreen
forests, Malabar Pied Hornbill to lowland riparian forests, Indian Grey Hornbill to dry deciduous
forests and Malabar Grey Hornbill to evergreen and semi-evergreen forests.
Food and feeding habits of three hornbill species indicated their predominant dependence on
figs. Malabar Pied Hornbill consumed 13 species of fruit. The main food during the breeding season
was a fig Ficus benghalensis (57%) and a non-fig Putranjiva roxburghii (21%) and, in the nonbreeding season, the same fig (36%) and the non-fig Strychnos nux-vomica (20%). The Malabar
Grey Hornbill consumed 23 fruit species. During the breeding season the non-figs Actinodaphne
malabarica (30%) and Olea dioica (25%) were the main food, but during the non-breeding season
figs (F. drupacea, F. tsjahela, F. virens) predominated (60%). The Great Hornbill consumed seven
fruit species, mostly the figs, during both the breeding season (F. benghalensis and F. ?drupacea,
78%) and the non-breeding season (F. benghalensis and F. religiosa).
Major threats in hornbill habitats included encroachment for agriculture, occurrence of fire
during onset of the breeding season, impact of livestock grazing on tree regeneration, and poaching
of chicks and adults by the local inhabitants. Awareness programs for the conservation of hornbills
and their habitats have to be intensified. Alternative livelihoods for the tribals may be essential to
reduce their dependence on the forest. Protection of traditional nesting sites from fire and poachers
are required for long-term conservation of hornbills in southern India.
*
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INTRODUCTION
natural cavities in mature forest, they are
likely to be sensitive to large-scale
degradation of their habitat. Poaching of
chicks and adults during the breeding season
also leads to reduction of hornbill
populations in the Western Ghats (Kannan
1993; Zacharias & Gaston 1999). In order to
suggest management strategies for the
conservation of hornbills and their habitats,
the Salim Ali Centre for Ornithology and
Natural History (SACON) initiated a longterm research program on hornbills in
southern India in 1999. The objectives of the
research programs were i) to conduct status
surveys and find out the important hornbill
habitats and sites in southern India, ii) to
study the ecology and find out the preferred
food and nesting tree species, and iii) to
assess threats and suggest strategies for the
conservation of hornbills and their habitats.

Three species can be considered endemic to
India, the Malabar Grey Hornbill Ocyceros
griseus in the Western Ghats, the Narcondam
Hornbill Aceros narcondami confined to
Narcondam Island, and the Indian Grey
Hornbill O. birostris with a wide distribution
over the entire country. Five species are
known from southern India, of which four
species, Malabar Grey, Malabar Pied
Anthracoceros coronatus, Indian Grey and
Great Hornbill Buceros bicornis are reported
from the Western Ghats and three (Indian
Grey, Malabar Pied and Oriental Pied
Hornbill A. albirostris from the Eastern
Ghats (Ali & Ripley 1987).
Hornbills are termed ‘keystone
species’ for the overbearing role they play in
their ecosystems and are one of the chief
‘flagship species’ for conservation of their
regions. As they are large birds, requiring
specialized nesting habitat of large trees with

STUDY AREA

Figure 1. Map showing the study area of the Western and Eastern Ghats in India.
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Status surveys were carried out in the
Western Ghats states of Goa, Karnataka,
Tamil Nadu and Kerala and in the Eastern
Ghats states of Tamil Nadu and Andhra
Pradesh, covering all the states in southern
India (Fig. 1). The Western Ghats (8°-21° N;
73º-77° E) runs along the western coast of
India, over an area of 160,000 km2. The
topography and rainfall gradients produce a
wide range of forest habitats, including
tropical evergreen, semi-evergreen, moist
deciduous, dry deciduous and thorn forest, as
well as grasslands and shola (montane
evergreen forest). The Eastern Ghats, unlike

the Western Ghats, are not a continuous
range of mountains but a series of isolated
hills located between 11o30’-22oN and
76o50’-86o30’E, the major part along the
eastern coast of India and extending 1,750
km over an area of about 75,000 km2. Here
tropical dry deciduous and dry mixed
deciduous forests are the major vegetation
types. Ecological studies on hornbills were
carried out between 1999-2004 in the Nilgiris
(11o 8’-11o 37’ N and 76o 27’-77o 4’ E), an
ancient mountain range of 2,543 km2 on
peninsular India that connects the Western
and Eastern Ghats.

METHODS
poaching activities, tourism and fire.
Agricultural activities and plantations that
occurred as disturbances within transects
were also recorded. The occurrence of
poaching was mainly recorded through
interviews with forest inhabitants and other
local people.

STATUS SURVEYS
Hornbill Census
Rapid status surveys were conducted from
February 2004 to March 2005 in the Western
and Eastern Ghats, covering the states of
Tamil Nadu, Kerala, Karnataka, Goa and
Andhra Pradesh in southern India. In the
Western Ghats, a total of 168 transects were
walked covering 30 Protected Areas and 18
Reserved Forests. In the Eastern Ghats, 84
transects were walked covering eight
Protected Areas and 12 Forest Divisions. For
convenience,
the
Protected
Areas
(Sanctuaries, National Parks and Tiger
Reserves), Reserve Forests and Forest
Divisions are referred to here as
‘Conservation Units’. The line transect
method was adopted for censusing hornbills.
Transects were laid in different habitat types,
namely Tropical Evergreen, Tropical Semievergreen, Moist Deciduous, Dry Deciduous
and Mixed Forests, and Plantations. The total
area surveyed was calculated from the
distance covered and the visibility at each
site. All sightings of hornbills were noted and
the number of individuals, forest type,
altitude, type of disturbance and protected
status of the site were recorded.

ECOLOGICAL STUDIES
Fruit utilization
To know the fruit species consumed by
hornbills during the non-breeding season,
direct field observations were carried out
during daily walks along observation trails at
peak feeding times (ca. 06:30-09:30 hrs and
16:00-18:00 hrs.). When hornbills were
sighted on fruit-bearing trees, we recorded
the flock size and number of hornbills
engaged in feeding. Feeding activity was
recorded per bout of 5 min duration. A total
of 551 bouts and 728 bouts were recorded for
the Indian Pied and Malabar Grey Hornbill
respectively. In the breeding season, nest
trees were located by following breeding
pairs and information obtained from tribals.
Observations at active nests were carried out
from 06:00-18:00 hrs. The diet was
determined by recording the items delivered
by the male to the nest inmates. Most of the
fruit species delivered could be identified by
looking at the colour, size and shape, and by
comparing these with fruits available around
the site or in middens accumulated below the
nest. Periodically, middens were also

Threat assessment
The presence and/or occurrence of any signs
of disturbance were also noted while walking
transects. Disturbances recorded included
firewood collecting, grazing, mining,
collecting of non-timber forest produce,
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following breeding pairs, or the breeding
male when carrying fruits, as well as from
deposits of seeds under the nest tree. During
repeated surveys of the nests, information on
the nest tree species, nest tree features, nest
fidelity and the effect of human disturbances
on nesting were collected.

collected and analyzed for identification and
quantification of seeds.

Nest tree use
An intense search for active nest cavities was
done in hornbill habitats during the breeding
season. Active nesting was confirmed by

RESULTS
forests (42.9%), followed by semi-evergreen
forests (27.1%). Along altitudinal gradients,
Malabar Grey Hornbill was sighted up to
1,500 m, while all other species were below
1,000 m. Most hornbills were sighted in the
Protected Areas (76%), with the remaining
outside these Areas. Most sightings of Great
Hornbill were restricted to evergreen forests
(88%), Malabar Pied Hornbill to lowland
riparian forests (70%), Indian Grey Hornbill
to dry deciduous forests (100%) and Malabar
Grey Hornbill to evergreen and semievergreen forests (76%; Table 1).

STATUS AND DISTRIBUTION IN THE
WESTERN GHATS
All four species of hornbill known from the
Western Ghats were sighted during the
survey. Malabar Grey Hornbill occurred in
71% of the Conservation Units surveyed, but
the remaining three species occurred in less
than 15% of the Units. Of 536 hornbills
recorded, the Malabar Grey Hornbill was the
most common (77.8%) followed by the
Malabar Pied (12.3%), Great (7.5%) and
Indian Grey Hornbill (2.4%; Table 1).
Across the habitat types, most
hornbill sightings were from evergreen

Table 1. Sightings of hornbills in different habitats in southern India (# number of hornbills).

Eastern Ghats

Western Ghats
Forest habitat
GH

Tropical
Evergreen
Tropical Semievergreen
Tropical Moist
Deciduous
Tropical Dry
Deciduous
Mixed, along
lowland rivers
Plantations

MPH

MGH

IGH

MPH

IGH

#

%

#

%

#

%

#

%

#

%

#

%

35

87.5

12

18.2

183

43.9

-

-

-

-

-

-

5

12.5

5

7.6

135

32.4

-

-

-

-

-

-

-

-

-

-

5

1.2

-

-

-

-

11

15.1

-

-

3

4.5

6

1.4

13

100

-

-

62

84.9

-

-

46

69.7

88

21.1

-

-

2

100

-

-

-

-

-

-

-

-

-

-

-

-

GH = Great Hornbill, MPH = Malabar Pied Hornbill, MGH = Malabar Grey Hornbill, IGH =
Indian Grey Hornbill.
Sanctuary and Vazhachal Reserved Forests.
Interviews with local inhabitants also
revealed the occurrence of Great Hornbill
nests in the Nilgiri North Forest Division,

Important breeding sites
Active nests of Great Hornbill were located
in the evergreen forests of Indira Gandhi
Wildlife Sanctuary, Parambikulam Wildlife
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Hornbills were recorded at altitudes of 600800 m. Most hornbills were recorded in the
state of Andhra Pradesh (76%), while only
Indian Grey Hornbill was reported in low
numbers in Tamil Nadu, probably due to the
discontinuity of the Eastern Ghats and severe
fragmentation of its forests, with small
populations
in
Dharmapuri
and
Sthyamangalam Forest Divisions.

Tenmala Reserved Forests, Mollem National
Park, Kudremukh National Park, Anshi
National Park and Someshwara Wildlife
Sanctuary. Malabar Grey Hornbill nests were
located in Mudumalai Wildlife Sanctuary,
Indira
Gandhi
Wildlife
Sanctuary,
Mundanthurai-Kalakad
Tiger
Reserve,
Parambikulam Wildlife Sanctuary, Periyar
Tiger Reserve, Anshi National Park,
Mookambika Wildlife Sanctuary and Peppara
Wildlife Sanctuary. Coimbatore Forest
Division and Dandeli Wildlife Sanctuary
were known breeding sites of Malabar Pied
Hornbill, while other potential breeding sites
were in Someshwara Wildlife Sanctuary,
Mollem National Park, Aralam Wildlife
Sanctuary
and
Shendurney
Wildlife
Sanctuary. Indian Grey Hornbill was
recorded in Bhadra and Shettyhalli Wildlife
Sanctuaries in Karnataka, both potential
breeding sites.

Important breeding sites
Undisturbed tropical dry deciduous forests
provide ideal nesting sites for Indian Grey
Hornbill and some of the Protected Areas in
Andhra Pradesh, namely Sri Venkateswara
National Park, Gundla Brahmeshwaram
Wildlife Sanctuary, Sri Lankamalleswara
Wildlife Sanctuary, and Nagarjunasagar SriSailam Tiger Reserve do harbour resident
populations of this species.
Disturbances
Hornbills were sighted on 18 of the 84
transects walked. Disturbances recorded
include encroachment of forests for livestock
grazing, tourism activities, fire and poaching,
with fire wood collection (33.3%) and
agriculture (22.2%) the major factors.
Although fire was not recorded in most of
our transects, forests adjoining several of the
transects were burnt by fires.

Human disturbances
Of the 168 transects surveyed, hornbills were
sighted on 112 transects. Some form of
disturbance was recorded on 63% of 112
transects. The occurrence of plantations of
various kinds (29.6%), tourism (22.5%),
poaching of eggs and meat (19.7%), and
livestock grazing (19.7%) formed the major
disturbances recorded from the Western
Ghats. In addition, agricultural activities,
collection of non-timber forest products,
forest fires and developmental activities, such
as hydroelectric projects, contributed to the
disturbances.

NEST TREE USE
In the Nilgiris, a total of 87 active nests were
located during the study period. The nests of
Malabar Grey Hornbill were located in
Mudumalai Wildlife Sanctuary, Malabar Pied
Hornbill in the forests fringing the Bhavani
River in Coimbatore Forest Division, and
Great Hornbill on the Kothagiri slopes, all in
semi-evergreen forests. Trees used by
hornbills for nesting belonged to 22 species
in 16 families (Table 2). Malabar Grey
Hornbill was recorded using 21 tree species,
while Malabar Pied and Great Hornbills each
used two species. Terminalia (39%) followed
by Lagerstroemia (30%) were the genera
used most frequently. In the Eastern Ghats,
Indian Grey Hornbill were recorded using
three species of nest tree, Azadirachta indica,
Gyrocarpus jacquinii and Terminalia sp., use
of Terminalia being common to all four
species of hornbill.

STATUS AND DISTRIBUTION IN THE EASTERN
GHATS
Two of the three species known from the
Eastern Ghats, Indian Grey and Malabar Pied
Hornbill, were sighted during the surveys.
The Oriental Pied Hornbill was not sighted.
Indian Grey hornbills occurred in 12 (60%)
of the 20 Conservation Units surveyed and
Malabar Pied in a single Unit. Of 75 hornbills
recorded, 96% were Indian Grey Hornbill
and the remainder Malabar Pied Hornbill.
While Malabar Pied Hornbill was confined to
the moist forests in northern Andhra Pradesh,
the Indian Grey Hornbill was sighted
throughout the Eastern Ghats. The Malabar
Pied Hornbill was sighted at an elevation of
54 m. while most of the Indian Grey
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Table 2. Number and percentage of nest tree species used by hornbills in the Nilgiris (+
indicates nest tree use by the species, n = 87).
Tree species
Lagerstroemia microcarpa
Terminalia bellerica
Terminalia crenulata
Terminalia arjuna
Elaeocarpus serratus
Grewia tiliifolia
Albizia lebbeck
Alstonia scholaris
Cedrella toona
Sygygium cumini
Madhuca longifolia
Mangifera indica
Others (10 species,
all used by MGH)

#
26
21
9
4
3
3
3
2
2
2
1
1
10

%
29.9
24.1
10.3
4.6
3.4
3.4
3.4
2.3
2.3
2.3
1.1
1.1
11.6

MGH*
+
+
+
+
+
+
+
+
+
+

MPH
+
+
-

GH
+
+
-

GH = Great Hornbill, MPH = Malabar Pied Hornbill, MGH = Malabar Grey Hornbill,
Data source for MGH: Maheswaran and Balasubramanian (2003).
dioica (1%) and the exotic species,
Maesopsis eminii. During the non-breeding
season, Great Hornbill mostly foraged on
Ficus benghalensis, Ficus religiosa and
Strychnos nux-vomica.

FRUIT UTILIZATION
Great Hornbill
During the breeding season, Great Hornbill in
the Nilgiris consumed fruits of seven plant
species. These include two fig species, Ficus
benghalensis and F. sp. (? drupacea) and five
non-fig species. Relative proportions of
various fruit species in the nest middens
indicated the predominant presence of Ficus
spp. (77.9%), with Canarium strictum
(17.1%) consumed most among the non-figs
that also included Sterculia guttata (2.3%),
Actinodaphne malabarica (1.5%), Olea

Malabar Pied Hornbill
Malabar Pied Hornbill consumed 13 fruit
species in a riparian habitat in Coimbatore
forest division (Balasubramanian et al. 2004;
Table 3). Six species formed the diet during
breeding season, while 13 species were used
in the non-breeding season. A fig, Ficus

Table 3. Proportion of various fruit species consumed by hornbills in the Nilgiris, Western Ghats.
Hornbill species and
food categories

Breeding season*

Non-breeding
season**
Figs
Non figs

Figs

Non figs

I. Malabar Grey Hornbill
# fruit species
# fruits used
% fruits used

2
460
5.3

16
8294
94.7

3
435
59.8

14
293
40.3

II. Malabar Pied Hornbill
# fruit species
# fruits used
% fruits used

4
598
75.6

3
193
24.4

5
332
60.3

8
219
39.8

* values based on fruit deliveries at nests, ** values based on foraging observations on food plants.
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benghalensis (56.8%) and a non-fig
Putranjiva roxburghii (20.7%) formed the
major breeding season diet. In the nonbreeding season F. benghalensis (36%) and a
non-fig, Strychnos nux-vomica (20%) formed
the major diet.

in the non-breeding season, 59.8% comprised
figs (F. drupacea, F. tsjahela and F. virens)
and the remainder was lipid- and sugar-rich
non-fig fruits. Important lipid-rich species
consumed
included
Aphanamixis
polystachya, Tabernaemontana heyneana
and Trichilia connaroides.

Malabar Grey Hornbill
Twenty-three fruit species were recorded in
the diet of the Malabar Grey Hornbill in
Mudumalai Wildlife Sanctuary. During the
breeding season, 8,754 fruits belonging to 18
species were delivered at the nest, of which
non-figs comprised the maximum (94.7%;
Table 3), including Actinodaphne malabarica
(Lauraceae; 30.3%) and Olea dioica
(Oleaceae; 25.0%). Of 17 species consumed

Indian Grey Hornbill
Quantitative data were not gathered on the
food and feeding habits of this species, but
observations during the status surveys in the
Eastern Ghats revealed their preference for
the fruits of Melia dubia, Capparis sp.,
Azadirachta indica, Syzygium cumini,
Zizyphus sp. and Ficus benghalensis.

DISCUSSION
STATUS AND DISTRIBUTION IN SOUTHERN
INDIA
Great and the Malabar Pied Hornbill are
categorized as “Near Threatened” and
Malabar Grey and the Indian Grey Hornbill
as of “Least Concern” by BirdLife
International (2001).

Malabar Pied Hornbill
Ali and Ripley (1987) reported that these
birds are found on the western side of the
Peninsula, chiefly in wooded country along
the foothills of the Western Ghats. According
to Kemp (1995), this species has a
disjunctive distribution in India with two
populations, one in the Western Ghats and
the other in the East Indian states of Bihar,
Orissa and parts of Madhya Pradesh. Ripley
et al. (1987) reported the occurrence of this
species in the Visakhapatnam hills, Eastern
Ghats. From the present survey and various
other studies (Balasubramanian et al. 2004;
Gaston & Zacharias 1996; Reddy &
Basalingappa 1993; Ripley et al.1987) it is
inferred that this species occurs as isolated
populations, mainly in the lowland riparian
and mixed forests of the Western and Eastern
Ghats.

Great Hornbill
Ali and Ripley (1987) described this species
as common throughout the Western Ghats
complex. Recent avifaunal surveys in Kerala
(Gaston & Zacharias 1996; Sugathan &
Vargheese 1996; Zacharias & Gaston 1999)
mentioned that this species is becoming rare,
confined to higher elevations and distributed
disjunctively. Harikumar et al. (2001)
reported nesting of this species in Periyar
Tiger Reserve, while Kannan (1994) reported
this species to be common in the Anamalai
hills, Tamil Nadu, but under severe pressure
from poaching. Our study revealed these
birds to be rare and confined to evergreen
and semi-evergreen forests within the
network of Protected Areas. Though they are
distributed from Northern Goa to the
southernmost parts of the Western Ghats,
most were sighted in the southern Western
Ghats, particularly in the AnamalaiParambikulam-Vazhachal belt.

Malabar Grey Hornbill
This species is endemic to the Western Ghats
and confined to the high rainfall areas from
the plains to an altitude of about 1,600 m (Ali
& Ripley 1987). Gaston and Zacharias (1996)
reported the occurrence of this species in
several localities in Kerala, Western Ghats.
The present survey revealed this species to be
common in moist forests throughout the
Western Ghats, including degraded habitats.
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arjuna (GBH >3 m) by Malabar Pied and
Great Hornbills indicates the relationship
between the size of the bird and the nesting
tree. Larger trees are expected to have larger
cavities that can house larger hornbill
species.

Indian Grey Hornbill
This species was recorded throughout the
better-wooded parts of the country, on the
plains and in the hills, except for the high
rainfall areas of the Western Ghats (Ali &
Ripley 1987; Baker 1927; Whistler 1928).
Anecdotal records also indicate the
occurrence of this species at lower altitudes
in the Western Ghats, mainly in dry forests.
Sightings of this species during the present
survey in Bhadra and Shettihalli Wildlife
Sanctuaries confirm its preference for dry
deciduous forests at lower altitudes in the
Western Ghats. Sighting of the species in
only two Conservation Units indicates its
rarity in the Western Ghats, but it is fairly
widely distributed in the Eastern Ghats from
the southernmost Nilgiris to northern Andhra
Pradesh.

THREATS
According to Kannan (1993, 1994), the Great
Hornbill is under severe threat in the
Anamalai hills, Tamil Nadu, due to poaching
and habitat loss. Zacharias and Gaston (1999)
reported a decline in populations of
threatened hornbills in Kerala and attributed
habitat destruction as the major cause. Reddy
et al. (1990) highlighted poaching and habitat
destruction as major causes in the decline of
hornbill
populations
in
Karnataka.
Balasubramanian et al. (2004) highlighted
the deterioration of a hornbill habitat in
Tamil Nadu. Ripley et al. (1987) mentioned
that the Malabar Pied Hornbill has been
extirpated from most areas of the
Visakhapatnam Ghats due to hunting and
forest clearance.
Although plantations are recorded as
a major disturbance in hornbill habitats, the
practice of raising monoculture plantations
has been stopped. However, various other
disturbances emerged from our study. Mining
for minerals in and around Mollem National
Park, and Nethravali and Madei Wildlife
Sanctuaries in Goa and some parts of
Northern Karnataka was noticeable. Largescale hydroelectric projects and cultivations
were recorded within the protected areas of
Karnataka where large isolated populations
of threatened hornbills occurred. Poaching
for meat and eggs of Great and Malabar Grey
Hornbill was recorded at various locations in
Kerala. Fragmentation of forests was noticed
in the Nilgiri and Anamalai ranges in Tamil
Nadu.
Forest fire, as caused by the forestinhabiting people of the Eastern Ghats, is a
very important factor in causing massive
damage to young seedlings, growing trees,
huge woody climbers and even to the forest
soil (Rao 1998). In the Western Ghats, forest
fires were noticed in all major hornbill
habitats, dry deciduous, semi-evergreen and
even in evergreen forests, but its intensity
was most severe in dry deciduous forests.
Forest fires not only cleared the undergrowth,

FOOD HABITS
Several authors have discussed the
importance of fruits in the diet of Asian
hornbills (Kinnaird & O’ Brien (1993) and
Poonswad et al. (1998) for Sulawesi and
Thailand respectively), while in India,
Kannan (1994), Mudappa (2000), Datta and
Rawat (2003), and Balasubramanian et al.
(2004) studied fruit utilization by hornbills.
All studies highlight the significance of figs
in the hornbill’s diet. Our study on Malabar
Grey and Great Hornbills in the Nilgiris also
reveal figs as a major food for these
hornbills. Mudappa (2000) and Kannan
(1994) emphasized consumption of lipid-rich
fruits as a nutritional supplement and the
predominant intake of lipid-rich fruits by
Malabar Grey Hornbill in Mudumalai
Wildlife Sanctuary confirms lipid-rich fruits
as an important part of the diet of this
hornbill in the Western Ghats.
NEST TREE UTILIZATION
In the evergreen forests of the Anamalai hills,
Malabar Grey Hornbill used 13 species of
trees for nesting (Mudappa & Kannan 1997),
mostly in Alseodaphne semecarpifolia. In a
semi-evergreen forest in the Nilgiris, 19
species were used for nesting, with
Terminalia
spp.
and
Lagerstroemia
microcarpa the favored species. The
selection of small Terminalia spp. (T.
bellerica & T. crenulata; GBH 1-3 m) by the
Malabar Grey Hornbill and large Terminalia
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Ghats suffer two major threats, habitat
degradation and poaching. In the Eastern
Ghats, habitat destruction by human activities
such as firewood collection, deliberately
induced fires, and conversion of forests into
agricultural lands form the major threat to
hornbill survival.

but also destroyed the shrubs and creepers
that hide the nest cavities. The forest fires
coincide with the onset of the hornbill’s
breeding
season
(Maheswaran
&
Balasubramanian 2003) and flames can reach
up to the nest cavities and so prevent their
use by hornbills.
From the present surveys and past
studies, we note that hornbills in the Western

CONCLUSIONS
rivers, and Tropical Dry Deciduous Forests
need total protection in southern India. In
several localities, riparian-fringing Semievergreen Forests fall outside Protected
Areas and are subjected to all sorts of human
exploitation. For effective protection of
hornbills, select stretches of these forests,
where good population of hornbills occur,
need to be brought under the Protected Areas
Network.

From our studies in southern India, we infer
that four species of hornbill occur in the
Western Ghats but only two in the Eastern
Ghats. The Indian Grey Hornbill is
distributed along the entire Eastern Ghats and
the Malabar Grey Hornbill along the entire
Western Ghats, so both species could be
considered safe. The Great Hornbill was
recorded at only a few localities in the
Western Ghats, and in such low numbers that
its rarity in southern India indicates it to be
‘regionally endangered’. Although the
Malabar Pied Hornbill was recorded in both
Ghats, it only occurred at a few localities as
isolated populations. Since its prime habitat
is lowland riparian and mixed forests, areas
heavily exploited by humans, this species is
under severe threat and hence should also be
considered ‘regionally endangered’, and even
‘internationally endangered’ given its
endemic status.
All hornbill species were habitat
specific, B. bicornis in evergreen forests, A.
coronatus in lowland riparian forests, O.
birostris in dry deciduous forests and O.
griseus in evergreen and semi-evergreen
forests, and all are under threat due to habitat
destruction and poaching. In southern India,
figs form an important component of their
diet and, although various tree species were
used for nesting, Terminalia spp. appear to be
their favorite trees.

Propagate Terminalia and other preferred
nest trees
Since all hornbill species in southern India
used Terminalia spp. for nesting, forest
managers may give top priority to the
protection and propagation of these species
for sustenance of hornbill populations. Other
traditional nesting trees must also be
identified and protected.
Conserve figs and their host plants
Figs formed a major source of food for
hornbills in the majority of habitats. As
several fig species are stranglers and lead an
epiphytic life in their early stages, the
conservation of their host plants is also
essential. Furthermore, Ficus spp. that sustain
hornbills in various Protected Areas and
Reserved Forests need to be propagated in
large numbers.
Control forest fires
The state forest departments in southern
India, particularly in Andhra Pradesh, have to
take effective steps to control the occurrence
of fires.

RECOMMENDATIONS FOR HABITAT
MANAGEMENT

Protect old growth forests
Old growth forests in the Western and
Eastern Ghats have been used by hornbills
for nesting due to the availability of large tall
trees. Hence, Tropical Evergreen Forests,
Tropical Semi-evergreen Forests fringing the

Control poaching
Poaching of adult females and chicks from
nests and killing of adults in their foraging
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extinction and could be done by researchers
in collaboration with the forest managers.
More scientific studies on hornbills are
needed to know the population status and
habitat requirements.

habitats is prevalent at several localities,
including the Protected Areas. The tribals
mainly do poaching for the meat and hence
vigorous anti-poaching measures are
suggested.

Conduct awareness programs and
scientific studies
Awareness education for the tribals is
essential to save hornbills from local
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Relton, A. 2007. Problems and threats to hornbill populations in the Valparai area, Western Ghats,
Tamilnadu, India. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their
Habitats For Conservation, p. 154. CD-ROM Proceedings of the 4th International Hornbill Conference,
Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

The Western Ghats is the range of hills running along India’s west coast (8ο N to 21ο N
latitudes). The entire length of the range is 1,600 km and it is one of the India’s richest regions
in terms of its biological diversity and species richness. It is recognized as one of the “hot
spots” of the world.
Valparai is a small town located at an elevation of 5,267 m in the southern Western
Ghats in Tamilnadu, very close to Kerala State (10o25’N: 76o43’E). This town is surrounded by
tea and coffee plantations, and by scattered fragments of shola evergreen forest where the
under-storey has been removed and replaced with coffee. These fragmented forests support
good numbers of avifauna, including endemic Malabar Grey Ocyceros griseus, Great Buceros
bicornis and Malabar Pied Hornbill Anthracocerus coronatus.
This paper presents an account of hornbill population sightings recorded during 1994 to
2005 in four fragments of evergreen forest, namely Puthuthottam, Varattuparai, Anali and
Urangumudi. The population trends show decline in one species of hornbill (Great Hornbill),
total disappearance of another (Malabar Pied), while the endemic Malabar Grey is doing fairly
well.
Problems encountered by hornbill populations, like felling of mature rainforest trees and
replacing them with one species of tree, shrinking of this evergreen forest due to clear cutting
the boundaries, lack of nesting sites for large hornbills and increased human activity inside the
fragmented forest, are also recorded and discussed. A few suggestions to help rebuild the
hornbill populations in these areas are also presented.
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ABSTRACT
Kannan, R. & James, D. A. 2007. Phenological studies of hornbill fruit trees in tropical rainforests:
methodologies, problems, and pitfalls. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of
Hornbills and their Habitats for Conservation, pp. 155-166. CD-ROM Proceedings of the 4th
International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.
We describe and discuss, based on our experience with the Great Pied Hornbill Buceros bicornis in
southwestern India, procedures for designing fruiting phenology studies of tropical flora, especially tree
species, with respect to their use by avian frugivores. Topics covered and recommendations made
concern the following: size of study area, size and number of sample plots, positioning of sample plots,
monitoring of plots and frequency of visits, duration of study, selecting plant taxa, number of plant
individuals required per species, minimum size of trees to be included, plant identification and
preparation of herbarium voucher specimens.
* Author’s address: rkannan@uafortsmith.edu

INTRODUCTION AND BACKGROUND
There has been a spate of papers in recent
years on reproductive phenology or fruit
biomass production of forest trees in
southwestern India (Patel 1997; Ganesh &
Davidar 1997, 1999; Kannan & James
1999), ecology of tropical Asian hornbills
(Kinnaird et al. 1996; Kannan & James
1997; Mudappa & Kannan 1997; O’Brien
1997; Datta 1998; Kannan & James 1998;
Kinnaird & O’Brien 1999; Mudappa 2000;
Datta & Rawat 2003, Stauffer & Smith
2004), and the role played by tropical
hornbills in seed-dispersal and forest
dynamics (Kinnaird 1998; Whitney et al.
1998; Holbrook & Smith 2000; Kitamura et
al. 2004). Given this sharp increase in
interest in these topics, we felt the need to
write this essay of reflections from a study
that we conducted involving these areas of
interest.

Monitoring
studies
of
plant
phenology have traditionally been of a
comprehensive nature, i.e. involving almost
all plants, with the ultimate goal of a
community-wide assessment of fruit
production (e.g. Frankie et al. 1974;
Leighton & Leighton 1983). It is preferable,
for hornbill conservation and ecology, to
have a focal-species approach when
designing fruiting phenology studies
(Worthington 1982; Wheelwright 1983;
Blake et al. 1990). In this method, the
investigator chooses just the hornbillpreferred plant taxa for monitoring
purposes. Such a focused study would not
only enable management decisions to be
made with relative ease (as one considers
just the plant taxa that are of most
significance) but would also be less tedious
and thus help with logistics and execution
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25’N; 76º50’E). Because the Great Pied
Hornbill is principally frugivorous, one of
our main tasks was to monitor the
production of fruits in its habitat and assess
the year-round pattern of fruit availability
for the species. A principal goal of the study
was to identify any keystone plants
(Terborgh 1986; Lambert & Marshall 1991)
vital for the sustenance of the species,
especial in lean periods of fruit availability.
There
are
significant
conservation
implications in identifying these pivotal
plant species because many frugivores, like
hornbills, act as key seed-dispersal agents
and thus play critical roles in forest
dynamics (Gilbert 1980; Kinnaird 1998;
Whitney et al. 1998; Kannan & James
1999; Holbrook & Smith 2000; Kitamura et
al. 2004).
To this end, we established a system
of 1-ha phenology study plots in the
rainforest, and monitored hundreds of
rainforest plants producing fruits utilized by
the Great Pied Hornbill (Table 1). In this
essay of reflections from that study, we
have addressed some of the hurdles and
dilemmas we faced in the course of the
project. We have also re-examined the data
and performed some additional analyses
that may help future investigators. This
essay is not intended as a blueprint for such
studies in the future, but merely as a guide
to address common questions and help
avoid potential problems. If we had had
access to such an article prior to our study,
we could have avoided learning a lot of
these tips the hard way. We faced numerous
challenges from the onset of the project, not
the least of which was the paucity of
adequate funding. Most of the work was
conducted on a shoestring budget. This
forced us to consider methodologies that
would be most cost-effective. This account
would, therefore, be of particular help in
situations where financial constraints limit
the hiring of long-term field-assistants, as
was the case in this project.

of the study. This essay addresses various
issues of relevance following a successful
2-year fruiting phenology study in the
rainforests of the Anaimalai Hills, Western
Ghats, southern India. Our study adopted a
focal-species approach to address the
conservation needs of the endangered and
largely frugivorous Great Pied Hornbill
Buceros bicornis.
The study resulted in a major
chapter in RK’s doctoral dissertation
(Kannan 1994a), and results of the study
were published separately (Kannan &
James 1999). The present essay addresses
common questions that confront researchers
who are about to undertake such a
phenological project. How long should the
study last? What should be the extent of
overall coverage in terms of hectares, and
what should be the size of each sampling
plot? How does one determine beforehand
what taxa of plants to include in the
sampling? What should be the minimal
sample size per species of plant to get a
good picture of the spectrum of fruit
available to hornbills and other avian
frugivores? What should be the minimum
Diameter at Breast Height (DBH, 1.2 m
above ground level) of the plants chosen, or
should these vary between the various
genera? How and where to designate plots
for monitoring? How to handle the
challenges of rainforest work during the
rainy monsoon season? In addition, this
essay also discusses specific field-tested
methodologies regarding collection and
herbarium preparation of plant specimens
for recording and identification, problems
with confusion in plant taxonomy
(especially of the Ficus genus), mapping of
plots, enlisting of local tribal people for
help with plant identification and labor, and
productive use of vernacular names.
We conducted our study between
1991 and 1993, based at the settlement of
Top Slip (c. 750m) in the Ulandi Range of
the Indira Gandhi Wildlife Sanctuary (10º
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Table 1. List of plants monitored for two years within ten 1-ha phenology plots (from Kannan
& James 1999). All plant and family names were crosschecked with the International Plant
Names Index (2004).
Family
Moraceae

Flacourtiaceae
Meliaceae
Myrtaceae
Lauraceae

Myristicaceae
Annonaceae
Sapotaceae
Burseraceae
Ebenaceae
Euphorbiaceae
Elaegnaceae
Lamiaceae+

Scientific name
Ficus*
F. beddomei
Artocarpus
Scolopia
Dysoxylum
Eugenia
Cinnamomum
Beilschmiedia
Alseodaphne
Litsea (?)
Persea
Myristica
Knema
Polyalthia
Palaquium
Canarium strictum
Diospyros microphylla
D. ovalifolia
Bischofia javanica
Elaeagnus conferta
Vitex altissima

Vernacular (Tamil) name
Kallichi, Aal
Aal
Selai
Kodali
Vellaigil
Naval
Lavangam
Mammarudhu
Kolamaavu
Sadhipatri
Sadhikai
Nedunari
Pali
Karung Kungiliam
Chinna Thuvarai
Thuvarai
Solai Vengai
Myladi
Total

No. of trees
24
2
26
6
24
140
80
15
16
2
19
56
15
92
18
2
5
1
7
2
26
578

*several bird-dispersed species
+
Vitex placed in Verbenaceae according to Ramachandran and Nair (1988).

DESIGNING THE STUDY
problems. Estimates of fruit production
could be notoriously unreliable. For
example, we were not comfortable with
estimating, with any degree of confidence,
the number of fruits per cubic meter from a
hundred feet below the canopy, especially
in a rainforest with its poor visibility. Some
studies have used subjective indices to
characterize fruit abundance (Frankie et al.
1974; Opler et al. 1980) but such indices
are less likely to be useful for comparative
analyses (Blake et al. 1990). We did not use
fruit-fall traps to estimate fruit abundance in
the canopy: such traps, by their very nature,
are unreliable because they only reflect
what was not available for the arboreal
frugivores. Besides, they tend to sample a
very tiny proportion of the study area so

WHY

CHOOSE
AN
AREA-BASED
PHENOLOGICAL SAMPLING METHOD AND
HOW TO SAMPLE FRUITS?

While we were designing the study we were
in a dilemma whether to quantify fruit
production in terms of fruit biomass per unit
area and time (kg/ha/month) or to simply
assess seasonal phenological patterns of
hornbill trees. We adopted a phenological
approach by establishing 10 1-ha plots, plus
a fig tree trail, in which the number of
hornbill-fruit patches per month per hectare
were counted, a patch being a fruiting tree.
Our ultimate decision was driven by an
excellent comparative review of the various
methodologies by Blake et al. (1990). We
considered and decided against making fruit
biomass estimates because of its associated
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provide a fairly reliable reflection of what is
happening phenologically over a wider
swath of habitat. We could cover ten 1-ha
plots in this study, in addition to a system of
fig trails. We are confident that this spatial
coverage provided an adequate idea of the
fruiting phenology of hornbill-fruits in the
area because the gist of our findings (yearround pattern of figs and other sugar-rich
fruit, highly seasonal availability of nonfigs and lipid-rich fruits) was supported by
other studies from similar habitats
(Leighton & Leighton 1983; Lambert &
Marshall 1991; Patel 1997).
One major reason to extend
coverage to a maximum possible area is the
markedly clumped spatial distributions of
many rainforest plants, as was the case with
the genera of hornbill-favored fruit trees in
our study area (Table 2). We used variance
to mean ratios (VMR) to characterize plant
distribution. Distribution was random if
VMR was equal to 1.0. Clumped
distributions would result in VMR being
greater than one, and even or uniform
distributions would yield VMRs less than
one. These characteristics of VMRs stem
from the fundamental property of the
Poisson distribution that the variance and
the mean are equal. As shown in Table 2,
the various genera of hornbill-preferred
fruit plants in our study (with the exception
of Ficus) showed VMRs greater than one,
indicating clumped distributions.
Plants in the same genus were not
represented in some plots but showed up in
considerable numbers in others. Polyalthia
was absent in two of the plots but numbered
as high as 15 in each of two other plots. Of
the 19 individuals of Persea, an important
species of the fruit-producing family
Lauraceae, 12 (63%) occurred in just one of
the plots. Similarly, Eugenia numbers
ranged from as little as one up to as high as
34 inside individual plots. Therefore,
covering a small area may potentially
under- or over-represent the taxa that are
clumped in distribution. It would also entail
the risk of overlooking locally rare taxa like
Canarium (see Kannan 1994b) and
Elaeagnus, both of which were represented
by just two individuals in all of the 10 ha of

that in some cases the extent of the total
area sampled may be nebulous (Blake et al.
1990). The logistical difficulties would have
been hard to overcome: it would have
entailed hundreds of baskets and many
man-hours of effort. It would also have led
to the inevitable problem of marauding
rodents, bears, deer, elephants, and even
people. It did not take long for us to realize
that baskets left lying around on the forest
floor are likely to disappear, because tribal
people often follow a ‘finding is keeping’
philosophy - some of the bright orange
ribbons we used to mark the edge of the
plots appeared as part of the hair-do of local
tribal girls! A recent study in the neotropics
(Parrado-Rosselli et al. 2006) compared
fruit traps with other methods, and the
results supported our misgivings on the
reliability of fruit-fall traps. We also
decided against direct counting of the large
numbers of fruits per individual tree and
extrapolating that data community-wide
because of the time and effort such a
method would entail. Besides, we figured
that, for our purposes of gauging fruit
availability for the Great Pied Hornbill in
the area, knowing that approximately 12%
of the fig trees in the area fruited in one
particular month was better than knowing
that a total, of say 20,948 fig fruits, was
borne that month. Therefore, we directly
counted the actual number of fruit patches
(fruiting trees) per month per hectare of
forest. Our choice of an area-based, focalspecies method gave a better picture of fruit
availability from a ‘hornbill’s eye’
viewpoint because, after all it is of direct
relevance for a hornbill to assess how many
trees come into fruit in the habitat every
month of the year
HOW MUCH AREA TO COVER?
Clearly, the answer to this is “as much as
possible”. Ideally, phenological studies are
best done with a team of researchers and
field-assistants covering a wide area. But
we were under-funded and understaffed for
much of the duration of the project.
Therefore,
practical
and
financial
limitations forced us to consider the
minimum possible coverage that would still
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Table 2. Pattern of distribution of various hornbill-preferred fruit-producing genera of trees in
the Anaimalai Hills, southern India, using the method described by Cox (1980) and GriegSmith (1983).
Plant Genus

Eugenia
Polyalthia
Cinnamomum
Myristica
Vitex
Dysoxylum
Ficus

Mean
no. of
trees/ha
14
9.2
8
5.6
2.6
2.4
2.4

Variance Variance:Mean
ratio (VMR)
119.55
39.06
83.33
28.99
4.48
8.04
1.6

85.39
4.24
10.41
5.17
1.72
3.35
0.66

sampling (Table 1). Ficus was the only
genus with a significantly uniform spatial
distribution (Table 2). Ficus too, may be
under-represented, even with sizeable
coverage. Our 10-ha of plots had only 26
individuals of the genus. In order to
augment Ficus sample size, we had to
establish a system of three fig trails with a
total length of approximately 5 km. All fig
plants greater than 20 cm DBH were
marked. These plants were also monitored
at least once a month, like the plot samples.
Lambert & Marshall (1991) also reported
poor sample sizes of Ficus at the species
level in their study transects in Malaysian
rainforests.

t-value

Distribution

P
(d.f.=9)

179.55
80.97
20.02
59.55
7.4
5.0
1.27

Clumped
Clumped
Clumped
Clumped
Clumped
Clumped
Uniform

0.001
0.001
0.001
0.001
0.001
0.001
0.001

Moreover, we obtained a better picture of
fruiting patterns, especially for the fruiting
of lipid-rich fruits, only by looking at two
years of data. Our experience leads us to
believe that data taken over a short time
frame may deceptively suggest patterns of
fruiting that do not exist in reality, and that
may be ‘ironed out’ by analysis of longerterm data. Chapman et al. (1999) also
emphasized that the trends suggested from
one year of data were not supported when
additional years were considered. In fact,
studies extending longer than two years are
preferable. It is encouraging that recent
studies on plant reproductive phenology in
the tropics have been conducted over three
or more years (Sakai et al. 1999; Hamann
2004; Stauffer & Smith 2004; Anderson et
al. 2005; Bollen & Donati 2005).

HOW LONG SHOULD THE STUDY LAST?
Ideally, the longer the better. Fruiting
patterns could differ markedly between
years (Leighton & Leighton 1983; Blake et
al. 1990), as was evident in the present
study and in others (e.g. Leighton &
Leighton 1983; Lambert & Marshall 1991).
Fruiting patterns could be seasonal in some
plant taxa (e.g. Lauraceae) but sporadic and
capricious in others (e.g. Ficus). In order to
account for these vagaries, it is important to
have a broad temporal coverage. When this
study was planned we considered a oneyear study but eventually, after perusal of
the literature, decided on doubling that to
two years. In retrospect, we realize how
inadequate and misleading a 1-yr study
would have been. Many plants in our study
(e.g. Eugenia and Polyalthia) did not fruit
or fruited weakly in one of the two years.

HOW

TO CHOOSE
BEFOREHAND?

HORNBILL

PLANTS

Starting a project of this kind generates a
classic dilemma: one may not know what
hornbills eat before the study, and one may
not know what plants to monitor before
knowing what the birds eat. The general
rule we adopted was to be liberal in the
choice of the plants included in the sample,
i.e. what to mark and monitor. Plants that
showed even remote signs of producing
bird-fruits, based on fruit color, location on
tree, and texture (McKey 1975; Blake et al.
1990), were included. Also, there was a
sufficient amount of information on hornbill
fruits from previously published studies
(e.g. Poonswad et al. 1988; Kemp 1995).
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We knew that any of the Lauraceae should
be included, even if they looked unsuitable
for hornbills (e.g. some Alseodaphne fruits
were uncharacteristically green, but turned
out to be preferred by Great Pied Hornbill).
But the best source of information on what
fruit plants to include came from the local
tribal people. One of our best tribal guides,
Natarajan, during RK’s initial interviews
with him, was able to describe in detail how
the Great Pied Hornbill opens the
undehisced husks of the capsular
Dysoxylum and Nutmeg (Myristica and
Knema) fruits and gobbles up the edible
portions within. This was and is still a
surprise to us because in the two years of
study we were not able to make even one
observation of the Great Pied Hornbill
feeding on these large capsular fruits. Great
Pied Hornbill occurs at low densities, and
the large-seeded capsular fruit plants in the
community fruit in a synchronous and
widely scattered manner within a species,
making bird congregations unnecessary and
thus the Great Pied Hornbill hard to find.
This, coupled with the dense nature of the
habitat they inhabit, makes one really
appreciate Natarajan’s field knowledge of
the bird’s feeding behavior. Clearly, he
could not have derived that knowledge from
the literature because he could not read
English. The local tribal people knew most
of the hornbill fruits, but not all - some were
surprised to hear that the toxic Strychnos
fruits were preferred by the Great Pied
Hornbill.
Having been liberal in the inclusion
of plants in the beginning, we had to delete
59 plants of Artocarpus, Palaquium,
Bischofia,
Diospyros
ovalifolia,
D.
microphylla, and Ficus beddomei from our
sample, and not consider their fruiting
episodes in the data analyses at the end of
the study because we did not find any
evidence that those plants produced fruits
chosen by the Great Pied Hornbill.
Obviously,
the
aforementioned
methodology worked well because almost
all the taxa of plants represented in the
Great Pied Hornbill seed middens below
nests were represented in the phenological
plots (see Kannan & James 1997).

HOW

MANY INDIVIDUALS PER SPECIES OF
PLANT TO INCLUDE?

Although the obvious answer to this is as
many as possible, our experience indicates
that it may take an enormous area of
coverage to obtain an adequate sample size
per species of plant. This is supported from
other studies in tropical Asian forests
(Leighton & Leighton 1983; Blake et al.
1990). Although Frankie et al. (1974) have
suggested that the minimum number of
individuals per species should be at least
five for phenological studies, we think it is
still too small to obtain reliable results at the
species level. Perhaps an ideal sample size
would be that adopted by Hamann (2004)
who monitored phenological patterns of
5,800 trees in a Philippine submontane
forest community during a 4-year period to
evaluate reproductive phenology at the
community level.
Rainforest trees occur at notoriously
low densities at the species level. An
indirect reflection of this may be obtained
when one considers the sheer number of
species per genus in any given area of
rainforest. There are, for example, 12
species of Cinnamomum (Lauraceae) in the
altitudinal range of 600-1000 m a.s.l. where
the Great Pied Hornbill is found in India
(Pascal & Ramesh 1987). Identifying them
to the species level was difficult (see below)
but it is safe to assume that most of those
species occurred in our study area (c. 750 m
a.s.l.). There were a total of 80 individuals
of Cinnamomum in our 10-ha of plots. Even
assuming that each species was represented
with similar numbers in the area, this comes
to just 6-7 individuals per species of
Cinnamomum.
Not
a
statistically
comfortable number for a phenological
study at the species level. Similarly, the 100
Ficus trees in our sample could have
belonged to as many as 20 species. But,
fortunately for hornbills, it may not really
matter because tight species-to-species
plant-vertebrate interactions are rare in
nature (see Gilbert 1980). We have not
found any strong evidence in the literature,
or during the course of our study, of Great
Pied Hornbill or any other rainforest
hornbill showing strong interactions with
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the diameters of fruiting trees (Table 3).
Similarly,
there
were
reproductive
individuals with strikingly small diameters
in five other genera (Table 3). Had we
chosen a larger minimum diameter, we
would have overlooked these individuals as
potential
fruiting
trees
and
thus
underestimated the fruit patches generated.
Measuring the DBH of trees with
buttresses posed a problem because
buttresses tended to inflate diameter values.
There is no clear solution to this problem.
Measuring the diameter of the trunk above
the buttresses will be difficult in most cases.
Since many rainforest trees were buttressed,
we decided to measure the diameters at
breast height for all trees, with or without
buttresses. We used this procedure in this
and other related studies (Kannan 1994a;
Mudappa & Kannan 1997; Kannan & James
1998).
In order to aid future investigators,
we have included DBH statistics for the
reproductive individuals of the major
genera of hornbill-preferred trees in our
study plots, plus the trail samples for fig
trees (Table 3). This may enable one to
decide minimum DBH thresholds for each
taxon, and thus possibly save time and
resources from not tracking nonreproductive individuals.

any particular species of Ficus or any other
fruit genus. For a hornbill, a fig is a fig is a
fig, as long as it is of the bird-dispersed
kind. An analysis at the genus level may be
sufficient and that is what we did.
When our paper was offered for
publication to Biotropica, one of the
anonymous reviewers asked for a specieswise analysis of fruiting phenology and fruit
consumption, suggesting that even within a
species, some may be more important than
others for a particular frugivore. The editor
added a note saying this should be carefully
complied with in the revision. We wrote a
strong rebuttal arguing why it could not be
done with our data, and why such an
analysis may not really be of much
significance. The editor (Dr. Ted Fleming, a
noted
expert
on
plant-vertebrate
interactions) agreed.
HOW BIG SHOULD EACH PLANT BE?
The minimum diameters at which trees
produce fruits vary with tree species. For
convenience, a minimum DBH of 20 cm
was chosen for all trees. While this may
seem too small, this is the approximate
diameter at which a woody liana creeper
Elaeagnus conferta, a hornbill fruit plant,
produced fruit. Another hornbill fruit tree,
Vitex altissima, showed wide variation in

Table 3. Mean Diameter at Breast Height (DBH) of the flowering or fruiting reproductive
individuals of the various genera of hornbill-preferred fruit trees in the Anaimalai Hills of
southwestern India.
Genus

Ficus*
Persea
Beilschmiedia
Vitex
Cinnamomum
Alseodaphne
Polyalthia
Eugenia
Dysoxylum
Myristica
Knema

Mean DBH,
cm

Standard
Deviation, cm

Range, cm

129.5
73.1
71.8
69.4
65.4
65.3
54.6
51.5
45.2
40.3
34.4

39.5
24.0
15.4
22.3
26.9
14.0
14.7
19.6
16.8
16.8
8.6

50-215
45-105
46-93
23-105
23-105
53-85
31-90
23-105
23-77
17-98
19-46

*bird-dispersed kind only
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Sample size
(Number of
trees)
68
8
8
11
20
3
38
53
10
39
11

CONDUCTING THE STUDY
established the plots, we relied almost
exclusively on the local vernacular Tamil
names of the plants as used by the tribal
guides. RK wrote these names in Tamil on
the maps of the plots. The botanical names
were obtained progressively in later periods
by painstaking identification work (Table
1).
On the maps we indicated a suite of
useful information in addition to the
locations and names of the hornbill trees:
compass bearings of trees that were difficult
to locate in dense stands of vegetation,
locations of harmful nettles and deep pits
dug to trap wild elephants in the distant
past, prominent landmarks such as dead
stumps or boulders, swamps, steep dropoffs and ravines, impenetrable thickets,
game trails, forest roads and a single Great
Pied Hornbill nest site stumbled upon by
chance. We marked each hornbill fruit tree
with a small metal tag with its number
painted on and noted the number by its
location on the maps. To facilitate the
finding of focal trees, color painting on the
tree trunk is also a useful method. The
compass bearings of trees were particularly
helpful in the monsoon when some of the
metal tags faded away completely, were
obscured by vegetation or were lost.
Eventually we marked 578 trees belonging
to 19 genera inside the plots (Table 1).
Considering the overwhelming importance
of the local vernacular names of the plants
for researchers, we included in the paper
(Kannan & James 1999) an appendix of the
Tamil names of the various hornbill fruit
trees in the phenology plots (Table 1). The
entire phenological sample, combining plots
and trails, included 652 individual trees.

CHOOSING THE LOCATIONS OF EACH PLOT
Plots have to be chosen at random across
the study area for an unbiased sample. We
realized that this was challenging in many
ways. Trails that were already established
provided easy access to the study area and
one may be tempted to locate the plots off
such trails for the sheer convenience and
accessibility they afford. However, this may
lead to bias because trails themselves are
usually not randomly laid. In our study area,
the main trail followed a now-defunct
pipeline that was established to bring water
from a waterhole inside the forest to the
settlement of Top Slip. Other trails were
either game trails or those that were
established by tribal people in their forays
into the forest for honey collection and
other reasons. Obviously these trails
followed paths that were simply the easiest
to negotiate topographically. To avoid the
possibility of such non-random sampling,
we located plots some distance off the trails
by using a random number of paces derived
from a random numbers table, but this led
to other problems. We had to ignore some
potential plot locations because the area was
simply not conducive for phenology study:
they were in topographically challenging
areas, too open, too dense with thickets, or
had few forest fruit trees and were thus of
little value to the Great Pied Hornbill.
Consequently, one of our plots had to
assume a rectangular shape (133 x 75 m) in
order to avoid an open area full of
Eupatorium and Lantana underbrush that
was so dense that we would have had to use
a machete to cut through it. The other nine
plots were 100 x 100 m squares.
MAPPING OF PLOTS
We mapped the plots using a compass, a
100-m tape, and strips of bright orange
ribbons to mark the borders. Once the
perimeter was established, we walked about
inside the plots and marked the approximate
locations of all hornbill fruit trees within a
grid of ten 10 x 10 m subplots. Since our
knowledge of the botany of the area was
weak when we started the study and

COLLECTION AND PREPARATION
HERBARIUM PLANT SPECIMENS

OF

This was one of the most challenging
aspects of the project, but also one of the
most important. For reliable identifications,
botanists require a specimen with the
inflorescence or fruits intact. We were not
adept at tree climbing and thus had to rely
on the local tribal people to climb trees and
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Lauraceae, especially Cinnamomum, were
also particularly frustrating. This is one of
the reasons why we analyzed the phenology
data at the genus and not the species level.
Once the specimen is identified, a
standard herbarium label must be affixed to
the herbarium sheet giving scientific name
of species, place and date of collection, and
name of collector(s). The specimens should
then be deposited in an appropriate
herbarium collection and the location of
these voucher specimens should be noted in
all publications concerning the project.

obtain specimens. Often a specimen had to
be taken within the narrow flowering
window and the task of finding someone
willing and able to do the climbing was a
challenge. But we used some other methods
to get specimens, with varying degrees of
success. Animal activity in tall fruiting trees
often dislodged branches that we could
collect from the ground. Similarly, we
hastened to visit fruiting or flowering trees
after a storm because of the wealth of
specimens knocked down by wind and rain.
Many trees remained unidentified to the
species-level because we were unable to get
an appropriate specimen at the right time.
When obtained, specimens for identification
were dipped in mercuric chloride solution,
dried, pressed and then mounted on large
white sheets of paper.

MONITORING THE PLOTS
Each month we used a simple code to note
the fruiting status of each plant: ‘ripe’
(several ripe fruits present), ‘unripe’ (all
fruits unripe) or ‘unripe/ripe’ (fruits unripe
but apparently on the verge of ripening).
Individuals in the last category were then
revisited weekly to monitor them for any
change in status. All trees were checked at
least once a month by scanning the canopy,
usually with binoculars. At least 10 days
were spent each month on phenological
monitoring (each plot took a day to survey).
Animal activity in the canopy was often a
good indication of fruiting activity, and this
was particularly helpful in trees with tall
crowns. Rainy season monitoring was
arduous, with all the associated problems of
leeches, tree falls, lost or faded tags and
poor visibility, but fortunately the rainy
season was also a lean period for fruit
production, and so the plots could often be
surveyed during rapid walks.

IDENTIFICATION OF RAINFOREST PLANTS
Appropriate botanical keys must be found
that cover the flora of the study site in
question. We used Gamble (1967), Pascal &
Ramesh (1987), and Ramachandran & Nair
(1988) to identify some of the plants, down
to at least the generic level. We often
sought the help of plant taxonomists
specializing in the local rainforest
vegetation. We took some herbarium
specimens to the Botanical Survey of India
in Coimbatore to compare with their
extensive collections. But identifying
specimens up to the species level, especially
of Ficus, proved a daunting task, largely
because of the confusion prevailing in
rainforest taxonomy. On some occasions,
two experts disagreed on the species
identification of the same specimen. The

CONCLUSIONS
A project of this nature and scope would be
nearly impossible without the expert
assistance of the local people. People like
Natarajan were invaluable, not just for their
ability to spot birds, lead us safely past
elephants, sloth bears and gaur herds, but
they were also indispensable for their
incredible knowledge of the local natural
history.

As we indicated in the Introduction,
these are some reflections from our study
that could help a potential researcher about
to embark on a similar venture. We do not
imply that the methods used can be used
elsewhere with equal success. Indeed one
has to consider a suite of options and
choose the one that is most practicable, and
the one that best fits the budget and other
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Our focus was on studying fruiting
phenologies with respect to the feeding
ecology of hornbills and other frugivores.

constraints. Our essay simply provides
investigators with some overall guidelines
and experiences for use in adopting or
modifying their designs for new projects.
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Intro

Purpose

• Which plant species are included in the fruit
diet of the hornbills present in lowland
dipterocarp forests in Southern Thailand?
• On the basis of which morphological fruit and
seed characteristics do hornbills select their
foods and are certain feeding preferences
prevalent?

M&M

Study site: Southern Thailand
Budo mountain

Budo-Sungai Padi National Park
(6º00’N & 101º50’E, 189 km2)
&
Hala-Bala Wildlife Sanctuary
(5º50’N & 101º50’E, 111 km2 )
Isolated forests surrounded by rubber plantations

M&M

Climate
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Temperature ( ℃)

Rainfall (mm)
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Annual rainfall over 2,500 mm and highly seasonal

M&M

Hornbills (6 species)

Buceros vigil
Buceros rhinoceros

Anorrhinus galeritus

Buceros bicornis

Aceros comatus
Aceros undulatus

M&M

Data collection

Hornbill diets: fruit species that were eaten by at
least one hornbill species
Direct methods
Opportunistic observations of feeding hornbills
during standardized walks (105 days in Budo & 123
days in Bala)
Indirect methods
Seeds collected under the active hornbill nests
during the breeding season

M&M

Characteristics of fruits

Categorical variables
Life form: Tall tree, Medium, Small tree, Shrub,
Liana, Others
Fruit type: Dehiscent, Thin husk, Thick husk, Nut
Fruit color: Black, Red, Orange, Yellow, Brown,
Others
Continuous variables
Fruit/seed weight (g)
Fruit/seed diameter (mm)
Number of seeds per fruit

M&M

Data analysis

Fisher’ s exact test
Test for morphological differences between the
eaten fruits of hornbills and all the fruits collected in
the forest

Result

Overall pattern
All fruits: 400 species from 65 families

Variables
Fruit weight (g)
Seed weight (g)
Fruit diameter (mm)
Seed diameter (mm)
No of seeds/fruit

Median
2.9
0.5
16.8
9.3
1

Range
0.01-1380.0
0.01-210.3
1.9-155.5
0.1-81.5
1-100>

Life form: Shrub (32%), Medium (28%), Small (23%)
Fruit type: Thin (67%), Dehiscent (19%), Thick (11%)
Color: Red (24%), Black (20%), Orange (13%)

Result

Hornbill diet

MYRISTICACEAE (14 spp.)

Horsfieldia

Knema

Myristica

MORACEAE (10 spp.)

Aglaia
Artocarpus

Chisocheton
Ficus

Dysoxylum
Ficus

Result

Hornbill diet

LAURACEAE (10 spp.)

Beilschmiedia

Litsea

Nothophoebe

MELIACEAE (8 spp.)

Aglaia

Chisocheton

Dysoxylum

Result

Hornbill diet
Diet fruits: 80 species from 25 families

Variables
Fruit weight (g)
Seed weight (g)
Fruit diameter (mm)
Seed diameter (mm)
No of seeds/fruit

Median
4.8
1.7
18.9
13.2
1

Range
0.14-91.5
0.01-24.6
6.7-63.8
4.8-35.4
1-100>

Life form: Medium (56%), Small (23%), Liana (10%)
Fruit type: Thin (55%), Dehiscent (41%), Thick (4%)
Color: Red (34%), Black (25%), Orange (15%)

Result

Life form
100%

Others
Tall tree
Medium
Small tree
Shrub
Liana

75%
50%
25%
All
(N=400)

Diet
(N=80)

0%

Fisher’s exact test
(P < 0.001)

Hornbills prefer fruits of canopy trees and ignore those of shrubs

Result

Fruit type
100%
Nut
Tough husk
Dehiscent
Thin husk

75%
50%
25%
All
(N=400)

Diet
(N=80)

0%
Fisher’s exact test
(P < 0.001)

Hornbills prefer dehiscent fruits

Result

Fruit color
100%

Others
Brown
Yellow
Orange
Black
Red

75%
50%
25%
All
(N=400)

Diet
(N=80)

0%

Fisher’s exact test
(P < 0.05)

Hornbills prefer fruits with red color

Fruit diameter (mm)
100%
> 40
40
30
20
10

75%
50%
25%
All
(N=400)

0%
Diet
(N=80)

Result

Fisher’s exact test
(P < 0.01)

Hornbills ignore the largest fruits

Seed diameter (mm)
100%
> 20
20
15
10
5

75%
50%
25%
All
(N=400)

0%
Diet
(N=80)

Result

Fisher’s exact test
(P < 0.01)

Hornbills eat fruits with large-sized seeds

Number of seeds per fruit
100%
> 10
10
5
2
1

75%
50%
25%
All
(N=400)

0%
Diet
(N=80)

Result

Fisher’s exact test
(P < 0.001)

Hornbills prefer single-seeded fruit species

Result

Summary of hornbill diets

80 fruit species belonging to 25 families
Species rich families:
Myristicaceae, Moraceae, Lauraceae, Meliaceae,
Annonaceae

Characteristics of fruits:
Medium-sized trees
Dehiscent fruits or indehiscent fruits with thin husk
Fruits with red or black color
Various sizes of the fruit/seed

Disc

Comparison of diet fruits
ANNO

Thailand
(N=80)

BURS
LAUR
MELI

Thailand: 80 spp.
(this study)

MORA

Sumatra
(N=48)

MYRI
Others

Borneo
(N=121)

Sumatra: 48 spp.
(Hadiprakarsa &
Kinnaird 2004)
Borneo: 121 spp.
(Leighton 1982)

0%

25%

50%

75%

100%

No fruit of the Burseraceae was recorded in this study (No fruiting)

Disc

Fruit selection by hornbills
Size, color, and fruit protection seem to be the most
important traits in fruit selection for frugivores
(Bollen et al, 2004; Corlett, 1998; Gautier-Hion
et al., 1985; Kitamura et al., 2002)
In Khao Yai NP, Thailand for four species of
hornbills & 73 diet fruits (Kitamura et al., 2004)
1)
2)
3)
4)

Large
easily accessible within the canopy
red, purple, or black color
dehiscent or indehiscent with a thin husk

Disc

Research limitation
Other factors (e.g. crop size, phenology pattern,
tree distribution, nutrition of fruit pulp)
⇒Collect data of these factors and use more
suitable statistics to understand which factors
most influenced the diet of the hornbills
Mass flowering phenomena in lowland dipterocarp
forests in Southeast Asia
⇒Research period (18 mo) is not enough to cover
the fruiting of whole plant species in the habitat
Resource partitioning among hornbill species
⇒Different hornbill species might have different
preference for fruit selection
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Some aspects of food and feeding ecology of Sri
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Ginige, P. 2007. Some aspects of food and feeding ecology of Sri Lankan Grey Hornbill Ocyceros
gingalensis in Dombagaskanda Forest Reserve, Sri Lanka. In: Kemp, A. C. & Kemp, M. I. (eds). The
Active Management of Hornbills and their Habitats For Conservation, p. 194. CD-ROM Proceedings of
the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.

The feeding ecology of and food species eaten by the Sri Lankan Grey Hornbill Ocyceros
gingalensis, an endemic hornbill species in Sri Lanka, has been studied in Dombagaskanda
Forest Reserve. Hornbills are known to be omnivorous and their roles in the ecosystem to be
seed dispersers, predators and possibly pollinators. A total of 38 food plant species has been
reported from the area and two varieties of other food sources, which are from non-forest
species, have also been identified. Animal food that consisted of 18 species has also been
recorded. The artificial classification system for hornbill food, proposed by Ginige (2001) has
been further developed, including many new food species and types. The possibility to utilize
the relative size of the stone of the food plant to determine the stage of breeding cycle has also
been discussed.
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Kanwatanakid-Savini, C-o. & Poonswad, P. 2007. Feeding ecology and food selection of four sympatric
hornbill species at Khao Yai National Park, Thailand. In: Kemp, A. C. & Kemp, M. I. (eds). The Active
Management of Hornbills and their Habitats For Conservation, p. 195. CD-ROM Proceedings of the 4th
International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.

Asian hornbill species are frugivorous for most of the year, changing to a more omnivorous diet
during the breeding season. Due to the high degree of frugivory in their diet they assume an
important role as a seed disperser in the forest ecology of their habitat.
We have results from an ongoing study on the feeding ecology of four sympatric species
at Khao Yai National Park: Great Bucero bicornis, Wreathed Aceros undulatus, Oriental Pied
Anthracoceros albirostris and Austen’s Brown Hornbill Ptilolaemus austenii. Data on the
feeding habits and diet composition of each species have been monitored since January 2004,
and will continue until December 2005. The January to June breeding seasons from both years
are represented in this study.
The objectives of this study are: (1) to define the factors influencing food selection on
the basis of spatial-temporal availability, examining chemical and morphological variation of
the chosen food items, (2) to define feeding overlap between the four sympatric species and
how this influences their relative breeding biology, and (3) to define the breeding success
between the different species in relation to food availability and quality.
Data from direct observation of feeding habits and consumed diet were collected during
a total of about 8,000 hr. For each species, a total of twelve nests were observed (six nests for
each breeding season). Fruits consumed were identified as fig and non-fig, with non-fig fruits
classified into species, differentiated on the basis of their morphology. The food selection of
hornbills was measured by comparing food consumption with food availability. Food
availability was defined monthly with phenological observation, based on the percentage of
canopy coverage along line transects within the study area. There were over 120 plant and
animal species consumed by hornbills during the breeding season. The percentage of their diet
was 48% figs, 46% non-figs, and 6 % animal parts (Austen’s Brown Hornbill seem to select
animal species more than other hornbill species). The percentage of figs decreased, while that
of non-figs and animal parts increased, after the first part of the nesting period (FebruaryMarch). This result appears to be consistent with the presence in the phenology of non-fig
fruits, which increase in March and April. Our results suggest that overall figs are the major
component of their diet. However, due to their relatively poor nutritional composition, they are
not selected over other food types.
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Management of Hornbills and their Habitats For Conservation, p. 196. CD-ROM Proceedings of the 4th
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Hornbills and gibbons share a large role in forest regeneration as seed dispersers, due to the
high frugivorous component in their diet. However, this common food selection of ripe fruit
may leave gibbon and hornbill species as major food competitors. This role will appear of
higher importance during the reproduction period, when their consequent high-energy
requirements overlap.
Parallel and detailed ecological studies on the feeding habits and reproductive strategies
of white-handed gibbon and hornbill populations have been conducted at Khao Yai National
Park in Thailand. Concerning gibbons, the study combined long-term demographic data from
over a decade with detailed measurements of variation in forest ecological quality for each
inhabited home range. Forest quality was measured in terms of potential food productivity as a
combined food abundance index (F.A.I.). The F.A.I investigated the spatio-temporal
distribution of important gibbon food resources, with a biomass coefficient quantifying fruit
production on a kg/ha basis. Spatial distribution of resources was defined for 20% of each home
range, while the temporal reproductive status of trees was defined for species comprising 80%
of the monthly gibbon diet. Our results show a marked seasonal variation in forest food
productivity, corresponding significantly with reproductive events, with gibbon conception
following months of higher food productivity (from January to April, peaking in March).
Synchronization of conception with periods of high food productivity is a direct consequence of
the higher energetic requirements of females to achieve regular ovulation.
Our combined work on female gibbon and hornbill reproductive performances revealed
a high dependence by both species on good quality resources during their respective conception
and nesting periods. These appear to overlap strongly in time, during February to April for
gibbons and January to early June for hornbills. During this period, hornbills also rely on high
quality resources to feed their developing chicks, while female gibbons need high quality items
to guarantee a regular ovulatory cycle.
In this presentation, we have assessed the importance of some plant species used by
both animals (e.g. Polyalthia viridis). In order to assess the degree of feeding competition, we
examined which plants reflect a higher cost for the different breeding animals, as well as their
nutritional composition.
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An acoustic protocol was tested, so as to develop an acoustic monitoring system for avian
communities, by conducting two standard census methods in current use: a series of 10-minute,
unlimited-distance point counts and territory mapping. The experiments were placed in five
different habitat types within two world zones: temperate grassland habitat in Fort Campbell,
Tennessee-Kentucky; temperate oldfield habitat in Freel’s Bends, Tennessee; temperate mixed
hardwood forest in Cherokee National Forest, Tennessee; tropical hill evergreen forest in Phu
Luang Wildlife Sanctuary, Loei Province, Thailand; and tropical grassland in Khao Yai National
Park, Nakorn Ratchasima Province, Thailand.
In most habitats, acoustic monitoring detected an equal or greater number of bird species
when compared to unlimited-distance point counts or territory mapping. Especially in the
tropical settings, acoustic monitoring was significantly better than the standard census methods.
Detection probability estimated by the acoustic method was similar to aural observations,
indicating that the capacity of acoustic devices to detect individual avian vocalizations was
equivalent to the ability of human hearing. It clearly showed that cost and time assessments,
based on this experimental design and the analysis for acoustic monitoring, were higher than
territory mapping and point counts. Therefore, acoustic monitoring should be used when
qualified field observers are unavailable, when many sites need to be monitored simultaneously,
and/or when the study area is inaccessible.
If and when sound-activated mechanisms and species recognition software are
developed and applied to diurnal bird monitoring, the amount of time used to analyze the
recordings will be reduced and then the costs will be comparable to point count or territory
mapping analysis. It was recommended that the system should have a sound-activated
mechanism for recording sporadic vocalizations. Then researchers will save time listening to
the recordings by using the software, and will also save the hard disk space for the next day.
However, the applicability of this technique depends on specific circumstances based upon
study objectives.
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We consider the effects of body size, movements, range size and diet on the territorial behavior
of Asian hornbills. Territoriality is generally defined as the seasonal or continuous defense of a
fixed area for the primary or exclusive use of the territory owners. Defensibility is a key feature
of territoriality, since the costs of securing a territory should not exceed the benefits accrued.
Although mate guarding is one of the most-cited reasons for territoriality, breeding
characteristics of hornbills provide few opportunities for extra-pair copulations by either sex.
Diet may play an intimate role in territoriality among hornbills, primarily through
effects on movement patterns. Territory defense depends on the ability to detect intrusion and
to move through a home range rapidly to monitor boundaries; if diet items are unpredictable in
time and space, and hornbills travel widely to feed, they may not be able to patrol boundaries
efficiently. Hornbills that feed on predictable resources occurring at high densities in welldefined patches have a higher chance of defending those resources against conspecifics.
We collated published data on hornbill body-size, range size, daily travel distances and
diet to evaluate the potential for territoriality. For seven species, we calculate an index of
defensibility (D) based on the daily distance travelled and range size. D values varied from a
high of 2.7 for the Bushy-crested Hornbill Anorrhinus galeritus to a low of 1.3 for the Great
Hornbill Buceros bicornis. We found a significant negative relationship between D values and
body-size (r2 = 0.892) and conclude that hornbills weighing more than 1,500 g tend to move
over areas too large to be defended economically. Hornbills in the genera Buceros, Rhinoplax,
Aceros and Rhyticeros should be non-territorial or display defense at the nest site only. These
genera also have species that form roost and temporary feeding aggregations. Ocyceros and
Anthracoceros hornbills maintain all-purpose territories during the breeding season but live as
non-territorial pairs, family groups or in flocks of different sizes during the non-breeding
season. Year-round territoriality appears to be restricted to species that breed cooperatively.
Bushy-crested, White-crowned Aceros comatus and Sulawesi Tarictic Hornbill Penelopides
exarhatus defend territories year-round and do not join flocks during the non-breeding season.
Among large hornbills, we see a strategy of consuming large quantities of widely
dispersed, carbohydrate rich foods that are processed rapidly. Among small-bodied hornbills,
we see a strategy of mixing protein and lipid rich foods that are processed slowly and occur in
small defensible patches. These resources are exploited most efficiently through intensive,
systematic searches. Hornbills that defend territories during the breeding season adopt a mixed
strategy, foraging like small hornbills during the breeding season, but foraging like large
hornbills during the non-breeding season.
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We recorded all hornbill species and individuals seen or heard from 14 lookout points along 13.1 km of
paved road that bisects Bala Forest, Hala-Bala Wildlife Sanctuary, southern Thailand. Our total of 620
1-hour observation periods sampled all months of 2004 and all hours of daylight. We analyzed the
number of hours required to record each species and detect the highest number of individuals within one
hour at each lookout.
We detected nine of the 10 hornbill species reported previously from Bala Forest. Seven were
detected regularly, although the mean numbers of hours to record each species varied between species
and lookouts. Rhinoceros Buceros rhinoceros, Helmeted B. vigil and Wreathed Hornbill Aceros
undulates were detected frequently at all lookouts (means 1.5 ± S.D. 0.3, 2.1 ± 0.5 and 4.6 ± 1.9
hrs/lookout respectively), while Great B. bicornis and Wrinkled Hornbill Aceros corrugatus were
detected less frequently and with more variance between lookouts (means 16.7 ± 16.0 and 14.6 ± 8.6
hrs/lookout respectively), and Bushy-crested Anorrhinus galeritus and White-crowned Hornbill Aceros
comatus, that live in groups and mainly sub-canopy, were detected infrequently (means 10.5 ± 15.1 and
34.9 ± 18.5 hrs/lookout respectively). Two species were recorded only once each, Plain-pouched Aceros
subruficollis and Malay Black Hornbill Anthracoceros malayanus, and only Oriental Pied Hornbill A.
albirostris was not detected. The mean overall time to detect all regular species was 26.4 ± 20.5
hrs/lookout. The time taken to record the highest numbers of individuals for each species within one
hour at each lookout showed less variation, with an overall mean of 31.2 ± 4.7 hrs/lookout (range per
species 24.8-36.5 hrs/lookout, excluding the two rare species). Although all species were recorded at all
altitudes, detection rates for species and highest number of individuals showed significant correlations
with higher lookout altitude for Great Hornbill and lower altitude for Wrinkled Hornbill.
Our results suggest that, where practical, extended watches from lookouts over forest provide
useful data on hornbill presence and abundance. Although not yet comparable directly to standard
techniques for distance sampling, the results can be obtained with less effort, would be easier to repeat at
intervals and are similar to methods of spot mapping. The data need to be confirmed across more years
and forest types, while the effort required might be reduced further by optimal combinations of lookout
features, observer skills, observer numbers, seasons, and times of day.
*Author for correspondence: leadbeateri@gmail.com
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INTRODUCTION
hornbills are among the largest birds present
(Wells 1999). Fortunately, most hornbill
species are visible, especially when in
flight, and noisy, with distinctive calls and
loud wing-beats, and so surveys of several
Asian species and habitats have been
conducted. These have been done using
conventional distance sampling methods,
such as line transects (Kinnaird et al. 1996;
Hadiprakarsa & Kinnaird (2007, this
volume); including at Bala Forest in
southern Thailand where we conducted our
study, Gale & Thongaree 2006) or point
counts (Marsden 1999; Marsen & Pilgrim
2003).
The chance to spend a whole year at
Bala Forest allowed us to test the results of
conventional
techniques
against
an
alternative approach, most similar to spot
mapping (Dobkin & Rich 1998). We
detected hornbills from a series of lookouts
where we could watch and listen over the
forest canopy. This was made possible by
year-round access to the lookouts along a
paved road through the forest. We estimated
how much observation effort was necessary
to record each hornbill species in the area
under surveillance, and the highest numbers
of individuals present in any one hour.

Conservation biologists and wildlife
managers, when presented with an area of
habitat, like to know what species are
present in the area, where each species
occurs, and how their numbers vary through
space and time. If this information is
available, they can then describe the fauna
and flora, demarcate habitats for each
species, and track spatial and temporal
dynamics for each population. They would
also appreciate this information being
obtained as efficiently as possible for
ongoing monitoring purposes.
It is especially difficult to determine
these details for large animals. Most occur
at low densities and are mobile, making
them difficult to find and count. Normally
only a few individuals are encountered and
sample sizes for analysis are small unless
extensive
surveys
are
undertaken.
Probability of detection also varies, since
visibility and audibility vary with species,
season and time of day, despite this being
an essential parameter in estimates of
population size, density and dynamics
(Thompson 2002).
Large birds in tropical rainforest
exemplify these problems (Pomeroy &
Dranzoa 1989) and, in Asian forests,

STUDY AREA
highest point, before dropping to 308 m
a.s.l. at 12.6 km and the west gate.
Ten species of hornbills have been
detected at Bala, in order of mean male
body mass, Helmeted Buceros vigil (3,060
g), Great B. bicornis (3,007 g), Rhinoceros
B. rhinoceros (2,580 g), Wreathed Aceros
undulatus (2,515 g), Plain-pouched A.
subruficollis (2,042 g), Wrinkled A.
corrugatus (1,590 g), White-crowned A.
comatus
(1,476
g),
Bushy-crested
Anorrhinus galeritus (1,172 g), Malaysian
Black Anthracoceros malayanus (1,050 g),
and Oriental Pied Hornbill A. albirostris
(907 g; Kemp 1995; Thong-aree 2004; Gale
& Thongaree 2006).

The Bala section of Hala-Bala Wildlife
Sanctuary is on the southern border of
Thailand (5°44’–5°57’N, 101°46–101°51’
E; 111 km2; Fig. 1). It is an area of
rainforest that covers part of the San Kala
Kiri mountains, ranges in altitude from 50960 m a.s.l., and is surrounded by
secondary forest and agriculture (Plate 1).
Our study was conducted along the
13.1 km of paved road that bisects Bala
Forest from east to west. The altitude along
the road rises from 84 m a.s.l. at 0.5 km
before the east gate, but overlooking the
Sanctuary, to 99 m a.s.l., at 0.0 km and the
east gate, to 572 m a.s.l. at 10.0 km and the
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Figure 1. Map showing the position of Bala Forest within southern Thailand, the road across
the Forest, and the associated transect trails on either side as used by Gale and Thongaree
(2006).

Plate 1. Satellite image from Google Earth, tilted northwards, to show Bala Forest covering
the mountains, the paved study road running across the centre, and the approximate position of
Hala-Bala Wildlife Research Station and the 14 lookout points (yellow dots).
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mm (1992-2004; S.D. 650 mm) but the total
rainfall during 2004 was only 77% of the
mean, and only above the monthly average
in September-October (Fig. 2). Rainfall in
the mountains of Bala appeared subjectively
to be higher than on the flats at Waeng, and
higher at higher altitudes within Bala,
probably due to orographical effects.
The mean annual temperature at Sukrin
(weather station 553201; 16 km NNW of
the eastern end of the Bala road; 120 m
a.s.l.) was 27oC (mean monthly minimum
24oC, mean maximum 32oC) and the mean
annual relative humidity 82% (mean
monthly maximum 94%, mean minimum
67%). The hottest months were in MarchMay, the coolest in November-January, and
relative humidity was consistently high but
varying inversely with temperature.

A series of trails lead off the road into the
forest on either side and this formed the
network of transect lines that were followed
by Gale and Thongaree (2006). High
rainfall has eroded the granite, sandstone
and laterite geology into a topography of
deep valleys and steep-sided ridges, making
it difficult to set straight and random
transect lines, but forcing road construction
to create, inadvertently, useful view points
over the forest canopy.
Rain at Bala falls in all months, least
during the hot season (February-July), as
afternoon thundershowers during the
westerly monsoons (August-October), and
most consistently during the easterly
monsoons (November-January, Fig. 2).
Mean annual rainfall at Waeng (weather
station 583008; 13 km NNE of the eastern
end of the Bala road; 50 m a.s.l.) was 3,455
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Figure 2. Graphs of mean monthly rainfall and standard deviation, and 2004 rainfall as a
percentage of the monthly means, as measured at Waeng, southern Thailand.
Bala Forest forms part of the catchment
area of the Kolok River and some of its
tributaries, especially the Khlong Ai
Krading stream that runs alongside much of
eastern part of the Bala road. The Forest
was declared a Sanctuary on 3 October
1997 but it had been selectively logged

prior to the national logging ban of 1989,
mainly during the 1970s, with further
logging along the road during its
construction in 1987-92. However, HalaBala Wildlife Sanctuary still supports at
least 366 bird species (Thong-aree 2004),
including most of those expected for this
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primarily of dipterocarp and palm
communities, dominated by Shorea,
Eugeissona
and
Johannesteijsmannia
species along the ridges (Niyomtham 2000).

Sundaic fauna (Wells 1999), and it also
retains sufficient large trees to provide food
and nest sites for hornbills. The forest is
classified as Malayan-type Tropical
Lowland Rain Forest and is comprised

METHODS
Our study was conducted during January to
December 2004. We chose 14 lookout
points, from sites accessible along the road
through Bala Forest, which offered the
widest views and/or most elevated positions
to see and/or hear hornbills. The location
and altitude of each lookout was determined
with a portable GPS (Garmin Etrex Vista),
and the visual field available for detection
was measured with a magnetic compass.
On each observation day, one of us
spent from 1-6 hours at a lookout point and
detected as many hornbills as possible.
Within each 1-hour observation period, all
hornbill species seen and/or heard were
recorded and their location estimated. We
attempted to count all hornbills detected,
determine the species, age and sex of each
individual, and track their movements until
no longer detected. Observations were not
made when wind and rain affected
detection, and were discontinued if these
distractions lasted longer than 10 min.
Within each 1-hour observation period,
after making the first detection of an
individual, we then recorded the interval to
the nearest minute until the next detection,
and so on to the end of the hour. All records
within a 1-hour observation period assumed
that an individual seen or heard again in the
same general area, or seen returning from

the same general direction in which it had
disappeared previously, was the same bird,
and so estimation of numbers was always
conservative.
The lookouts points used and time
spent at each varied between months and
times of day, due to logistics, weather and
use of the lookouts for additional
observations of nests, other bird families,
territorial boundaries, general behaviour
and fruiting trees. However, the combined
sample recorded from the lookouts covered
all daylight hours and seasons, and, between
lookouts, sufficient locations and altitudes,
to allow some comparisons.
The highest number of different
individuals of each species detected from
each lookout within a 1-hour observation
period was also compiled, from an
examination of all 1-hour observation
periods.
Observations of hornbill species and
numbers, collected within a lookout area
when doing other work or obtained from
other sources, were also noted, but only if
they extended the information collected
during the 1-hour observation periods.
These records indicated where the 1-hour
observation periods had under-detected the
species or individuals present, but they were
not included in any further calculations.

RESULTS
White-crowned Hornbill), two species were
observed rarely (Plain-pouched and
Malaysian Black Hornbill) and only the
Oriental Pied Hornbill was not detected.
We recorded whether detection was
achieved by sight and/or sound and,
whenever possible, the number and sex of

SPECIES DETECTION
We detected nine of the ten species of
hornbill known to occur at Bala Forest
during 620 hrs of observation from 14
lookouts. Seven species were observed
regularly (Rhinoceros, Great, Helmeted,
Wreathed, Wrinkled, Bushy-crested and
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Wreathed Hornbill, was detected about
three times less often overall (mean 14.6
hrs, ± 8.6), but was only detected at 9/14
lookouts during the 1-hour observation
periods (although detected at a further two
lookouts during other work).
Bushy-crested and White-crowned
Hornbill both live mainly sub-canopy, but
the former was more vocal, made more
supra-canopy flights across valleys, and so
was detected more (all lookouts, mean 10.5
hrs, ± 15.1), while the latter was quieter,
remained sub-canopy and was detected less
(7/14 lookouts, mean 34.9 ± 18.5 hrs,
remaining undetected at a further four
lookouts where it was known to occur from
other work in these areas).
The two rare species, Malay Black and
Plain-pouched Hornbill, were only detected
once each as a lone male at a single locality.
The minimum time taken to detect all
species from a lookout during all 1-hour
observation periods varied widely between
lookouts (6.6-58.0 hrs). It was unrelated to
the number of species expected or the
frequency of species with low detection
rates recorded at a lookout. The overall
mean was 26.4 ± S.D. 20.5 hrs of
observation across all lookouts and species.

individuals present (see Tables 1 & 2, at the
end of the paper). These data described the
main communication channels by which
detection was achieved, the most common
units detected for each hornbill species, and
they also allow comparison with aspects of
species-specific biology. Initial detection
was predominately by calls in Whitecrowned (100%), Helmeted (93.7%),
Rhinoceros (86.7%), Bushy-crested (84.7%)
and Great Hornbill (62.7%), and by sight in
Wreathed (81%), and Wrinkled Hornbill
(54.7%). Subsequent to the initial detection,
all species (excluding White-crowned
Hornbill that was only detected by sound)
were seen on average 3.8 times (range 1.57.8 times) more often once heard than vice
versa, suggesting that vocal detection was
more effective than visual.
The number of 1-hour periods in which
we detected a species, divided into the total
number of hours that we spent at each
lookout, provided a detection rate for each
species at each lookout (Table 3, at end of
paper). For the same species at different
lookouts, assuming consistent detection at
all lookouts, this rate also gives an index for
comparison of spatial preference (e.g. for
altitude, habitat or topography) by each
species. For species of similar behaviour,
size and biology (Tables 1 & 2), assuming
that they have similar chances of detection,
it also offers an index of relative abundance.
For example, Rhinoceros Hornbill, the
most widespread and detected species (all
lookouts; mean 1.5 hrs of observation for
detection/lookout; S.D. ± 0.3 hrs), was
recorded with a consistently high level of
detection. The biologically similar Great
Hornbill was detected about 11 times less
often (12/14 lookouts, mean 16.7 hrs ± 16.0
hrs; Table 3).
Helmeted (mean 2.1 hrs, ± 0.5 hrs)
and Wreathed Hornbills (mean 4.6, ± 1.9
hrs) were also detected consistently at all
lookouts, despite their quite different
biology.
The
Helmeted
Hornbill,
unobtrusive but vocal, was detected more
than the Wreathed Hornbill, obvious with
its regular and noisy supra-canopy flight.
Wrinkled Hornbill, of similar biology to

HIGHEST

NUMBER OF EACH SPECIES
DETECTED PER 1-HOUR OBSERVATION
PERIOD

Rhinoceros and Great Hornbill were
detected mainly as pairs, Helmeted,
Wreathed and Wrinkled Hornbill as
singletons, mostly males, and Bushy-crested
and White-crested Hornbill as co-operative
groups (Table 2). The only records of
Malay Black and Plain-pouched Hornbill
were of lone males.
The detection rates for each species and
the detection rates for the highest number of
the commonest units (pairs, singletons,
groups) recorded at each locality within a
single 1-hour observation period were
correlated significantly (P<0.05) for all
species (Great, r = 0.87; Helmeted, r = 0.69;
Wreathed, r = 0.83; Wrinkled, r = 0.96;
Bushy-crested, r = 0.73 and White-crowned
Hornbill, r = 0.95), except Rhinoceros
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significantly so (P<0.05) for Wrinkled
Hornbill.

Hornbill (r = 0.21; Table 4). However, the
detection rate for each species (Table 3) and
for the highest number of species units
recorded at each lookout was negatively
correlated for all species (except Bushycrested where it was neutral, r = 0.09). The
correlation was not significant for
Rhinoceros (r = –0.40), Great (r = -0.34)
and Helmeted Hornbill (r = -0.53), but was
significant (P<0.05) for Wreathed (r = 0.59), Wrinkled (r = -0.84) and Whitecrowned Hornbill (r = -0.90). This suggests
that the potential for detection of a species
at each lookout is more consistent and
significant than the expected highest
number of individuals present.
Although the rate of detection of the
highest number of species units varied
widely within and between species (3.558.0 hrs, ± S.D. 13.38-39.47 hrs), the
overall mean across species showed much
less variation (mean 31.2 hrs, ± 4.72 hrs,
excluding the two rare species).
Within each species, detection rates at
each lookout for each species, and for the
highest number of units detected, were
positively correlated for Rhinoceros (r =
0.38), Wrinkled (r = 0.94) and Bushycrested Hornbill (r = 0.38) and negatively
correlated for the rest (Great r = -0.48,
Helmeted r = -0.03, Wreathed r = -0.42,
White-crowned r = -0.33), but only

SPATIAL DISTRIBUTION
Lookouts were at different altitudes (Tables
3 & 4), so the detection rate for each
hornbill species at each lookout could be
examined as an indication of altitudinal
preference. A correlation analysis was
significant only for Great Hornbill (r = 0.61, P <0.05), indicating a preference for
higher altitudes. Wrinkled Hornbill showed
the highest but insignificant correlation with
lower altitudes (r = 0.54). The other species
showed low and insignificant trends of
preference for lower (Rhinoceros r = 0.32)
or higher altitudes (Helmeted r = –0.13,
Wreathed –0.22, Bushy-crested r = –0.24
and White-crowned Hornbill –0.23).
Altitude could also be correlated with
detection rates for the highest number of
species units at each lookout, and the same
trends were confirmed. Great Hornbill
numbers correlated significantly with
increasing altitude (r = 0.61, P<0.05) and
Wrinkled Hornbill with decreasing altitude
(r = -0.71, P<0.05). Bushy-crested Hornbill
showed an insignificant trend for
correlation with lower altitudes (r = -0.49),
but the other species showing no obvious
trend either way (Rhinoceros, r = 0.08,
Helmeted, r = 0.02; Wreathed, r = 0.09;
White-crowned, r = 0.02).

DISCUSSION
sub-optimum, and useless habitat for each
species present.
This suggests two principal and
appropriate measures of population density
and composition for a species within an
area of conservation concern. One is an
estimation of the population density and
composition only in those areas of habitat
that will support the species (distinguished,
if possible, into levels of optimality), the
second is an estimation across all habitats
within the area (at random and in proportion
to the extent of each recognized habitat
type).

THEORETICAL CONSIDERATIONS
Any species, within an area of habitat
optimum for that species, is expected to
occur there at its highest, most even and
most productive density. If habitat quality
varies in space and/or time, and therefore
becomes sub-optimal, the numbers, density
and productivity are expected to decrease
proportionately until, at some threshold, the
species is no longer able to produce, reside
or exist within the habitat. Any area
considered for conservation is unlikely to
consist entirely of optimum habitat for any
species, but rather as a mosaic of optimum,
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assume that, provided the selection of
sampling sites (transects, points) is random
and sufficient (distance transected or points
counted), with respect to the different
habitats available and number of target
individuals detected, then the results will be
statistically rigorous. Our lookout technique
assumes that, provided one observes for
long enough, then a replicable record of the
number of species and maximum numbers
(species units or individuals) will be
obtained, more akin to spot-mapping
(Dobkin & Rich 1998). In particular, our
results report on two important issues
related to the efficiency of conservation
surveys, how quickly one can expect to
detect the presence of a species and the
highest
number
of
species
units
(individuals) in a particular section of
habitat. Few have the luxury of a whole
year of observations to test this option.

Both measures assume prior knowledge
of the habitats within an area, the first about
habitat distribution and correlates with
optimality for the species, the second about
the divisions and distributions of all habitat
types. Neither of these habitat distinctions is
well defined or easy to apply in the complex
mosaic that is rainforest habitat. Both
assume that the techniques applied will
detect the presence of the species in a
consistent manner, possible for hornbills
that are obvious both visually and aurally.
The results from each measure are not
necessarily comparable or able to answer
the same questions. The first attempts to
estimate density and/or numbers of a
species within its preferred habitat, the
second density and/or numbers of a species
within a conservation area. The first is most
applicable to management of single or
closely related species, the second to one or
more conservation areas. Whether data from
lookouts can also address the second
question, estimation of numbers within an
area, is not the main subject of this paper
but will be mentioned further below.

UNITS
SPECIES,
DETECTION

AND

INDIVIDUAL

Our data from Bala Forest suggest that,
overall, one must expect to watch and listen
from a lookout over a rainforest canopy for
at least 26 hrs to record all regular hornbill
species, 31 hrs to record all individuals of
regular species, and 36 hrs if one hopes to
include rare species. However, our data
indicate a wide range of variance between
species and lookout sites in how rapidly
each species and highest number of species
units of each species might be detected. At
some sites, as little as 2 hrs would be
expected for detection of the most readily
detected species, 4 hrs for all expected units
of that species, and only 6-7 hrs for all
detected
species
and
individuals.
Meanwhile, for other species and/or sites
more than 58 hrs, our longest sample at any
lookout, might be expected, especially
given that habitat-restricted (Wrinkled
Hornbill) or secretive (White-crowned
Hornbill) species were not even detected at
some lookouts where they were known to
occur during other work, and a tenth
species, Oriental Pied Hornbill, known to
occur rarely at Bala (Gale & Thongaree
2006), was undetected during our study.

SURVEY TECHNIQUES
Most surveys attempt the second
measure, usually by random sampling
across a variety of habitats and employment
of some technique for distance sampling
(Burnham et al. 1980), either variable-width
line transects, where the observer moves
along and tries to detect the target species,
or fixed-radius point counts, where the
observer stops, waits and tries to detect the
target
species.
Distance
sampling
techniques come with a number of
assumptions and limitations, but have been
rigorously developed and successfully
applied, including to forest hornbills and in
particular at Bala Forest (Gale & Thongaree
2006 and references therein).
However, our data addresses the first
measure, testing the technique of prolonged
observation over different sections of
habitat, using the term ‘lookout’ to
distinguish our results from those acquired
by the established technique of point
counts. Distance sampling techniques
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likely during June-September and between
06:00-09:00 hrs and 17:00-18:00 hrs.
Observer effects on hornbill detection
were also possible but not controlled. Most
of our data were collected by ACK, a 60year old visitor to Thailand with limited
experience
(c. 8 months) in Asian
rainforests at the start of the study. An
observer with better search skills, or two or
more skilled observers working together,
might also require less time to record all
hornbill species and individuals. We
propose that the most time-efficient
detection and survey of hornbills will result
from an optimal combination of choices for
lookout features, observer skills, observer
numbers, seasons, and times of day.
As presented in this paper, our data do
not attempt to estimate hornbill densities
around each lookout. If such estimates were
possible, they could be compared to the line
transect techniques used by Gale and
Thongaree (2006). To attempt such
estimates, we still require GIS assessment
of the field of observation possible from
each lookout, the topography included
within that arc and distance, and a measure
of the potential area surveyed. If this
becomes possible, then our observations
from lookouts might answer the questions
raised about species density and/or numbers
within both optimum habitats and
conserved areas.

HABITAT ASSESSMENT
Our significant results for increased
detection of Great Hornbill at higher
altitudes and Wrinkled Hornbill at low
altitudes accords well with anecdotal
reports of regional preferences for each
species (Wells 1999). The data were only
compared with the altitude recorded at the
lookout site, whereas the hornbills were
recorded whether seen flying high overhead
or heard in the deep valleys below most
sites. In future, more attention given to
hornbill altitude at detection might improve
significance to the trends indicated for other
species. While we did not compile
information on forest type, topography or
any other variables for each lookout, if
these do become available then they may
also be correlated with detection rates for
each species as further indices of habitat
preferences.
EFFICACY OF LOOKOUTS
Obviously, for each species and
lookout point, there are features that
influence the detection of hornbills. These
include the intrinsic biology of the hornbill
species, the extent of habitat visible and/or
audible from the lookout, and the quality of
the habitat around each lookout for the
species concerned. Diurnal and seasonal
patterns of detection also vary for each
hornbill species, according to changes in
visibility, vocalization and, importantly in
hornbills with audible flight, mobility and,
for each lookout, due to changes in sun
angle, wind speed and direction, and cloud
cover and density. All these uncontrolled
factors, and probably others, such as the
incidence of nest sites or fruiting trees
around each lookout, will affect the time
taken to detect hornbill species and
individuals within an area. Of these factors,
diurnal and seasonal variation in hornbill
biology is expected to be the most
important factor to affect detection. For
example, predictions for the best times to
detect each hornbill species at Bala, based
on preliminary analyses of our observations
during 2004, suggest detection to be most

EFFICIENCY OF LOOKOUTS
The survey of hornbills at Bala Forest using
line transects required coverage of 68 km of
trails per month, repeated over 16 months,
at an average speed of 0.5 km/hr (Gale &
Thongaree 2006; Thong-aree (2007, this
volume)), giving an estimated time in the
field of 2,176 hours. Our survey occupied
only 620 hours of observation, but our data
suggest that equivalent results to detect all
species might have been possible within
364 hours (mean of 26 hours/lookout x 14
lookouts) and all species units within 504
hours (mean 36 hours/lookout x 14
lookouts). Although our data are not strictly
comparable at present, and may not answer
exactly the same questions, each approach
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estimates of density, then lookouts, where
available, might be an efficient technique to
assess the status of and changes in hornbill
populations.

required quite different amounts of
fieldwork, and ours may be reduced even
further if suggestions for improving
detection efficacy are adopted. If our data
can also be transformed into reliable
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Table 1. Patterns of detection of hornbill species by sight and/or sound at Bala Forest
during 620 1-hour observation periods in 2004, expressed as percentages of total
detections to indicate similarities and differences in biology and body size.
Hornbill
species
Rhinoceros
Great
Helmeted
Wreathed
Wrinkled
Bushy-crested
White-crowned

Mean
male
mass, g*

No. of
Visual or aural detection, %
detections Seen Heard
Seen
Heard
first
first
second
second

2,580
3,007
3,060
2,515
1,590
1,172
1,476

685
102
552
221
42
157
15

* Mean male mass, from Kemp 1995.
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13.0
37.3
6.0
81.0
54.8
15.3
0.0

86.7
62.7
93.7
19.0
45.2
84.7
86.7

18.0
21.6
5.4
11.3
16.7
11.5
13.3

2.3
6.9
1.6
7.7
4.8
3.2
0.0

Table 2. Patterns of detection of hornbill species by numbers and unit structure at Bala Forest during 620 1-hour
observation periods in 2004, expressed as percentages of total detections to indicate similarities and differences
in biology and body size.

Hornbill
species
Rhinoceros
Great
Helmeted
Wreathed
Wrinkled
Bushy-crested
White-crowned

Mean
male
mass, g*
2,580
3,007
3,060
2,515
1,590
1,172
1,476

No. of
detections

Nos. individuals per detection, %
1
2
3
>3 (mean, range)

685
102
552
221
42
157
15

19.4 79.4 0.4
0.7 (8.4, 5-14)
25.5 66.7 3.9
3.9 (5.8, 5-8)
88.8 8.2
1.1
1.4 (6.3, 4-9)
66.1 29.4 1.4
3.2 (5.8, 4-15)
85.7 14.3
(mean group size 4.9, range 1-8, n = 39)**
(mean group size 5.0, n = 1)**

Lone
male
12.4
13.7
83.3
49.3
73.8
-

Unit structure
Lone Pair Other
female
2.3
79.1
6.2
2.9
63.7
19.7
4.0
5.1
7.6
10.0
26.7
14.0
9.5
14.6
2.1
100.0
100.0

* Mean male mass, from Kemp 1995.
**Species live and detected as groups, some groups seen and counted, but sex composition not observed

210

Table 3. Detection rate for each hornbill species during 2004 at each of 14 lookouts along 13.1 km of road
bisecting Bala Forest, southern Thailand. Hornbill species: RH – Rhinoceros, GH – Great, HH – Helmeted, WH
– Wreathed, BCH – Bushy-crested, WCH – White-crowned, WRH – Wrinkled, BLH – Black and PPH – Plainpouched. + indicates where a species was detected in the vicinity of a lookout during other work in the area but
not during the 620 1-hour observation periods.
Lookout
RH

-0.5 km
1.8 km
2.0 km
2.2 km
3.3 km
4.0 km
4.5 km
5.0 km
6.0 km
6.5 km
7.0 km
9.6 km
10.0 km
11.0 km
Overall mean
S.D.
Minimum
Maximum

1.15
1.24
1.44
1.53
1.44
1.70
2.09
1.77
1.35
1.26
1.10
1.31
2.09
1.92
1.5
0.33
1.1
2.1

Hours of observation/number of detections
Lookout
Minimum 1-hour
observation altitude in
hours
to
GH HH WH WRH BCH WCH BLH PPH
periods per
record all lookout
m
species
46.00 2.42 5.75 +
46.00
+
46.00
84
46
6.57 1.77 6.57 6.57 2.88
+
6.57
171
46
46.00 1.84 4.60 6.57 2.88 46.00 46.00
46.00
169
46
23.00 2.56 7.67 9.20 2.42
+
23.00
184
46
46.00 2.30 2.42 23.00 5.75 23.00
46.00
193
46
7.67 2.19 4.18 7.67 4.18
7.67
267
46
46.00 1.59 2.71 23.00 3.54 46.00
46.00
344
46
46.00 2.30 2.71 9.20 46.00 46.00
46.00
364
46
58.00 2.42 3.22 29.00 4.83 58.00
58.00 58.00
423
58
8.50 1.36 5.67 +
3.09 8.50
8.50
461
34
17.00 1.48 6.80 17.00 5.67 17.00
17.00
450
34
6.80 2.00 6.80
6.80
6.80
538
34
5.75 1.84 2.30
5.75
+
5.75
581
46
6.57 3.29 3.29 +
6.57
+
6.57
477
46
26.42 2.1 4.6 14.6 10.5 34.9 46.0 58.0
26.42
Total 620
16.01 0.51 1.89 8.58 15.13 18.54
1.9 1.4 2.3 6.6
2.4
8.5
46.0 3.3 6.8 29.0 46.0 46.0
-
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Table 4. Detection rate of the highest number of the commonest species units (singles, males, pairs, groups) for each
hornbill species during 2004 at each of 14 lookouts along 13.1 km of road bisecting Bala Forest, southern Thailand. Hornbill
species: RH – Rhinoceros, GH – Great, HH – Helmeted, WH – Wreathed, BCH – Bushy-crested, WCH – White-crowned,
WRH – Wrinkled, BLH – Black and PPH – Plain-pouched. + indicates where a species was detected in the vicinity of a
lookout during other work in the area but not during the 620 1-hour observation periods.
Lookout

-0.5 km
1.8 km
2.0 km
2.2 km
3.3 km
4.0 km
4.5 km
5.0 km
6.0 km
6.5 km
7.0 km
9.6 km
10.0 km
11.0 km
Mean
Miinimum
Maximum

1-hour
Lookout
observation
altitude
RH
GH
HH
WH
WRH
BCH
WCH
BLH PPH
periods
per
(m)
hours pairs hours pairs hours males hours singles hours singles hours groups hours groups
lookout

Hours of observation/number of detections of highest number of units

15.3
11.50
15.33
23.00
46.00
46.00
46.00
46.00
58.00
34.00
34.00
34.00
46.00
23.00
34.2
11.5
58.0

3
4
3
3
5
3
3
4
4
6
4
3
3
3
3.6
3
6

3.5
46.00
46.00
46.00
23.00
23.00
14.50
4.86
34.00
34.00
46.00
46.00
30.6
3.5
46.0

1
1
2
2
1
1
1
1
2
3
4
4
1.6
1
4

46.00
46.00
4.60
11.50
46.00
23.00
11.50
23.00
29.00
34.00
34.00
17.00
23.00
23.00
26.5
4.6
46.0

5
7
2
2
4
3
4
4
3
6
7
4
3
3
4.1
2
7

5.8
46.00
46.00
23.00
46.00
23.00
46.00
23.00
58.00
34.00
34.00
34.00
46.00
46.00
36.5
5.8
58.0

1
4
4
2
4
3
4
3
4
2
3
2
4
3
3.1
1
4

46.00
46.00
9.20
23.00
6.57
23.00
23.00
29.00
17.00
24.8
9.2
46.0
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+
2
2
1
1
1
1
2
1
+
1
+
0.9
1
2

46.00
46.00
23.00
15.33
5.75
46.00
23.00
46.00
58.00
17.00
5.67
6.80
5.75
46.00
27.9
5.7
58.0

2
3
2
2
1
2
2
2
2
2
1
1
1
2
1.8
1
3

+
+
46.00
+
23.00
46.00
46.00
58.00
17.00
17.00
+
+
36.1
17.0
58.0

1
1
1
1
1
2
1
0.6
1
2

46.00 - 58.00
46.0 58.0
46.0 58.0
46.0 58.0

46
46
46
46
46
46
46
46
58
34
34
34
46
46
Total 620

84
171
169
184
193
267
344
364
423
461
450
538
581
477
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The active management of any animal species requires detailed knowledge of both its ecology
and behaviour. However, to fully understand these factors requires knowledge of how an
animal perceives its world. This is because all perception is selective, no animal responds to all
possible sources of information in its environment. Furthermore, it is clear that we cannot
assume that what we perceive, or what appears highly salient to us, is the same in other animals.
In short, when planning the management of a species we need to know what environmental
cues an animal can, and does, respond to in guiding particular behaviours.
In essence, each species is “tuned” only to certain aspects of its environment, and if we
want to understand in detail their behaviour and ecology we too must “tune in” to the same
environmental features. This is a difficult task, requiring both knowledge and imagination, and
the best route to gaining some understanding of how the world might be perceived by a
particular species, or group of species, is through comparisons between species. Even if these
do not tell us precisely how an animal perceives its world, they do allow us to at least define the
likely limits of what an animal might respond to in its environment.
Among birds, vision is widely regarded as the primary sense employed in the control of
many aspects of behaviour, and recent studies indicate that birds inhabit a quite different visual
world to our own. Vision, however, is a multifaceted sense and it is not clear which capacities
are most closely correlated with the control of particular behaviours. There are three particular
aspects of visual capacity in birds that, through comparative studies, have been correlated with
differences in behaviour and ecology: colour vision, spatial vision (acuity) and visual field
topography. These comparative studies allow some degree of generalisation and hence insight
into the behaviour and ecology of species which have not been investigated in detail. This
paper uses data from a range of sources to suggest some general properties of vision in
hornbills.
The paper first describes some recent work of my own on visual fields in hornbills and
shows how these appear to be adapted to the characteristic precision-grasping used by foraging
hornbills. I then describe some general points about acuity and colour vision in birds and
suggest how these can be extrapolated to hornbills. Finally, I give a brief sketch of how the
visual world may appear to hornbills compared with our own visual world. I argue that this
allows us to gain insight into the behaviour and ecology of hornbills that has value in planning
their management both in captivity and in the wild.
Reference: Martin, G.R. & Coetzee, H.C. 2004. Visual fields in hornbills: precision-grasping
and sunshades. Ibis 146: 18-26.
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INTRODUCTION
The state of Arunachal Pradesh on North
East India, with her vast geographical area
and rich biodiversity, is home of various
species of wild flora and fauna, many of
which are critically endangered. Our state
can rightly be proud of her record of
conserving various species of wild animals
and birds, and their habitats, despite sever
biotic pressure. We have been able to
achieve this only because of our rich
traditions of peaceful co-existence with
nature. Being a tribal state, people are
mainly dependent on forest and wildlife, not
only for their domestic obligations but also
for maintaining their rich traditions and
cultural heritage.
The Nyishi, one of the largest tribes
in Arunachal Pradesh, is known to protect
their culture and tradition zealously, and
any attempt to tamper with them is not
tolerated. Nyishis have been living in
harmony with nature, as is manifested
through colourful traditional costumes
derived from nature. The Nyishi tribe has
different ritual activities that respect nature.
They have strong traditional practices, of

restricted use of vegetation and social
taboos on hunting in the breeding season, as
a vital indication of their expression of
solidarity and love for wildlife.
Unlike the women, male members
are fond of using articles derived from wild
animals and birds for adornment. Long daos
cutters, decorated with tiger jaws and bear
and monkey fur are considered a very
lucrative traditional asset of which every
Nyishi male is proud. Besides feathers, the
claws and tails of the racket-tailed drongo
also signify spiritualism and wisdom status
in the society.
The Wanchos and Noctes tribes of
Tirap use feathers of hornbill to decorate
their caps during important occasions, while
the Nyishis adore both feathers and beaks as
decoration on their bopyia, a traditional cap
made out of cane and bamboo (Plate 1).
Animal parts, used in traditional dress,
signify manliness and valour and this habit
is prevalent, not only amongst the Nyishi,
but also in other tribal communities across
the globe.
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Plate 1. Nyishi couple, the man wearing a
traditional bopyia headbress with the upper
mandible and casque of a Great Indian
Hornbill adorning the crown.

HORNBILLS OF ARURNACHAL PRADESH
been reduced to only a few thousand and
now it is rarely seen in the wild.

In Arunachal Pradesh, four species of
hornbills are found, namely Rufous-necked
Aceros nipalensis (Puyo in Nyishi), Great
Indian Buceros bicornis (Pega), Oriental
Pied Anthroacoceros albirostris (Gaare)
and Wreathed Hornbill Aceros undulatus
(Phu). The Great Indian Hornbill, is a large
and conspicuous bird of the tropical forests
of North-east India (Plate 2), and is the state
bird of Arunachal Pradesh. Unfortunately,
this majestic bird, once profusely ruling the
canopy of the forest, is rarely seen in the
forest today.
The ‘King of Canopy’ or Pega is
today loosing its battle for survival because
of destruction of its prime habitat and
mindless killing. An increase in human
population has not only caused a decline in
their habitat, but also resulted in wanton
killing of this bird for its beak, feathers, fat
and meat. The population of the bird has

Plate 2. Wild adult male Great Indian
Hornbill showing the large bill and casque.
Photo courtesy Hornbill Project Thailand.

TRADITIONS AND HORNBILLS
Nowadays, Nyishi youngsters are showing
more affinity towards owning bopyia and
daos. This, in turn, has increased the
demand for hornbill beaks at an alarming
rate, for which the supply has to be met
from the forest.
But, the truth being that only a few
thousand birds are left, these cannot fulfill

the ever-increasing demand for the beak.
Should we let the killing continue, a time
will come when the Nyishis will have to
give up their tradition of wearing bopyias
with the last hornbill being killed for the
beak.
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species from the forest of Arunachal
Pradesh, and a time would come when the
bird would vanish and with it the tradition
of wearing beaks.

Realizing the gravity of the situation, I
conceived an idea to design a replica of the
real hornbill beak, made of fiberglass,
which could be given to the tribesmen as a
substitute for the real beak (Plate 3).

Plate 4. A series of locally made fiberglass
replics of the upper mandible and casque of
the Great Indian Hornbill.
Plate 3. Fitting a fibreglass replica of the
bill of a Great Indian Hornbill to the top of
a traditional Nyishi bopyia headgear.

The effort finally paid off when the
Nyishi community publicly asserted that the
loss of hornbills would be a threat to their
culture and tradition, of which the bird was
an integral part.
By accepting the fiberglass beaks,
the Nyishis have finally set a unique
example to the world that they are ready to
sacrifice their tradition for the sake of
conservation of hornbills. Today, the entire
Nyishi community feel proud to save the
symbol of their cultural identity in the wild
- THE HORNBILL - and they are perhaps
the only tribe in the world to have initiated
such a bold step.
His Excellency, the President of
India, Shri. A. P. J. Abdul Kalam, was
presented with the traditional headgear,
decorated with the fiberglass beak, on his
maiden visit to Itanagar on 15 October 2002
by the Indigenous Faith and Cultural
Society of Arunachal Pradesh. This has
finally broken the age-old practice of
presenting dignitaries with bopyia decorated
with real hornbill beaks. Fiberglass beaks
have now been distributed in Itanagar,
Poma, Jote, Basarballah, Doimukh, Yazali
and Seijosa.

This was discussed with the
Arunachal Wildlife and Nature Foundation
and the Wildlife Trust of India (WTI), a
Delhi-based NGO that later helped in
designing the fibreglass beaks. A workshop
on fabrication of fibreglass beaks, in
collaboration with WTI, the National
Museum of Natural History in New Delhi,
and the Nyishi Indigenous Faith and
Cultural Society, Itangar, was organized in
Arunachal for local manufacture of beaks.
Local artisans were trained in the technique
of fibreglass beak fabrication, to make
available beaks in the market and also serve
as a self-sustaining activity for them (Plate
4).
Initially, there was stiff resistance
from the village elders, who saw fibreglass
beaks as an infringement upon their rich
cultural heritage, handed down over
generations. Being from the same tribe, I
had an advantage to convince my fellow
tribe’s people that unless killing of hornbills
for their beaks stopped, the Nyishis would
live with the stigma of being the only tribe
in the world to have wiped out the entire
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Plate 5. Nyishi tribesman proudly wearing his traditional bopyia headdress, now adorned on
top with a handmade replica of the bill and casque of a Great Indian Hornbill. Photo courtesy of
Divya Mudappa.
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INTRODUCTION
Conservation education and awareness is
often a part of larger conservation
programmes. However, often this remains
simply a set of activities undertaken or
educational products produced, added on as
an afterthought amongst other components
and where it usually has the lowest priority.
In addition, even when it is an important
part of an overall programme, the
constraints of funding, time, and manpower
preclude the meeting of all initial goals
outlined. Therefore, at the outset it is
important to delineate clearly the goals of
such education, and identify the target
groups and different strategies that need to
be adopted for it to be truly effective.
An important component of the
Hornbill Conservation Programme in

Arunachal Pradesh, north-east India, that
was initiated in 2003, has been conservation
education and awareness. Some projects on
hornbills, and their role and importance in
forests, have been with local tribal
communities at project sites, mostly the
Lisu, while others have been to develop,
produce and distribute educational material
for urban and rural children. The
programme also has involved Lisu youth in
documenting wildlife folklore from village
elders.
Biologists
and
indigenous
communities value wild species with rather
different currencies. Finding a philosophical
middle ground between preservation and
utility is often the biggest obstacle to
effective conservation.

TARGET GROUPS
The conservation education programme was
aimed at varied target groups and included
those that have direct and/or indirect
impacts:
1. Indirect impacts: Urban children,
across India,
2. Direct current and future impacts:
Rural children, mainly tribals at specific
project sites in Arunachal Pradesh, northeast India,
3. Direct current impact: Adults in
tribal communities, including hunters,

consumers, buyers of wild meat, politicians
and administrators at specific project sites.
URBAN CHILDREN
Among urban Indian children, there is often
poor
knowledge,
awareness
and
appreciation of Indian wildlife and forests.
There is also limited or no direct contact
with nature. The urban environment shapes
their lifestyles and worldviews and, with
increasing consumption, they will have
indirect impacts and consequences in the
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future. Therefore it is important to
communicate the wonders of nature, create
awareness of the consequences of human
impacts and understand how this may affect
humans.

(TRIBAL AND NON-TRIBAL
COMMUNITIES)
Apart from household consumption of wild
meat by tribal communities in the villages
around the project sites, there is also
demand for wild meat in the towns and
villages. Hunters therefore sell wild meat,
primarily of primates and deer, to
supplement their cash income. Hornbills,
especially the Great Hornbill Buceros
bicornis, and pheasants are also targeted,
for display of their upper beak and casque
or their tail feathers, for the purported
medicinal value of their fat, and secondarily
for meat. Hunting is a major activity among
most tribal communities, not only among
village communities. So, while our other
programme interventions with the Lisu
community address the hunting problem,
there is also a need to address the problem
at the level of wild meat consumers and
buyers in the townships, which are the main
places where wild meat is sold. There is
also occasional hunting from the small
townships for sport and pleasure, by
government staff, army personnel and local
leaders, both tribal and non-tribal.
Reduction of the demand for and sale of
wild meat requires creating an awareness of
existing wildlife laws among politicians,
government staff, defence personnel and
other sections that often buy wild meat and
encourage hunting. The demand for wild
meat among these sections is not due to any
need, as they have the access and ability to
purchase domestic sources of meat, but
because of a preference for wild meat.
ADULTS

RURAL CHILDREN
Tribal communities, on the other hand,
value wildlife in a different way. Rural
tribal children often have curiosity, interest
and knowledge of the wildlife around them,
and they are also in direct contact with
nature. However, there is usually little
appreciation of the existence values of
wildlife or the threats that species face due
to human impacts and use. Their fathers are
often hunters, a major pastime among these
children is the use of catapults and traps,
and consumption of wild meat is common
in tribal households. These very same
children, on becoming adults, may turn into
hunters or buyers of wild meat and thus
have direct current and possible future
impact. For them, until now, wildlife has
mainly a utilitarian value. There is also a
limited understanding of the finiteness of
natural resources, and the threats and
consequences
of
human
impacts.
Communication
of
the
need
for
conservation to tribal children is also,
therefore, a more challenging task, where
the goal needs to be achieved without
preaching, sermonizing and making valuejudgments. In this target group, the ultimate
goal is to nurture an interest and
appreciation of wildlife, that leads to
empathy and caring and results in attitudinal
and behavioural changes in the use of
wildlife, such as reduction in hunting.

OBJECTIVES AND APPROACH
As this is aimed at a larger, more dispersed
audience, the approach taken is more
indirect, by producing and using relevant
educational materials that can reach a large
number of children. The primary aim for
many of the educational products was to
increase interest and appreciation of the
wildlife in India, to result in some
knowledge absorption and spreading of the

URBAN CHILDREN: BACK TO NATURE
1. Communicate the wonder of nature, its
diversity and threats.
2. Develop greater awareness of sociocultural diversity, conservation costs to
rural people, how humans impact nature
negatively, and how this affects humans.
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rural children, this objective required
production of material that was relevant and
specific to the project sites, and created a
focused and directed engagement with
children at specific field sites. We decided
that the programme should be intensive,
with children from a small set of schools,
and with repeated interactions and
programmes, rather than an extensive one
with larger groups and limited interactions.

conservation message. This in the hope that
it brings at least an appreciation for nature
and its diversity, and increases awareness of
the indirect yet crucial ways in which urban
lifestyles and increasing consumerism
affects wild nature. These products, aimed
mainly at urban Indian children, were for
generating knowledge for its own sake, with
no defined goal of actually changing
attitudes and behaviour. In addition, we also
aimed to establish formal and informal
partnerships with other conservation NGOs,
specific environment education NGOs and
interested individual volunteers that could
use the educational material for wider
dissemination via direct active participation
through their own existing nature education
programmes.
RURAL

ADULTS:

WILD MEAT CONSUMERS AND

BUYERS

1. Reduce hunting.
2. Stop consumption and sale of wild meat
in local markets and towns.
This target group required a very different
strategy, to address a direct and current
threat and be in line with the overall aim of
the project, the reduction of hunting. The
approach here will be mainly to hold
workshops and meetings with different
sections of the community, especially
directed at buyers of wild meat. This will be
used to primarily increase awareness of
wildlife laws, penalties, the threatened
status of wildlife because of hunting, and
the consequences of breaking the law. In
addition, anti-hunting posters and wildlife
films can also be shown as tools to spread
awareness.

TRIBAL CHILDREN: CATAPULTS TO

CARING

1. Build appreciation of intrinsic values,
and empathy.
2. Keep interest and skills alive, nurture
curiosity.
3. Build awareness of potential finiteness,
threats, impacts and consequences.
While most of the educational materials
produced for urban children were broad
enough in scope to be also of use among

ON-SITE ACTIVITIES
youth. Both tribal and non-tribal children
study at the schools in the Miao area. Nontribal children are usually children of
government staff, businessmen or traders
from other parts of India. The tribal children
were from the Tangsa, Singpho, Lisu,
Wancho, Nocte, Apatani, Adi and Nishi
tribes. There are also children from the
Nepali, Tibetan, Chakma, Hajong, and
Lama
communities
in
Miao
and
surrounding villages.
We started with a private primary
school in Miao, when 30 children between
7-10 years of age turned up for a day-long
programme that we conducted in April

NAMDAPHA
The activities undertaken here have been in
six Lisu villages and settlements, mainly in
the kindergaten schools set up by us,
although some activities also included
children from the government primary
schools in the Lisu villages. We have
conducted activities in Miao, the main
township near Namdapha and a few
surrounding villages where most wild meat
is sold. Here, the programme is being
conducted with the help of the Society for
Environmental
Awareness
and
Conservation of Wildlife (SEACOW), a
local NGO in Miao started by the Singpho
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2005. We used a series of role-playing
games to explore basic ecological concepts
with the kids. For instance, a game of catch
was transformed into an elementary lesson
on trophic dynamics: wearing animal masks
the kids formed simple food chains
(leopard-gibbon-fruit, snake-toad-butterflyflower) and the higher trophic levels had to
chase down their own ‘food’. A visit to the
zoo in Miao caused much excitement, and a
barrage of curious questions followed after
the children learnt that the animals in this
zoo were all present in the nearby forests.
We also held a painting competition where
the children were asked to draw their
favourite animals. All the children were
given small prizes, while the two most
creative entries were given copies of our
hornbill book as prizes. Later, we interacted
with older tribal youth from the
Government Secondary School (Classes 6
to 9) and showed them wildlife films that
generated questions and a discussion.
Other activities at project sites have
included screening of wildlife films, slide
talks, outdoor games and activities,
classroom
interactions,
painting
competitions, and village clean-up activities
with children. We also showed wildlife
films to the adult community, and had
meetings in all the settlements and villages
to discuss the need for wildlife
conservation.

KIDS FOR HORNBILLS
Gaining the attention and interest of urban
audiences often required the use of species
that have appeal and are powerful symbols
for conservation. Therefore, often the large,
charismatic and flagship species are used to
attract interest, for example, the elephant,
tiger or giant panda. Hornbills are big,
flashy birds, and their strange and funny
appearance lends itself to caricature and is a
source of appeal. Their unique life-history
characteristics, habits and nesting behaviour
create interest, and their monogamous
habits and strong parental care also generate
empathy. Their important role as seed
dispersers or as ‘farmers of the forest’ also
demonstrates the usefulness of birds and
their importance in ecosystem functioning
and processes. All these traits enable people
to identify more easily with these birds. An
additional value among tribal communities,
especially in North-east India, is their
importance in folklore, ritual, myths and
customs.
Among tribal communities in the
North-east, the hornbill, especially the
Great Hornbill, is often known as the king
of birds. It is also designated as the state
bird of Arunachal Pradesh, but the primary
value remains utilitarian, as meat, the
purported medicinal value of its fat,
decorative use of its upper beak and casque
as headgear, or for tail feathers as part of
headgear.

PROGRAMME OUTPUTS: EDUCATIONAL MATERIAL
awareness activities of these organizations
in 20 urban localities in India. At some
places they also conducted awareness
campaigns, gave talks, schoolchildren were
given the poster to read, and pre- and postreading assessments were made to gauge
understanding and assimilation. Children
were given assignments about hornbills that
included plays, skits, poems, paintings,
posters and essays. The best entries were
given prizes. About 4,500 posters have been
distributed to date, 70% to about 600
schools through 18 regional and/or local

1. POSTER ON HORNBILLS OF NORTH-EAST
INDIA: ‘OUR HORNBILLS: FRIENDS OF THE
FOREST’
This was an educational poster produced for
children, introducing the five hornbill
species found in North-east India, using the
theme of hornbills as “Friends of the
Forest”, and focusing on their role as seed
dispersers and their unique nesting habits.
Five thousand copies were printed. Posters
have been distributed primarily through
local NGOs or individuals involved in
environmental education, as part of nature
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gauge how much more they knew about
hornbills and how much they had retained.
They were then provided with drawing
materials and asked to make a painting
depicting hornbills in the classroom. The
paintings were judged by the tribal youth
and all the children got some ‘prizes’ for
their efforts, while the best entries were
given our hornbill books as prizes. Most of
the paintings were highly original, many
depicted the nesting behaviour of hornbills,
and they were also very imaginative in use
of colour, not necessarily corresponding to
the colours of actual hornbill species. The
programme generated a lot of interest and
enthusiasm
among
the
children,
schoolteachers and parents. The answers
written by children to questions about
hornbills were also very interesting and
showed the awareness about hornbills
among these tribal children in contrast to
that of non-tribal children in urban areas
where the same set of questions were asked
in other programmes.

NGOs, while the rest were given to
individuals. The posters have been
distributed in 40 cities, towns or villages in
16 states. Some posters have been
distributed to schools near protected areas
and the bulk of these posters were
distributed among rural schools in
Arunachal Pradesh and other North-east
Indian states.
Talking hornbills: active distribution of
posters
At about 400 schools where posters have
been distributed by NGOs, volunteers
conducted specific programmes along with
poster distribution. In 105 of these schools,
mainly for Classes 5-8 and students of 8-15
years of age, reading assimilation was also
tested. The posters were used actively by
first giving a talk or a slide show about
hornbills. The children were tested on their
pre-poster reading knowledge about
hornbills and this was followed by a poster
reading session in groups, and finally they
were tested on their post-reading
knowledge. Classroom discussions were
held and most children had high retention of
the content. The knowledge gained was
creatively reinforced through follow-up
activities and assignments that included
nature trails, skits, poems and artwork, the
latter sometimes put up on school notice
boards. In a few cases, the NGOs and
volunteers for rural children translated the
poster into local languages, such as
Assamese and Bengali. In a few places,
competitions were held and prizes and
awards were given to children. This poster
has been appreciated for its content and
appeal by environment educationists.
In November 2005, the local NGO
SEACOW organized a programme in nine
schools around the Miao area, actively
using the hornbill posters. The programme
involved a short talk about hornbills to the
children of Classes 4-6, the children were
then given a set of questions about hornbills
to gauge their knowledge of hornbills prior
to seeing the poster. The children then
divided into groups and read and looked at
the posters for 15 minutes. Following this,
they were again given a set of questions to

2. CHILDREN’S

BOOK ON HORNBILLS AND
RAINFORESTS OF INDIA: ‘WALK THE
RAINFOREST WITH NIWUPAH.’

A 40-page children’s book on hornbills and
rainforests was written, illustrated and
designed as part of the programme. It
targeted children ≥8 years old, mainly urban
children. The book has a Great Hornbill
character called Niwupah as the guide, who
takes the reader on a walk through India’s
rainforests, on a journey of discovery that
introduces species, processes and threats.
The first part of the book talks about the
flora and fauna in India’s rainforests, while
the second part talks only about hornbills.
Instead of printing limited copies of the
book with conservation grant money, which
would have limited access and distribution,
we thought it better to get it published
commercially to ensure wider availability
all over India. It has been published and
marketed widely by a leading educational
publisher, Katha, based in New Delhi. The
book has also been reviewed in The Hindu
and in Parenting magazines. Two thousand
books have been sold to date, while a
further 500 are being distributed at project
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Distribution: Specific schools around
project sites.
Activities in workbook to be tied broadly to
subjects they are being taught in school, as
well as knowing about the forests and
wildlife around them, with simple, low-cost,
black-and-white drawings.

sites. Some local language translations are
being undertaken by Katha.
3. ACTIVITY AND COLOURING BOOK ON
HORNBILLS:
‘LET’S DISCOVER OUR
HORNBILLS.’
A supplementary hornbill activity and
coloring book was produced in 2005. This
book is a children’s guide to the nine
species of hornbills in India, for the age
group of 6-11 years old, and it is a book
designed for learning about hornbills by
doing. The book has numerous activities,
games, puzzles, a colouring section and
lastly a quiz. There are cartoon hornbills
and fun facts about hornbills. Feedback has
also been sought from children who use the
book. Initially, 2,500 copies were produced
and the book is being sold at Rs50, although
about half are being distributed free, mainly
at project sites. Translations of the book
into several local languages are planned to
ensure wider access for rural children.
4.

OTHER
UNDERWAY:

OUTPUTS

B. Education charts for school children
in Arunachal Pradesh, with alphabets
and numbers that use the names of
familiar local flora, fauna, and other
objects
Target: Tribal children, mainly kindergarten
and Class 1.
Distribution: Schools in Arunachal Pradesh.
C. Audiovisual presentation on wildlife of
North-east India
Target: Tribal and non-tribal school kids.
Distribution: Schoolteachers, North-east
environment education NGOs and
local tribal organizations, for use in
their education programmes.
An entertaining, visually exciting, audiovisual presentation, with a voice-over in
both English and Hindi, that introduces the
audience to the variety and wonder of
different species, ecosystem functioning,
processes and interactions, why these are
important, and the varied threats they face.
It will be presented as if they are taking a
tour or walk through various ecosystems
and habitats.

CURRENTLY

A. Environment and wildlife workbooks
for schoolchildren around Pakke and
Namdapha TR, with supplementary
guidebooks for use by schoolteachers.
Target: Tribal and non-tribal school
children, mainly for Classes 5 -8.

FEEDBACK
There was a stark contrast in the levels of
awareness, knowledge and attitudes about
hornbills between rural tribal children and
urban non-tribal children. The latter had
less awareness and knowledge, but were
usually amazed and shocked that hornbills
are hunted for meat or killed for some other
purpose. In many cities, they could not
understand why people would want
hornbills. On the other hand, rural tribal
children had higher levels of awareness and
knowledge about hornbills, and did not see
anything wrong with hunting or killing
birds or other animals.

Even in a small town like Miao,
there was a noticeable difference in the
levels of ecological awareness and attitudes
between tribal and non-tribal children.
While most of the children were aware that
some of these wild animals were hunted, the
non-tribal kids expressed horror and
disbelief that their tribal classmates had
eaten and enjoyed wild meat. Tribal boys
frequently went to the forest and admitted
to killing birds for sport with their catapults.
Their knowledge of hornbills and the forest
in general was remarkable, and several had
seen hornbills in the nearby forests.
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vital to keep this instinctive appreciation of
nature
intact,
while
fostering
an
appreciation for its intrinsic values and its
potential finiteness. This will hopefully
lead, to voluntary changes in behavior,
without the need to lecture them on the
rather alien notions that eating wild meat or
killing birds with catapults is ‘bad’.

However, despite Namdapha being in their
own backyard, none of the non-tribal boys
had been there.
The older tribal children had a depth
of first-hand knowledge seldom seen among
urban kids, and a curiosity about the forest
that was engaging. Conservation education
here would have to keep in mind that it is
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INTRODUCTION
The Southern Ground Hornbill Bucorvus
leadbeateri has always played an important
part in people’s lives in the rural areas of
Zimbabwe. In the Bird Awareness
Programme (BAP) run by the Education
Division of BirdLife Zimbabwe (BLZ), it
soon became evident that this hornbill was a
high profile bird in the school communities
that participated in the project. At training
workshops, teachers often referred to the
plight of this large bird. They noted its
decline in numbers and cited habitat
destruction as the main cause of its demise.
One of the participants said that few people
born in the last twenty years have actually
seen the bird in districts where it was once
common.
The
Education
Editorial
Committee at BLZ noted that teachers were
alarmed at the disappearance of the bird in
districts where it was once common in parts
of Mashonaland and Manicaland. Writers
and editors responded by including the
Southern Ground Hornbill in their
publications and posters and these have now
reached thousands of school children and
staff members.

and is based on a schoolboy’s winning
drawing.
 The back cover of the bird booklet for
schools features the Southern Ground
Hornbill and its title is “Enjoy the
Birds of Zimbabwe” (first edition
1999, second edition 2001).
 The Shona translation of the above
booklet
“Nakidzwai
neShiri
dzemuZimbabwe” also has the bird on
the back cover (2002).
 A storybook called “Flying with the
birds” has a Southern Ground Hornbill
on the front cover and an account of
this bird in the text (draft stage in
2005).
Newsletters to schools and a newspaper article
have carried feature articles on the Southern
Ground Hornbill.
WHAT’S IN A NAME?

This unusual looking bird with an
extraordinary voice is called by different
names in various parts of Zimbabwe:
Mashonaland - Dendera and Jijidza after its
frightening call; Manicaland - Riti;
Matabeleland - Insingizi.

BLZ EDUCATIONAL PUBLICATIONS

 The Southern Ground Hornbill logo
appears on all educational material
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hornbills are common. These completed
questionnaires arrived too late for inclusion in
this paper.

EDUCATION PROGRAMME REACHES A
WIDER AUDIENCE THROUGH A SOUTHERN
GROUND HORNBILL CAMPAIGN

It has been the aim of this programme to
reach a wider audience in schools and rural
communities than was managed so far.
When the schools project reached saturation
point at 180 schools by the end of 2004
through resource constraints, it was decided
to concentrate campaigning for the Southern
Ground Hornbill. A poster with a
questionnaire was produced and distributed
to promote awareness of this bird in rural
communities.
Interviews
were
also
conducted to find out respondents’
perceptions of the bird. A total of 260
questionnaires were sent out, but almost all
those filled in were completed during the 50
interviews that were conducted. Most
respondents were male. Those in the 30 - 40
age group provided detailed interesting
information. A further 40 responses to
questionnaires have been obtained from the
Matabeleland Branch of BLZ where ground

WHERE THE PEOPLE LIVE
INVOLVED IN THE CAMPAIGN

THAT

WERE

Most of the people came from communal
areas in Mashonaland and Manicaland, where
society and structures have remained stable
over about 90 years. These communities are
the backbone of the country. Men were the
target group. They see birds on their walks and
rides, while women have limited time or
opportunity for these activities. The vegetation
type in these areas is Miombo Brachystegia
woodland, which has been altered to varying
degrees to a landscape with a lower
biodiversity. One common ecosystem that
represents the climax vegetation consists of
short Cynodon dactylon grassland with
scattered trees and wooded hills, but in the last
few years many of the remaining trees have
been removed for sale, firewood or house
construction.

PEOPLE’S PERCEPTIONS AND INTERACTIONS WITH THE SOUTHERN GROUND
HORNBILL
them.” Villagers have attempted to make
use of these abilities by burying a
Southern Ground Hornbill head in a
mouse hole in the hope that people would
then catch mice, as do the hornbills.
 There were reports of hornbills scaring
mice at their holes by calling loudly. The
frightened mice would run out of their
holes and get caught and eaten by the
birds.
 A Southern Ground Hornbill can extract
the flesh of a tortoise so as to leave the
shell clean and undamaged. Such skills
were attractive to witches in search of
increasing his/her magical powers.
 One report from the Gokwe district was
of the hornbill eating a goat kid. Incensed
villagers now stone the bird or chase it
with a pack of dogs and kill it whenever it
comes near the village.

These comments may be adjusted and
expanded as the awareness programme
progresses.
COMPETITION FOR RESOURCES BETWEEN
PEOPLE AND THE HORNBILL

It appeared that rural folk and the Southern
Ground Hornbill might compete for natural
resources such as rats and mice, and, in some
areas, tortoises. Domestic chickens and their
chicks may be taken occasionally, and if this
occurs then villagers remember the incident
for generations.
FOOD AND FEEDING BEHAVIOUR
Respondents have given the following
comments:
 One response was, “The bird must be a
prophet as it can predict where the mice
can be found, dig them up and eat
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 This hornbill was reported to eat chicks
and domestic fowl. Where this happens
it was attacked.
 While catching a chicken, a hornbill
was attacked by a baboon.

BREEDING
All respondents claimed never to have seen a
nest, except for one man who did not give
details. Several people were puzzled about
how the hornbill numbers were sustained,
given that they often see only a breeding pair.
When larger groups were seen, no one could
distinguish the ages of individual birds in the
groups.

Feeding behavior in Southern Ground
Hornbills has led to these birds digging up
objects buried in the ground, such as antipersonnel mines. As the hornbills are light in
weight they did not detonate the mines.

FLIGHT
Several references were made to the slow
laboured flight of the bird. From Buhera came
a report that dogs in a hunting pack will kill
the bird if they can. It is slow to take off and
flies but a short distance before it lands on the
ground. The dogs race up, it struggles to take
off again and they catch, kill and eat it.

ONCE IN A LIFETIME KILLING
How Dendera improves the success of the
hunt
Samson Gunheya of Karoko village,
Hurungwe District, told this story. In this
village Samson’s sister is a n’anga or tribal
witchdoctor. She admired the skills of the
Dendera in finding mice and tortoises,
especially as these birds did not even have
the high vantage point that vultures possess
as they fly and look down for carcasses.
She wanted to increase her powers of
divining where to find duiker to hunt and
honey sources to harvest and so needed a
Southern Ground Hornbill. Her brother set
out to kill one of these birds for her. He
baited a fishhook with a small bird, attached
a line and laid the bait where hornbill parties
often walked. He hid behind trees and when
a hornbill swallowed the bait it could not fly.
He cut off its head and threw the body away
as it is considered poisonous to people. His
sister then burnt the head over the fire. The
ashes were used to rub into lacerations on
the forehead and sides of the face.
After a month, she had the power, as
a n’anga, to dream up sites where game or
honey could be found. She would then give
directions to hunters with their dogs. They
firmly believe they are more successful at
hunting now that the n’anga’s dreams and
predictions have improved. This would be
the only time a Southern Ground Hornbill is
killed for this n’anga, and only a few
individuals practice in a district.

VOCALIZATION
The deep booming call, more than any other
feature, has connected this hornbill to the
people. Six types of calls are recognised –
territorial contact, alarm, fright, acceptance
and begging calls (Kemp & Kemp 1980).
Respondents recognize and report on
territorial and contact calls. This has given rise
to local culture and practices that surround the
bird; a few examples of which are given
below:
 A forty-two year old teacher said, “I have
never forgotten as a small boy my mother
saying, “Listen, that is the call of
Dendera”. The birds were heard near
Domboshava, 30 km from Harare, but
have since disappeared from the area.
 The call was widely associated with
weather forecasting. Most claim that it
starts calling at the beginning of the rains.
This attribute gives it a good and
respected image.
 Drums were sometimes fitted with fresh
wattle skin from the bird and the drum is
then meant to sound like Dendera. This
report came from Nyanga North.
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The duet call was rendered in songs: a
popular song refers to the birds feeding on a

tortoise and is still sung in Matabeleland:

Ndebele:
Female - “Umtwan’ sedobi fudu lwakhe.”
Male - “Akulethe lapha Kengimhlephu hlephunele
Mina yise wakho.”
Translation:
Female - “ The child has picked up a tortoise.”
Male - “Bring it here so that I can pick it into pieces since I am the father.”

In Mashonaland’s Karoi and Hurungwe
districts, this song has an extra line and is
sung at schools and during story telling at

night, as reported by Katenaire Derrison
(Ranger No. 2, Parks and Wildlife,
Marongora):

Shona:
Female - “Dendera- Dendera Mwana wanhonga kamba.”
Male - “Ngaauye – Ngaauye ndimutsemurire.”
Juvenile - “Handidi- Handidi ndinotsemura ndegani.”
Translation:
Mother/female - “Our young one has found a tortoise.”
Father/Male - “Tell him to bring the tortoise to me and I will open it for him.”
Child/immature - “No! No! I will open it myself.”
Another rendering of the hornbill’s
call was sung in the Eastern districts, the
high notes of the first bird or wife being

followed by the lower tones of the answering
bird, the gruff practical husband, and here the
duet was as follows:

Shona:
Female - “Riti! Riti! Mwana waenda!”
Male - “Zvakanaka, miromo yokupa zvokudya yavewo mishoma!”
Translation:
First bird or wife – “Riti! Riti! The child has gone!
Second bird or husband - “All right, the fewer mouths to feed!” or
“I have less trouble in getting food!”
In Shona custom, a son-in-law cannot
say “No” to his mother-in-law’s requests.
According to storyteller and Senior Ranger
Gift Marowa, the Southern Ground Hornbill’s
call bemoans the fact that he, the son-in-law,

could not carry the heavy load given him by
his mother-in-law. She was moving house
and, when he did not follow, others went to
look for him and he cried out and then he
died:

Shona:
Male - “Mm, mm, mm, yamugogo.”
Translation:
Male/Son-in-law - “I can’t228
take off with this heavy load.”

INDIGENOUS KNOWLEDGE
In Zimbabwe a rich culture of beliefs, taboos
and legends has been woven around the
Southern Ground Hornbill. Some of these
beliefs and practices lead to traditional
conservation on the bird. The bright red
colour of the face and throat skin is a symbol
of blood, death or danger. Because it has
unusual behavior patterns and a striking
appearance, it is linked to witchcraft. It is
regarded rather like owls and nightjars vehicles of witches. To kill a Southern
Ground Hornbill is taboo. The killer will be
constantly reminded of this by the birds
calling and dancing round the homestead
until he too dies. This taboo gives some
protection to the bird. N’angas use parts of
the bird to boost their powers. But if needed
for a particular treatment, the patient is
required to locate and bring a dead bird to
the consultation.
The offensive smell of the Southern
Ground Hornbill has been mentioned in
some parts of Africa but has not been
reported on in this survey, nor the sacrificing
of a bird by a ‘rain doctor’ to break a
drought. The smashing of windowpanes by
territorial males was also not reported on,
probably because most rural homesteads

have no windows with glass; but recently three
schools have reported broken windows.
The situation was different in a
recently resettled community. A teacher, Mr.
B. Sekenhamo, who trained in our awareness
programme and is studying at the nearby
Solusi University near Bulawayo, reported on
his findings in this community. He found that
the children in the farming community held
many negative views on the hornbill. However
one of the learners, a 13-year-old girl, had a
more balanced view and she wrote, “Its cries
are associated with a heavy downpour. At
times if you provoke it by hitting it or if you
see it fly across the homestead, a tragedy will
take place in the family. Traditional healers
use the bones for various purposes.”
Mr Sekenhamo added “The school
draws its enrolment from nearby resettlement
areas that were once owned by white
commercial farmers. The area is still rich in
flora
and
fauna
including
unique
ornithological species.” To conserve this rich
biodiversity he is of the opinion that BirdLife
Zimbabwe should start a conservation
programme for this community. He suggests
that this would be well received as most
people follow a religion with a conservation
focus. They are Seventh Day Adventists.

PROGRESS IN THE CAMPAIGN
 Our main effort so far was to make a
visual and awareness impact at schools,
rural communities and selected urban
areas, through the use of posters and
pictures accompanied by written
messages on the problems the birds face
and how communities can help. Stories
on the hornbill’s life style have also
been distributed.

 Interviewing people familiar with the
Southern Ground Hornbill has been
successful in spreading the word that the
range of the bird has shrunk considerably.
Respondents were keen to pass on
information and share experiences. Most
were glad to find an organisation
interested in the conservation of the bird
and were willing to assist in the
campaign.
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FUTURE EFFORTS IN THE CAMPAIGN
 Most songs, stories, taboos and beliefs
are to be collected and published in a
booklet, which, it is hoped, will have a
wide distribution. Rural people will
enjoy such a resource. This traditional
knowledge needs to be recorded before
it is lost. Mainly middle-aged and older
people hold this information and they
will also be important to place
conservation measures in communities.
 Some efforts will be made to campaign
among people who have taken over vast

areas of land from commercial farmers,
since many of these farms were partly
devoted to biodiversity conservation. For
some of the new owners, both farming
and conservation are entirely new
concepts, and, for them, chopping trees
and culling game are perhaps the only
ways of maintaining a cash flow at
present.
 The electronic and print media will be
engaged in the next phase of the
campaign.

THE AWARENESS CAMPAIGN AND THE FUTURE
Awareness campaigns prepare communities
for management strategies that may be
implemented in the future to save the
Southern Ground Hornbill populations
outside the protected areas. It will be
necessary to include a wide range of
community stakeholders in any plans. Many
of them appear willing to become active in
management techniques to ensure success in
future conservation programmes.
It is also felt that the Southern
Ground Hornbill should have legal

protection. This was suggested as early as
1934 by Captain C. D. Priest who wrote “It
most certainly should be added to the
protected list”. Recently (December 1998) I
also wrote that it was time that the Southern
Ground Hornbill received special protection,
and many villagers interviewed also supported
this measure.
May the Southern Ground Hornbill
continue to call and may the villages continue
to get good rains
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ABSTRACT
Engelbrecht, D., Theron, N., Turner, A., van Wyk, J. & Pienaar, K. 2007. The status and conservation
of Southern Ground Hornbills Bucorvus leadbeateri in the Limpopo Province, South Africa. In: Kemp,
A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats for Conservation,
pp. 231-240. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge,
Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
A survey was conducted to determine the distribution and status of the Southern Ground Hornbill
Bucorvus leadbeateri in the Limpopo Province of South Africa, excluding the Kruger National Park.
Historical data, interviews and an intensive media campaign were used to collect as much information as
possible on the past and present distribution of the species. Once all the information was collated, we
embarked on a field survey to establish the present distribution of the species and to estimate the number
of individuals. When groups were encountered, the major land-use types in the area were identified, and
present and potential future threats to the species were noted. The results of the study suggest that the
area supports approximately 60 individuals in 10-14 groups. This is considerably less than previous
estimates for the region.
The successful conservation of the species is complicated by factors such as the species’
biological and ecological requirements, the geography of the region, habitat destruction, persecution,
poisoning and its popularity in the traditional medicine trade. Despite these challenges to the species’
survival, there are a number of opportunities that exist to facilitate conservation efforts. These include,
amongst others, the species’ charismatic nature, its status as one of the “Big Six” birds and hence its
eco-tourism potential, the efforts of various non-governmental organizations, heightened public
awareness about the plight of the species, possible upgrading of the species’ conservation status, and
national and provincial legislation aimed at protecting the species. Research priorities for Southern
Ground Hornbills in the Limpopo Province are highlighted.
*Author for correspondence: fauna.pburg@mindsmail.co.za

INTRODUCTION
The Southern Ground Hornbill (SGH)
Bucorvus leadbeateri (Vigors, 1825) has a
widespread distribution throughout the
woodland, savannah and grasslands of the
moist Afrotropics south of the equator
(Kemp 1988). Despite its large global
range, the species is included in various Red

Data publications and is categorized as
‘Vulnerable’ in South Africa (Barnes 2000)
and of ‘Least Concern’ globally (Birdlife
International 2004).
The SGH is of particular conservation
concern in South Africa, where a dramatic
reduction of its historic distribution range
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Tarboton et al. 1987; Knight 1990).
Nevertheless, even in pristine conservation
areas the species is sparsely distributed and
occurs at low densities. This suggests that
even the largest conservation areas are
insufficient to support long-term viable
populations for the species at a global scale.
The long-term survival of the
species will, therefore, depend on its
survival outside formally protected areas,
such as privately owned land and rural
areas. Most research on the species’ biology
to date has been conducted in formally
protected conservation areas. Since it is
estimated that two-thirds of the South
African population occurs on private land
and in communal areas, areas with almost
no formal protection, it is imperative that
the species’ biological and ecological
requirements,
and
constraints,
be
determined in these areas. Furthermore, the
species has considerable marketing
potential as one of the ‘Big Six’ birds and is
therefore of economic importance in the
eco-tourism industry. The SGH is also a
‘flagship’ species for the savannah biome
and therefore serves as a valuable indicator
species for this biome (Le Roux 2002).
From the above, it is evident that a
study on the biology and ecology of the
species outside formally protected areas is
long overdue. Present and future threats to
the species in the area should be identified,
quantified and management recommendations made as a matter of urgency. In light
of the above, a study was initiated on the
biology and ecology of the species outside
formally protected areas. The first phase of
the study is a survey to determine the
current distribution and status of the SGH in
the Limpopo Province, excluding the KNP,
and a preliminary identification of potential
threats and research priorities. Preliminary
results were presented at a PHVA for the
species in early 2005 (Morrison et al. 2007,
this volume), but considerable additional
data has been accumulated.

occurred (Kemp 2000). According to
Kemp, the SGH has experienced a decline
in numbers in excess of 10% in the last
three generations, and it is estimated that
the maximum population in South Africa IS
now between 1,500-2,000 individuals. The
reasons for the species drastic decline in
numbers include:
• removal of large trees that are
suitable for nesting,
• disturbance at nest sites, e.g. human
activity,
• habitat alteration for commercial
farming and sylviculture, including
afforestation of its grassland
foraging habitat along the eastern
escarpment,
• direct and indirect poisoning,
• persecution and sometimes shooting
due to its habit of attacking its
reflection in window panes and
sometimes breaking the windows,
• the traditional medicine trade
(Derwent & Mander 1997; Kemp
2000).
In addition to these anthropogenic threats,
the species’ ecological requirements and
general biology also contributes to its sparse
distribution throughout its global range
(Kemp 1976; Kemp & Kemp 1980; Kemp
et al. 1989; Kemp 1995).
The abovementioned anthropogenic
threats and biological and ecological
constraints have already contributed to the
local extinction of the species in the
Gauteng and Northwest Provinces of South
Africa, and critically low numbers in
Swaziland (Parker 1994). The South
African
population’s
stronghold
is
undoubtedly the large conservation areas of
the Kruger National Park (KNP) and its
adjacent conservation areas, although high
densities also occur in the conservation
areas of northern KwaZulu-Natal, the
farming areas of the KwaZulu-Natal
midlands, and the rural areas of the Eastern
Cape (Cyrus & Robson 1980; Vernon 1986;
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METHODS
historic distribution range of the species.
Personal interviews were held with people
who had knowledge of historic nest sites in
the study area, and requests for information
were supplemented by an intensive media
campaign involving newspaper articles,
radio broadcasts, talks at schools and to
interest groups, and articles in popular
magazines. The media campaign provided
valuable information on the species’
historic and present distribution range. Once
all the information of the desktop study and
media campaign was collated, a field survey
was conducted to determine the species’
present distribution range and status. The
field survey involved visiting all sites for
which historic and recent records of the
species existed, and also allowed interviews
with local residents. Along the way,
subjective observations were made of the
major land-uses and potential threats in
areas where SGHs were recorded.

Our study was conducted in South Africa’s
Limpopo Province, excluding the KNP. The
study area included a range of land uses,
including:
• formally protected conservation
areas, such as the Greater Blouberg
Conservation Area, Venetia Nature
Reserve and Mapugunbwe National
Park,
• areas that are not formally protected
but are relatively pristine and
undisturbed, such as game farms
that focus on eco-tourism and the
hunting industry,
• communal lands and villages,
• commercial agricultural farms.
The study area also included three
recognized Important Bird Areas, the
Blouberg Vulture Colonies, Vhembe Nature
Reserve (now Mapungubwe National Park)
and the Soutpansberg (Barnes & Tarboton
1998).
Prior to the field survey, a desktop
study was conducted to determine the

RESULTS
Our study indicates that the Limpopo
Province, outside the KNP, supports fewer
than 60 individuals in approximately 10-14
groups. This estimate is considerably lower
than a recent estimate of 140-600 birds in
60 groups for the Limpopo and
Mpumalanga Provinces of South Africa
(Morrison et al. 2005). There were three
records of single birds (all males) and it
could not be established reliably if any of
these were part of a group or not. Most
sightings were recorded along two major
rivers, the Mogalakwena and the Limpopo
(Appendix 1). The few records in the northeast of the province (four records from the
same area which probably represent a single

group) is cause of concern, as is the paucity
of records (n = 6 records) in the Lowveld
west of the KNP. Three of these records are
from conservation areas adjacent to the
KNP and may represent the western limits
of the home ranges of protected groups.
The results of the study show a
range reduction when compared to the atlas
data of Tarboton et al. (1987) and Vernon
& Herremans (1997; Fig. 1). The most
notable areas of absence, when compared
with these atlases, are in the Limpopo River
Valley in the north-east of the province and
the area south of Musina but north of the
Soutpansberg mountain range.
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Figure 1. Distribution of Southern Ground Hornbills during the present survey (green dots),
plotted on top of the atlas data (red grid squares) of Vernon and Herremans (1997).

DISCUSSION
The results of our study provided valuable
insight into the present distribution of the
species in the Limpopo Province and also
highlight several challenges to the
successful conservation of the species.
However, we also identified several
opportunities that can be used to ensure the
long-term survival of the species.

breeding pair per group, specific nesting
requirements, a long incubation and nestling
period (40 and 85 days, respectively), a
long post-nestling dependence period, the
age at first breeding estimated at 4-6 years,
a low reproductive success (one chick
successfully fledged approximately every
nine years), and its high predicted lifespan
(Kemp 1976; Kemp & Kemp 1980; Kemp
et al. 1989; Kemp 1995). All of the above
renders them extremely vulnerable and
impairs their ability to recover rapidly from
population declines.
The large home ranges complicate
the formulation of a conservation
management plan for the species as a
group’s home range may include a wide
range of land-use types. It appeared not

CHALLENGES
Biology
As mentioned above, the species’ biological
and ecological requirements contribute to
its sparse distribution throughout its range.
SGHs live in social groups and occupy
territories with a mean size of 100km2 in
area (Kemp & Kemp 1980). Other
contributing factors include only a single
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international boundaries, this also presented
problems when attempting to determine a
group’s movements. Furthermore, there is
no coherence in the conservation status of
the species in each of these countries, and
so it may be necessary to consider a
regional conservation assessment of the
species.

uncommon for a group’s home range to
include areas of pristine habitat, commercial
agricultural lands, subsistence farming areas
and overgrazed land.
Geography
The major land-uses in the area include
commercial and subsistence agriculture,
eco-tourism and urban development. There
is also considerable variation in the quality
of habitat, as certain farms may be
considered
pristine,
whereas
the
neighbouring farm may show signs of
overgrazing and/or bush encroachment.
Large parts of the study area are
remote and have low human population
densities, and several farm owners do not
live permanently on their farms, and hence
may not be present when SGHs are present
on their farms. These factors may have
contributed to a low reporting rate in such
areas, while opportunities to follow groups
were complicated by fences, especially
game fences. Access could not be obtained
to certain farms, as the owners were not
present, and so following a group on foot to
determine the size of their home range
and/or group structure was virtually
impossible.
The northern parts of the study area
border on Botswana and Zimbabwe and,
since groups move freely across

Habitat destruction
Wood
harvesting
(commercial
and
subsistence) for fuel and construction
purposes is one of the major contributing
factors to habitat degradation in the study
area. Apart from the felling of large trees,
which may impact negatively on the
breeding of the species, wood harvesting
may lead to bush encroachment and
deterioration of habitat quality for SGHs.
Poor land management is another source of
concern in the savannah biome, since
overgrazing decreases food availability and
habitat quality if it leads to bush
encroachment.
Afforestation along the northern
Drakensberg escarpment has resulted in a
decrease in suitable habitat for SGHs in this
area (Plate 1). Once common in the
grasslands along the escarpment, their
numbers had been reduced to a single wild
female in this area in 2004.

Plate 1. Afforestation along the escarpment has resulted in a dramatic decline of numbers in
this area.
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The species
The SGH is a very charismatic species. The
media campaign and the response to it have
highlighted the public concern over the
conservation of the species. The species’
status as the world’s largest hornbill
species, as a flagship species of the
savannah biome, and its frequent
association as the symbol of ‘wild Africa’,
are all factors which facilitate conservation
efforts.

Persecution
The species’ habit of attacking its reflection
in shining surfaces, such as windows, and
thus causing damage to property, has
resulted in direct persecution. Direct
persecution was a major issue, based on
subjective reports by residents who used
words such as “many”, “lots of” and
“several”. In the absence of concrete data, it
is impossible to give clear numbers, but it is
evident that persecution was a major
contributing factor in the species’ decline
near Haenertsburg and has resulted in the
killing of a female at Pokanong near
Blouberg in June 2004.

The eco-tourism industry
The species’ status as one of the ‘Big Six’
birds makes it an ideal draw card in the ecotourism industry and is frequently used as a
marketing ploy. Moreover, several landowners have indicated their willingness to
assist with reintroduction efforts to establish
groups in areas where they occurred
historically. However, prior to this the
proximal reasons for the decline of the
species in those areas need to be established
and addressed.

Poisoning
Although we could not find direct evidence
of SGHs being poisoned in the present
study, the disappearance of a group of seven
birds coincided with a poisoning incident
near their former nest site in 2004.
Interviews with landowners revealed at
least five separate poisoning incidents that
involved SGHs.
Although SGHs are not directly
targeted by poisoning or the use of
pesticides, they may be indirect or
secondary victims of these practices. The
indiscriminate use of poisons and pesticides
in the Limpopo Province needs urgent
attention.

The Ground Hornbill Research and
Conservation Project (GHRCP)
The GHRCP aims to halt the decline of
SGHs in the wild through education and
awareness and by harvesting secondhatched nestlings. SGHs usually lay two
eggs, but almost invariably only raise one
nestling to fledging. The other nestling,
usually the second-hatched nestling,
normally dies from starvation as it is outcompeted by the stronger first-hatched
nestling. The second-hatched nestling is
raised at the project’s head quarters at the
Mabula Game Reserve and is then later
released back into the wild to establish new
groups or augment existing groups.

Traditional medicine trade
It is well known that the SGH features
prominently in the traditional medicine
trade,
especially in
KwaZulu-Natal
(Derwent & Mander 1997). The extent to
which the species features in the traditional
medicine trade in the Limpopo Province is
unfortunately not known. The traditional
medicine trade may also indirectly affect
the SGH. Bark stripping of large trees, their
favoured nesting sites, may lead to the death
of these trees and ultimately to the loss of a
nesting site.

The Ground Hornbill Working Group of
the Endangered Wildlife Trust
The above-mentioned working group was
established in August 2004 with the
objective of coordinating and directing all
the conservation efforts for the species in
South Africa. One of the first activities of
this working group was a Population
Habitat and Viability Assessment (PHVA)
Workshop that was held in February 2005.

OPPORTUNITIES
Despite the challenges faced to conserve the
species in the Limpopo Province, there exist
a number of opportunities that may
contribute to the species’ survival.
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and this greatly facilitates our conservation
efforts.

The PHVA laid the foundation for the
future activities of the GHWG and formed
the basis of the objectives drawn up for the
GHWG. One of the outcomes of the PHVA
was the establishment of a GHWG
Advisory Committee with the task of
facilitating the implementation of the
PHVA outcomes.

Conservation status
The species’ is currently listed as
‘Vulnerable’ in South Africa (Barnes 2000)
and of ‘Least Concern’ globally (Birdlife
International 2004). However, the PHVA
clearly indicated that this listing is
inadequate and that the species’ status
should be upgraded to ‘Endangered’ in
South Africa. Upgrading of the species’
conservation status will increase awareness
of the plight of the species that may have
medium- to long-term benefits for the
conservation of the species.

Education and awareness
Given the size of the study area, an
intensive
education
and
awareness
campaign forms a critical component of
conservation efforts in the area. Through
the awareness campaign, we highlight the
plight of the species and raise awareness of
the species’ biological and ecological
requirements and the threats faced by the
species. In this regard, we regularly present
talks at schools, farmer’s days and festivals,
and have also presented talks to bird clubs,
conservation organizations, radio stations,
and other interested organizations. We also
use the media, such as newspapers and
popular magazines, to raise awareness and
this has proved to be very successful.
Thousands of posters featuring the plight of
the SGH have also been handed out to
schools and organisations. We also
encourage reporting of sightings to the
GHRCP at Mabula Game Reserve. We
now have a network of people who
regularly report sightings in the study area

Legislation
The National Environmental Management:
Biodiversity Act (Act 10 of 2004), as well
as
the
Limpopo
Environmental
Management Act (LEMA) (Act 7 of 2003),
provides measures for the protection of the
species. For example, the LEMA makes
provision for the declaration of SGH
nesting sites as “sites of ecological
significance” that may not be disturbed in
any manner, unless a person is in possession
of a valid permit.
Although legislation should only be
used as a last resort, these two acts
nevertheless
provide
conservation
authorities with the necessary powers to
ensure the protection of the species.

CONCLUSIONS
In light of the foregoing, the research
priorities for SGH conservation in the
Limpopo Province include:

4. Determine and quantify the threats to
the survival of SGHs in the region.
5. Determine the movement of groups
within their territories.

1. Continued annual monitoring of the
status and distribution of SGH groups
outside the KNP.
2. Research into the extent of the use of
SGHs in the traditional medicine trade.
3. Determine the group size and, where
possible, the group structure, home
range, breeding site and productivity of
each group.

In conclusion, the study provided
valuable information on the status and
distribution of the species outside formally
protected areas, its interaction with man and
his environment and prospects for its longterm survival.
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Appendix 1. Recent sightings (2003-2005) of Southern Ground Hornbills in the Limpopo
Province, group size and, where possible, group structure.
Quarter
Degree
Grid
03/04/2003 Hoedspruit
2430BD
11/11/2003 Manyeleti
2431CB
07/04/2004 Rooiberg
2427DD
31/07/2004 Blouberg
2229CC
01/09/2004 Mapungubwe
2229AB
01/10/2004 Mapungubwe
2229AB
02/10/2004 Proefplaas
2229BD
02/10/2004 Lucern
2229BD
03/10/2004 Samaria
2229AA
10/10/2004 Paardenkloof
2228DB
01/11/2004 Lucern
2229BD
11/01/2005 Buffelsdrif
2327CA
13/01/2005 Lucern
2229BD
19/01/2005 Lucern
2229BD
07/03/2005 Blouberg
2229CC
25/04/2005 Buffelsdrif
2327CA
28/04/2005 Makuya
2230BD
01/05/2005 Arden
2228DB
10/05/2005 Blouberg
2229CC
11/05/2005 Letaba Ranch
2331CA
23/05/2005 Langjan
2229CD
25/05/2005 Breslau
2229AC
28/05/2005 Rooiberg
2427DD
28/06/2005 Boelamien
2228DB
29/06/2005 Makulu Makete 2229CA
01/07/2005 Arden
2229CA
02/07/2005 Landsdowne
2229CA
25/10/2005 Dendron
2329CB
29/10/2005 Ceon
2229CB
Date

Location

Tentative
group name
Riversdale
Manyeleti
Rooiberg*
Pokanong
Mapungubwe
Mapungubwe
Proefplaas
Lucern
Mapungubwe
Paardenkloof
Lucern
Buffelsdrif
Lucern
Lucern
Pokanong
Buffelsdrif
Makuya
Mogalakwena
Pokanong
Letaba Ranch
Langjan*
Breslau
Rooiberg*
Mogalakwena
Mogalakwena
Mogalakwena
Tolwe
Dendron*
Ceon

* Singleton, probably not a group
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Group structure
Group
size
Male Female Immature Juvenile
3
2
1
2
4
4
5
3
4
2
3
3
3
3
6
3
3
3
3
3
1
5
1
3
3
3
3
1
2

1

1

1

1

1

1

1

1

1

1

1

1

2

1
1
1

1
1
1

1
1
1

Habitat viability for the Southern Ground Hornbill in
Tanzania: the case for the Malagarasi – Moyovozi
Ramsar Site
Paul WILFRED*
P.O. Box 13879, Dar es Salaam, Tanzania

ABSTRACT
Wilfred, P. 2007. Habitat viability for the Southern Ground Hornbill in Tanzania: the case for the
Malagarasi – Moyovozi Ramsar Site. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of
Hornbills and their Habitats for Conservation, pp. 240-244. CD-ROM Proceedings of the 4th
International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.
Southern Ground Hornbills (SGHs) Bucorvus leadbeateri not only confine themselves in protected areas
but also move outside, thereby coming across a sea of humanity. To assess their habitat viability,
different sites were investigated. All individuals seen and/or heard were counted and recorded. Socioeconomic data were also captured through household surveys in villages adjacent to the protected area.
Chi-squared (χ2) was employed to test for significant differences in SGH population status between
protected and surrounding areas. Regression analysis was used to understand the pattern of relationships
among independent factors (altitude, temperature, time, vegetation type) against the dependent factor
(number of SGHs observed). Data from household surveys were analyzed using descriptive statistics
such as percentages and frequencies. Generally, the number of SGHs was large at sites outside the
protected area. However, no individuals were observed in farmlands and village habitats. Grazing and
fires set by pastoralists outside the game reserves played an important role in opening up the area,
thereby attracting good numbers of SGHs. Conservation plans should also address human activities that
threaten the existence of these birds.
*Author for correspondence: pwilfried@yahoo.com

INTRODUCTION
The Malagarasi-Muyovozi Ramsar Site
(05°00'S 031°00'E) is an excellent example
of a wetland ecosystem in good condition
(Tanzanian Wildlife Division 2000). It
provides a dry season refuge and feeding
area for migratory animals and the area
also supports a number of vulnerable or
endangered species. Wetland habitats in
the area are surrounded by extensive
Miombo
Brachystegia
woodlands,
grassland patches and wooded grasslands
that form part of a larger region of forests
and wetlands covering about 15 million ha
in western Tanzania. The region supports a
considerable floral diversity, and besides

water birds, several other important bird
species are found.
Southern Ground Hornbills (SGHs)
Bucorvus leadberateri are among the bird
species found in the area and their
occurrence at some places within the
region indicates the presence and status of
their specific and favoured habitats. Cody
(1985) argued that most bird species need
areas of specific habitats that fulfil their
ecological requirements. Morrison et al.
(2005) pointed out that SGHs are
indicators of the status of savannah and
that this habitat requires a lot more
attention than previously thought. The
importance of this study emerged to assess
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viability of habitats in support of SGHs in
the area.

The main working hypothesis of the study
was that human activities are a threat to
SGHs.

METHODS
Different sites were surveyed basing on the
vegetation type, land-use system and the
likelihood of the presence or absence of
SGHs. The area was classified into open
grassland, wooded grassland, woodland,
settlements and farmlands. The land use
types were considered to be conservation
(protected areas), agriculture, grazing and
settlements. All individual SGHs were
observed, counted and recorded, and the
distance estimated to the nearest land use
type.
To obtain socio-economic data on
natural
resource
management
and
utilization, a mult-stage sampling design
was employed. A sample of wards was
selected based on their proximity to the
protected areas of Ugalla Game Reserve,
and Ugunda and Inyonga Game Controlled
Areas. Four villages were then selected
randomly from the wards, namely Igalula,
Kamsisi, Lumbe and Uyumbu. A cluster
sample of households in each village was
then selected randomly to avoid bias. The
sampling intensity applied in each village
was about 5% of the households.
Interviews were done with household
heads, but other members were allowed to
participate to supplement the information
given by the household head. Other data,

such as the surrounding temperature,
altitude and time, were captured by
thermometer, Global Positioning System
and wrist-watch respectively.
A Chi-Squared (χ2) test was applied
to determine significant differences in
SGH
populations
between
legally
protected (state owned) and surrounding
areas. Multiple regression analysis was
carried out to identify environmental
factors (altitude, temperature, time
vegetation type) that determine distribution
of SGHs. The general model used was:
yi = a+b1x1+b2x2+…+bixi+e
where yi is the observed number of SGHs
at site i; x1 to xi are environmental factors
envisaged to affect the number and
distribution of SGHs; a constant a stands
for the value at the y-intercept of the
regression equation; b1-bi are independent
variable coefficients and e represents
random disturbance error. Descriptive
statistics, such as percentages, frequencies
and means, were employed in analysis of
socio-economic data. The computer
programmes involved were Statistical
Package for Social Surveys (SPSS) and
Excel.

RESULTS AND DISCUSSION
A total of 58 SGHs were observed from
grassland sites, 25 birds from woodedgrassland sites, nine birds from woodlanddominated sites, and no birds from either
farmlands or village habitats/settlement
areas (Table 1).
The tabulated value of χ2, for two
degrees of freedom at 5% significance, was
6.0, higher than the measured value, which

means that the difference between the
number of SGHs observed in the protected
and surrounding areas is significant. A
range of different vegetation types in
Malagarasi-Muyovozi Ramsar Site had a
strong impact on determining the number
of SGHs recorded at different sites during
the study (Table 2). Variation in the
occurrence or distribution of individuals of
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structure (McClure 1972; Diamond 1973;
Cody 1985).

certain bird species is partly due to the
variation of habitats available and mainly
determined by the plant community

Table1. Results of a Chi-squared (χ2) analysis of Southern Ground Hornbill numbers at
different sites in protected and surrounding areas of the Malagarasi-Muyovozi Ramsar Site.
Sample area
Protected areas
Surrounding areas
Total

Southern Ground Hornbill numbers, observed (expected, χ2 = 9)
Open grasslands
Wooded grasslands
Woodlands Total
21 (27.7)
16 (12.0)
7 (4.3)
44
37 (30.3)
9 (13.0)
2 (4.7)
48
58
25
9
92

Table 2. Regression analysis of environmental factors influencing Southern Ground Hornbill
distribution in the study area of the Malagarasi-Muyovozi Ramsar Site.
Environmental variable
xi
Temperature
Altitude
Time
Vegetation
Distance

y (R2 = 53%)

b
-0.091
-0.079
0.215
0.823
-0.072

Significance*
0.29 (NS)
0.316 (NS)
0.041*
0.0001*
0.610 (NS)

xi = Independent factors on x-axis; y = Dependant factor (number of SGHs observed); R2 =
Coefficient of determination; * = Significance at 0.05 level; NS = Non-significant; b = Beta
weight.
Regression analysis showed that
time and vegetation type had positive
influences on the number of SGHs
observed, while temperature, altitude and
distance from the nearest land use had
negative relationships with the occurrence
of SGHs at a particular site. The average
temperature range in the study area was
19-27oC and birds were recorded at any
time of the day from 09:00-18.00 hrs.
During the afternoon and evening hours,
when the temperature was a bit cooler,
most birds were observed actively feeding
in pure grasslands. However, at noon,
when the sun was at its peak, only a few
birds were recorded from woodlands and
none from grasslands.
At all the sites visited, the elevation
ranged from 1,000-1,300 m a.s.l.. Most of
the grasslands where the birds were most

frequently encountered had elevations
ranging from 1,000-1,071 m a.s.l. In most
cases, the nearest land use to the site of
observation was grazing lands. Normally
grazing land involved clearing the
woodlands to encourage grass, thereby
creating patches of grasslands that were
utilized by SGHs.
The highest percentage of SGHs
was recorded from grasslands outside the
actively protected wildlife areas (Fig. 1).
All the areas outside the game reserves are
included in game controlled areas and
wildlife management areas where the level
of protection for habitats is minimal
(Tanzanian Wildlife Division 2000). This
accounts for extensive grassland patches
outside the reserves that are largely due to
human activities. The main socioeconomic activities taking place in the area
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reserves, where the main land-use is nature
conservation. Such large proportions of
woodland might have discouraged SGHs
from inhabiting the area (Fig. 1). The total
percentage of SGHs outside the protected
area is 52%, which is higher than that
inside the game reserve at 47%.

included livestock keeping (36%),
harvesting of timber and other forest
products (30%), agriculture (21%) and
hunting (13%). Most of these activities
involved clearing of forest to give room for
extraction of resources, thereby extensively
reducing the forest cover.
On the other hand, most of the treedominated area is within state-owned game

Figure 1. Contribution of Southern Ground Hornbills at different sites and on the different
land use systems surveyed.
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There were no SGHs recorded in
the settlement areas and farmlands where
most agricultural activities were taking
place. Agricultural activities are expanding
as the human population grows through
high birth rates and local and refugee
migration (Tanzanian Wildlife Division
2000). The principle food and cash crops
grown in the area are tobacco (45%),
cassava (26%), maize (18%) and rice
(11%). This may in future threaten the
natural grassland patches through either
destruction and/or fragmentation.
To know the attitude of farmers
towards the SGHs, respondents were asked
whether and what they liked or disliked
about these birds. A total of 58% of the
respondents seemed to have negative and
27% positive attitudes towards SGHs,
while 15% knew nothing about them. The

most obvious reasons for disliking groundhornbills included: lack of direct benefits
realized from them (40%); if it makes a
call at or near a homestead there is a
possibility of bad luck happening at that
particular homestead (34%); and their
association with witchcraft (26%). The
only reason for a positive attitude was that
SGHs, which are also called filimbi in
Swahili, have got the right to live
anywhere, just like other species of birds.
Therefore, to some extent, SGHs have a
close interaction with local people whose
awareness
of
the
scientific
and
conservation importance of these birds is
poor. Elsewhere in Africa, the situation
may be quite different. For example, in
South Africa, SGHs are listed as
‘Vulnerable’ as they have disappeared
from large areas where they occurred in the
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land-use has been establishment of pine
trees plantations, even though there is
conclusive evidence that such kinds of
commercial afforestation have already had
a major impact on grassland birds,
including SGHs (Morrison et al. 2005).

past and are now only common in reserves
(Morrison et al. 2005). The different levels
of development and land use systems that
exist among the people may cause this
difference. For instance, in some areas near
Polokwane in South Africa, a flourishing

MANAGEMENT IMPLICATIONS RECOMMENDED
attention to the importance of conserving
savannah ecosystems. Extensive study of
prospects for people’s involvement in
conservation of the environment may give
detailed
information
on
proper
management of the remaining grasslands
for the betterment of ground hornbill
conservation in the area.

Conservation plans should address human
activities that threaten the existence of
SGHs, in order to ensure environmentally
friendly activities. Existing grassland
patches and woodlands in the area should
be maintained. Long-term assessment of
population status, trends and distribution of
SGHs in the area may help to attract more
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ABSTRACT
Kalamira, N. 2007. The status of the Southern Ground Hornbill Bucorvus leadbeateri in some
protected areas of Malawi. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of
Hornbills and their Habitats for Conservation, pp. 245-251. CD-ROM Proceedings of the 4th
International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.
The Southern Ground Hornbill Bucorvus leadbeateri has been recorded in protected areas in the
northern, central and southern regions of Malawi. In the past, their distribution also covered
customary land areas but, due to rapid deforestation as a result of opening up land for agriculture,
ground hornbills are now restricted to National Parks, Wildlife Reserves and Forest Reserves.
Despite the birds having a wide range of distribution in Malawi, their numbers are very low. With
no comprehensive census and surveys on these birds in the country it is difficult to ascertain their
population size. However, surveys conducted from 2001 to 2003 at Tsamba, Ntchisi and
Mughesse Forest Reserves sighted only a pair, three pairs and three individuals respectively. The
low numbers of birds could be affected by loss of habitat, wild fires and hunting of the birds for
their meat, and for feathers used in the preparation of traditional regalia.
*Author for correspondence: museum@malawi.net, nashionkalimira@yahoo.co.uk

INTRODUCTION
Malawi has about 650 bird species
(Benson & Benson 1974). Their
distribution is varied, depending upon
the species’ habitat preference. There are
three essential eco-zones in Malawi that
need to be accessed, namely the southern
rift valley, the Miombo Brachystegia
woodlands, and the northern plateau
grasslands and forests. Previous work
showed that the distribution of the
Southern Ground Hornbill (SGH)

Bucorvus leadbeateri was over a wide
range (Fig. 1).
Benson and Benson (1974) recorded the
bird’s presence in all three regions of the
country, in the districts of Nsanje and
Mangochi in the southern region, Ntcheu
and Dedza in the central region, and
Nkhata-Bay in the northern region. At
that time, seven nests had been recorded,
one of which had three eggs while the
rest had one egg each. In 1977, while I
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Mitchell (1997) encounter a pair
of SGHs in Nyika National Park.
McLelland of Birdtours also reported
that he and his group of bird watchers
saw SGHs in Dzalanyama Forest
Reserve and Liwonde National Park in
2002. Dowestt and Dowsett-Lemaire
(2002) observed only hornbill species
other than the SGH in the Shire River
valley, but Khumbo Kamanga (pers.
comm.), head of the Research Section at
Lengwe National Park in the lower Shire
valley, did confirmed the presence of
these birds in and around the Park.
The Museums of Malawi are one
of the institutions that have the mandate
to collect, conserve, exhibit and
interprete Malawi’s cultural and natural
history. However, due to lack of
resources, the institution has not been
able to embark on any comprehensive
survey to obtain precise data on the
population status of SGHs. However,
due to a personal interest in the birds I
have been conducting surveys on SGHs
alongside other avifaunal research
activities funded by different museum
partners. I carried out the studies to find
out baseline information on the bird’s
status,
conservation
threats
and
management strategies that can be put in
place to protect the SGHs in selected
Forests Reserves, namely Chitipa in the
northernmost part of Malawi, Chongoni
is in the Dedza District, Mughesse in
Misuku-Chitipa District, Ntchisi forest
in the central region in Ntchisi District,
and Tsamba in the southern region in
Mwanza Dsitrict. Ntchisi and Tsamba,
were selected because they are
predominantly Miombo woodlands,
while Mughese is a sub-montane forest.
All forest reserves are considered to
have a high biodiversity in Malawi.

was going to school in Kasungu District,
I encountered about 12 birds searching
for food between the woodlands and the
Kebvunguti River.

Figure 1. Map of Malawi, showing
major protected conservation areas
(green), and lakes and rivers (blue).
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METHODS
The following methods were used in the
research:
• Literature surveys - to establish
the historical presence and
distribution of hornbills in
general and SGHs in particular.
• Field surveys - to observe,
document and compile the bird’s

•

distribution and population
status data.
Socio-economic surveys - to
collect information on the
conservation
threats
and
possible
strategies
for
conservation management.

RESULTS AND DISCUSSION
More work still needs to be done to
determine the precise population status
of the SGH and other hornbills in the
areas of study in particular (Table 1) and
in all potential areas in general. The
uncertainty in the determination of the
population status of SGH can be
attributed to several factors, such as
inadequate personnel and equipment to
conduct the study, lack of appropriate
knowledge and skills for such research,
poor scheduling and limited time
allocated to the study. On the other hand,
the frequency of occurrence of the birds

might have been affected by their
migration to potential areas where food
is plentiful.
It was observed during my
survey that most of the previous
potential habitats have been lost to either
development programmes or agricultural
activities.
Some local residents interviewed
revealed that SGHs provide the main
components for use in several traditional
medicines, such as the heart and the
syrinx. The heart is mixed with other
juju to enable people to be

Table 1. Numbers of hornbills recorded from areas of Protected Forest in Malawi.
Name of
Forest
Tsamba
Mughesse
Ntchisi

Tsamba

Other places
Dzalanyama
Liwonde
Chongoni

Common name

Scientific name

Southern Ground Hornbill
African Grey Hornbill
Silvery-cheeked Hornbill
Trumpeter Hornbill
Crowned Hornbill
Southern Ground Hornbill
Red-billed Hornbill
Trumpeter Hornbill
Crownd Hornbill

Bucorvus leadbeateri
Tockus nasutus
Ceratogymna brevis
C. bucinator
T. alboterminatus
B. leadbeateri
T. erythrorhynchus
C. bucinator
T. alboterminatus

Birds
recorded
6
2
4
6
3
4
3
4
10

Southern Ground Hornbill
Pale-billed Hornbill
Southern Ground Hornbill

B. leadbeateri
T. pallidirostris
B. leadbeateri

4
Several
2
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initiation. In the north, feathers are used
in the making of headdress for Ingoma
dancers (Figs. 4 & 5). These people may,
therefore, not find it difficult to practice
illegal hunting, even if it means using
harmful fires that may scare away the
birds or lead to their reduction in
numbers.
It was also noted that livestock
grazing and felling of trees for poles and
timber by local people living close to the
reserves in question might have
interfered with the hornbills, hence their
seeking safety and good nesting
environment within the reserves. It is
common knowledge that the SGH’s
breeding process is very slow, fledging
about one chick in nine years (Kemp
1995), and this may also have a negative
effect regarding the population status of
these birds in the areas of study.

magically fit and to live longer, and the
syrinx is mixed with several other roots
then burnt, crushed and rubbed into
incisions, so that the treated person may
produce a deep voice which shows
authority, just as that of the bird. It was
also revealed that people, especially in
Dedza district around Chongoni, do hunt
the birds for their meat with the use of
bows and arrows. The feathers were also
found to be used by masked Nyau
dancers, a secret society amongst the
Chewa of the central region and the
Mang’anja people of Blantyre, in the
preparation of a headdress for traditional
dancing regalia (Figs. 2 & 3). The
headgear is mostly worn when staging
dances during installation of chiefs and
funeral ceremonies, especially amongst
the Chewa. Among the Amang’anja, the
regalia is used when staging dances in
commemoration of their children’s

Figures 2 & 3. Manga’jana headdress on dancer, and as museum display. Photos Gule
Wamkulu.
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Figures 4 & 5. Ingoma Dance in action, and headdresses for museum display.
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CONCLUSIONS
This is because unnecessary burning and
cutting down of trees if not checked and
might result in reduced carrying capacity
and destruction of suitable sites for
ground hornbills.

It is evident that more work needs to be
done if Malawi is to build up
comprehensive data on the population
status of ground hornbills. The status of
conservation in the areas of Tsamba,
Ntchisi and Mughesse is unsatisfactory.

CONSERVATION STRATEGIES
In view of the results and discussion
above, it is clear that Malawi harbours a
diverse array of hornbills and that the
survival of these birds can effectively be
sustained by including the community
around the areas where these birds,
particularly ground hornbills, occur. By

involving them in the conservation and
management of natural resources, they
may be able to appreciate what nature
has to offer and thereby be able to take
responsibility for their actions in the use
of what is in the environment.

RECOMMENDATIONS
The following recommendations need to
be given attention:
• A comprehensive study on
ground hornbills of Malawi
needs to be carried out.
• A campaign on the sustainable
utilization of biodiversity needs
to be executed for the local
communities concerned. From
this campaign, village-based

•

Natural Resource Committees
can be established to help
improve awareness of the
communities’
responsibilities
towards the reserves.
Enhancement of community
participation in the protection of
these elegant terrestrial birds to
help check illegal hunting.
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ABSTRACT
Chiweshe, N. 2007. The current conservation status of the Southern Ground Hornbill Bucorvus
leadbeateri in Zimbabwe. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills
and their Habitats for Conservation, pp. 252-266. CD-ROM Proceedings of the 4th International
Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
The Southern Ground Hornbill Bucorvus leadbeateri, a vulnerable bird species of the eastern part of
southern Africa, has declined significantly outside protected areas in Zimbabwe. Major factors
contributing to this include competition for space with increasing human population (Mashonaland
Plateau in particular), loss of large hollow tree trunks used for nesting, eating of poisoned baits, snaring,
and shooting by householders when the birds smash window panes that reflect their images. I
categorized group sightings from Zimbabwe into three land-use areas (protected areas, commercial
farmland and communal lands), covering the period 1977-2005 and a few earlier sightings. The largest
group sizes recorded in the three land-use areas of Zimbabwe were 12, 12 and eight respectively. The
Southern Ground Hornbill is now of national concern in Zimbabwe. Although not one of the 44
‘Specially Protected’ species under the Parks and Wildlife Act, it is one of the 34 non-protected species
considered to be ‘Vulnerable’ in some way and that deserve to be monitored. It is one of ten bird species
under BirdLife Zimbabwe’s ‘National Special Species Survey Project’, mainly because of its rapidly
shrinking distribution range. It also has a positive place, through fear, in Zimbabwe’s African traditions.
*Author for correspondence: birds@zol.co.zw, chiweshen@yahoo.co.uk

INTRODUCTION
All over the world, fauna and flora are
suffering from the ravages of man’s
insatiable need for more land on which to
live and grow food. Only those plants or
animals beneficial to man in some direct
way are permitted to live alongside him, if
they can. There is increasing concern over
the deteriorating conservation status of
many birds, especially regarding increasing
risks of global extinction, regional range
contractions and declines (BirdLife
International 2004). Not so long ago we
thought there was plenty of land and food
for everyone in Zimbabwe, but a rapidly
burgeoning population, coupled with
recurrent regional droughts in recent years
and the government-sponsored ‘Agrarian
Land Reform’ policies, are making much of
this land untenable for the fauna and flora

by either destroying habitats or poisoning
the environment (Hustler et al. 1990; CSO
2002). Many species of animals, in
particular birds, are suffering considerable
losses in population while others may be on
the verge of extinction.
Southern Ground Hornbills (SGHs)
Bucorvus leadbeateri may be particularly at
risk because they are large, long-lived
species with low rates of reproduction,
characteristics associated with high risks of
extinction (Brown 1980; Chittenden 1983).
Species with low fecundity are particularly
susceptible to factors that increase adult
mortality
rates
(Newton
1979).
Furthermore,
species
with
slow
reproduction recover slowly from losses,
which lengthens the time that reduced
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Research Unit (Mundy 2000a) and BirdLife
Zimbabwe’s members.

populations may be at risk from
catastrophic chance events (Ewbank 1998).
About 25 years ago, the decline in
Zimbabwe of the Bateleur Eagle
Terathopius
ecaudatus
provocatively
illustrated the problem and was brought to
the attention of the Ornithological
Association of Zimbabwe (OAZ, now
BirdLife Zimbabwe, BLZ)). The realisation
that this spectacular eagle had “disappeared
from many areas” ignited a more general
concern by the OAZ for several other
species. Thus the Special Species Survey
project was hatched (Tree et al. 1979). The
project started with six species and by 1983
four more were added, including the SGH,
all selected for being “adversely affected by
development of formerly wild areas” in
Zimbabwe (Lorber & Mundy 1983; Lowe
1988a & b, 1989a & b; Hustler et al. 1990).
BLZ’s Scientific Advisory Committee now
decides what species should be included on
the ‘National Special Species Survey’,
provided that in Zimabwe they are still
widespread, readily identifiable and
threatened, have bred and provide some
indication as to what is happening in the
environment.
In the early 1980s, the SGH was
considered very common in all the major
river valley systems and in the South-east
Lowveld (Anon 1980; Irwin 1981;
Bellingan 1983). By 1990, the species was
thinly distributed along the high ground,
with the main distribution on both sides of
the watershed below 1,200 m a.s.l., absent
from the Mashonaland plateau between
Sebakwe in the west and Rusape in the east,
and scarce on top of the watershed (Fig. 1;
Hustler et al. 1990). Sightings in Zimbabwe
during1977-1992 revealed that the SGH
was under threat due to human pressure and
poisoning
outside
protected
areas
(Chiweshe 1994), results supported by
analysis of the Southern African Bird Atlas
cards (Vernon & Herremans 1997).
The SGH, although not protected
officially by the Parks and Wildlife Act, is
listed as one of the 34 ‘Vulnerable’ bird
species in Zimbabwe, closely monitored by
both the National Parks’ Ornithology

DISTRIBUTION PATTERNS
The SGH in Zimbabwe appears to be
distributed in relation to patterns of average
annual rainfall pattern, soil and vegetation
types. Concerns have also been expressed
about the scarcity of old trees with holes in
which to nest (Nyandoro 1988), and
possible competition for such sites from
other hole-nesting animals, including owls
and other hornbills (Kemp & Begg 1996).
On either side of the main central
watershed, Zimbabwe’s Farming Region 5
is extensive and below 900 m a.s.l., while
the mean rainfall is below 650 mm/annum
in the Zambezi and below 600 mm/annum
in the Sabi-Limpopo Valley drainage
systems (Irwin 1981; Donnelly & Donnelly
1983; Hustler 1986). On the wetter
watershed,
the
Miombo
savannah
vegetation is known as Sourveld, with
generally tall fibrous perennial grasses and
a paucity of palatable browse, while on
either side of the watershed, the drier
Mopane-Acacia-Combretum savannah is a
Sweetveld, with a shorter, more nutritious
grass layer and more palatable browse.
Differentiating between Sweet- and
Sourveld is important as it reflects
differences in the way herbivores interact
with the vegetation.
Animal impacts are limited on
Sourveld because of the combined effects of
robust plant growth, low digestibility of the
unpalatable vegetation and most nutrients
stored underground where soil moisture is
relatively plentiful. In Sweetveld, where
plant growth is restricted by soil moisture,
both woody plants and grasses are generally
palatable, highly digestible and full of
nutrients. With herbivore appetite regulated
by the digestibility of their food, Sweetveld
is susceptible to overgrazing, especially in
dry years when forage production is
disproportionately lower than the rainfall
deficit. Overgrazing of Sweetveld also
undermines the stability of the ecosystem
and reduces its ability to support herbivores
in the future. The above information
probably contributes to the reason why
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et al. 1994; Fig. 1). Rare sightings were
made though, in the Eastern Highlands of
Zimbabwe (Borrett 1967; Lorber 1982).

more SGH sightings were made in the
Sweetveld (Irwin 1983; Butler 1985;
Donnelly 1985; Paxton 1987, 1988; Harwin

Figure 1. Distribution records of the Southern Ground Hornbill in Zimbabwe up to the end of
1989 (Hustler et al. 1990).
this 2005 season, temperatures are already
reaching 420C within the same area, rainfall
the previous season was poor and the same
phenomenon may repeat itself.

EFFECTS OF SEVERE DROUGHT ON SGHS
In the Zambezi Valley, SGHs are found
only along the larger rivers in association
with herds of game, although they probably
wander considerably during dry times
(Morris 1981). In September 2004, three
family groups were seen within 56 km2 on
the Mana Pools floodplain (D.V.
Rockingham-Gill pers. comm.). Paollilo
(1994) reported on the effects of the severe
1992 drought at Humani Ranch in the
southern Lowveld, when temperatures
reaching 480C and many birds died,
including SGHs, and many species were
forced into altitudinal migration to areas of
higher rainfall (Harwin et al. 1994). During

MAJOR THREATS IN ZIMBABWE
Competition for space with the increasing
human population (Mashonaland Plateau in
particular),
1. Loss of large hollow tree trunks
used for nesting,
2. Eating poisoned bait,
3. Snaring,
4. Problem birds breaking windows,
5. Negative folklore.

METHODS
Information from various schemes, and
accumulated for 28 years (1977 – 2005), is

analysed as an up-date on the data
published by Chiweshe (1994). I made a
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whether the birds occur in a particular area,
because its call is easily identifiable by
most people (Ward 1984). The size,
plumage and foraging behaviour of the
species are also good characteristics that
make it easy to identify (Anon. 1998).
Wherever possible, the ages of individual
SGHs were recorded at each sighting. Age
classes, grouped by the colour of the facial
skin, were adult = scarlet; immature =
tinged pinkish; juvenile (or first-year) =
greyish face. Kemp (1995) called these
classes adult, sub-adult and immature
respectively. It is not always possible to
identify adult males (all-red facial skin) and
females (dark blue throat patch on red facial
skin) because often the birds walk away
from the encounter. Records when “heard
calling” were only included to maximize the
number of reports and locations, and not in
the analysis of group compositions

thorough search of the relevant literature
and made special use of Species Survey
cards, Nest Record cards (held at the
Bulawayo Natural History Museum, n =
49),
Atlas
cards,
National
Parks
Ornithology Research Unit’s SGH data,
National Aerial Survey data, personal
sightings and also sightings from selected
competent ornithologists and bird watchers
(Williams 1989, 1990, 1996, 1998). The
sightings were classified into three land-use
areas, national protected areas (National
Parks and Wildlife estates and Forestry
Commission land), commercial farmlands
and communal lands, and into vegetation
types. SGH habitat preferences were
classified in the same way as Msimanga
(2004).
The SGH is a large conspicuous bird
and readily identifiable, either visually or
vocally. It is easy to survey or find out
.

RESULTS
A total of 2,218 birds were recorded in 686
separate group-sightings over a period of 28
years (Fig. 2, Table 1). An additional 112
records made during the same period were
reported as only “heard calling”, with
unknown total numbers of birds.
The mean group-size in all three
land-use types was about three birds (Tables
1 & 2). For the three topmost sightings per
land-use area, the order of group sizes were:
protected areas 2 (89), 4 (76) and 3(74);
commercial farmlands 2(68), 1(47) and 3
(45); and communal lands 3(24), 2(23) and
4(11) (Table 2), in line with the average
group sizes (Table 1). The proportion of the
population sample in different group sizes
indicated that >50% occurred in groups of
3-5 in protected areas (64%), 2-4 on
commercial farmland (57%) and 2-4 on
communal lands (53%; Table 2).
For lone birds, commercial farms
had the highest number at 21% of the total
number of group sightings, followed by the
protected areas with 14% and then the

communal lands with 7% (Table 2). The
largest group-size recorded in the protected
areas was 12 birds (3 sightings), while those
for the commercial and communal lands
were 12 birds. (1 sighting) and 8 birds (2
sightings) respectively (Table 2). The three
sightings of 12 birds in protected areas were
one on 16 July 1997 at Mahenye,
Gonarezhou National Park (QDS 2132 A2)
and the other two at Mana Pools National
Park (QDS 1529 D1) on 17 September 2000
and 9 July 2005. The sighting of 12 birds in
the commercial farmlands was in November
1986 at Mavare top dam, Disi Estate,
Guruve. The two sightings of eight birds in
the communal lands were in the Matobo
Hills, one comprising seven adults with an
immature (orange throat and face) on 21
September 1992 in the south Matobo (QDS
2028 D3) and the other comprising five
adults, an immature (orange throat and face)
and two juveniles (greyish face and throat)
at Dehwe Dip, Khumalo West (QDS 2028
C2).
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Figure 2. The current distribution of the Southern Ground Hornbill in Zimbabwe.

Table 1: Mean group sizes of Southern Ground Hornbills recorded in three types of land-use
in Zimbabwe (1977-2005).
No. birds No. of Mean group Records with unknown
seen sightings
size
total nos. of birds
Protected Areas
1292
376
3.44
71
Commercial Farmland
665
227
2.93
33
Communal Land
261
83
3.14
8
Land-use

Totals

2218

686

3.23

112

Table 2: Group size frequency (adult + young combined) and percent of population per group
size for Southern Ground Hornbills in three land-use types in Zimbabwe (1977-2005).
Land-use
Protected areas, nos
% birds
Commercial farms, nos
% birds
Communal land, nos
% birds

1
51
4
47
7
6
2

2
89
14
68
20
23
18

3
74
17
45
20
24
18

4
76
24
29
17
11
17

Group size
5 6 7
44 13 14
17 6 8
17 12 4
13 11 4
8 2 7
15 5 19

8
6
4
2
2
2
6

9 10 11
3 3 0
2 2 0
2 0 0
3 0 0
0 0 0
0 0 0

Total, nos
104 180 143 116 69 27 25 10 5
% birds 5 12 19 21 16 7 8 4 2
Communal land sightings indicated
the highest productivity, with 32% of the
birds seen being young birds, while the
protected areas and commercial farmlands
had fewer at 17% and 20 % respectively
(Table 3). The largest number of juveniles/
immatures recorded in a single group was
four, on two occasions. Once three
immatures and a juvenile, accompanied by

3
1

0
0

12
3
3
1
2
0
0
4
2

Total No.
376
1292
227
665
83
261
686
2218

an adult pair on 27 March 1996, at Rifa,
Chirundu (QDS 1628 B2) and once two
immatures and two juveniles accompanied
three adults on 26 April 2004, in the south
Matobo Communal Lands (QDS 2028 C2).
SGH family groups with two or
more young birds (juveniles/ immatures)
per sighting were high in the communal
lands (44%, 10/23 sightings), followed by
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being the most preferred (84 entries), and
Acacia Savannah and Open Grasslands
(with 70 entries each) next. The other three
habitat types with high entries included the
Floodplains/Vleis/Pans (with 64 entries),
agricultural land (cultivated and fallow, 54
entries) and Miombo Woodland (51
entries). The two least preferred habitat
types were Jesse Thicket (1 entry) and the
Hilly/Rocky areas (3 entries).

the protected areas (30%, 7/23sightings)
and lastly the commercial farmlands (26%,
6/23 sightings, Fig. 3).
A total of 472 SGH family group
sightings had their habitat types described
(10 habitat types), while for10 entries the
woodland habitat was unspecified (Table 4,
Fig. 4).
Six of these habitat types had more
than 50 entries, with the Mopane Woodland

Table 3. Total numbers of adults and young for Southern Ground Hornbills recorded in three
land-use areas in Zimbabwe (1977-2005)
Land-use

No. birds No. of
%
Total
(juv/imm)
seen juv/imm

Protected areas
Commercial Farmland
Communal Land

565
198
136

98
39
43

467
159
93

17.3
19.7
31.6

Total

899

180

719

20

12

No. of sightings

10

8

6

4

2

0

NP

CFL

CL

Land-use

Figure 3. Southern Ground Hornbill sightings with two or more young birds per family group
in national park (NP), commercial farming lands (CFL) and communal lands (CL).
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Table 4. Southern Ground Hornbill habitat preferences
Habitat
Entries
Code
1 Mopane Woodland
87
2 Grassland
70
3 Agricultural land
54
4 Acacia Savanna
70
5 Open Woodland (scrub/bush)
19
6 Floodplain/vlei/riverine
64
7 Unspecified Woodland
10
8 Mixed Savanna
43
9 Miombo Woodland
51
10 Jesse thickets
1
11 Hills/rocky
3
Total
472

DISCUSSION
EFFECTS OF LAND-USE
This paper reviews the status of the SGH
over such a long period (1977-2005),
mainly to get a reasonable and comparable
amount of data from all three land-use areas
in Zimbabwe. Long-term surveys of birds
are usually biased towards areas known to
be occupied (Gargett & Gargett 1994) or of
apparently suitable habitat for the target
species (e.g. national parks vs. other landuses).
As expected from previous surveys,
the highest number of SGH sightings,
largest family group sizes and the highest
number of young (juvenile/immature) birds,
were all in protected areas (Chiweshe
1994). The most frequent group sizes in the
three land-use areas (3-5 in protected areas,
2-4 on commercial farmland and 2-4 on
communal lands indicate at least breeding
pairs and a healthy population with high
breeding potential (Table 2). This is also
supported by the low frequency of lone
birds (104 birds in all the three land-use
areas), assumed to be mainly adult females
that apparently move away from their
parental groups when they reach breeding
maturity at about six years of age and found
a new family group (Kemp & Kemp 1980).
Manson and Manson (1983) and Mundy

(1989) recorded lone birds (both adults and
immatures) in Zimbabwe, while Kemp and
Kemp (1980), and Kemp and Begg (1996)
also recorded lone adults on several
occasions in South Africa, so this is a
common phenomenon for this species.
The numbers and ages of SGHs
encountered by Mundy (2000b) between
Bulawayo and Hwange National Park also
showed
high
reproductive
success,
especially the family groups seen on the
first day of this trip. The total of three
juveniles, all presumably hatched during the
previous 1998/99 rainy season, out of nine
groups seen, gives a single snap-shot
breeding success for the season of 0.33
juveniles/group. This is more than the low
average productivity for the Kruger
National Park of only 0.11 (Kemp 1995).
These reflections may no longer be
true in some areas where, over about the
past five years, the effects of the
government-sponsored
Agrarian
Land
Reform/ Resettlement Programme (Moyo
2000) and the new land ownership has had
far-reaching negative effects on the natural
requirements of this species. The SGH
population still appears to be most
productive in the protected areas of
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deforestation, conserve the forests that
remain, and protect the rights of indigenous
people. Is it already too late in Zimbabwe
and the region as a whole? The next few
years may well prove decisive. The task
ahead is monumental because of the large
numbers of people, diverse and sometimes
conflicting interests, and multiple causes,
but fixing the problems is a matter of
survival for life and humanity as a whole.
The government needs to become far more
responsive and responsible with regard to
deforestation – I believe the problem is
most serious and urgent, requiring an
internationally coordinated effort on a
massive scale. Any solutions to these
problems must effectively deal with
elemental factors, need and greed.
This paper shows that the most
preferred habitat for the SGH is the Mopane
Colophospermum mopane Woodland (Fig.
2), both for breeding and foraging purposes.
This is also the woodland type where we
also find the highest density of Baobab
Adansonia digitata trees in Zimbabwe, as
their climatic requirements are similar.
These tree species, in addition to other large
and mature riverine trees, are the most
preferred large trees for nesting purposes by
the SGH (Msimanga 2004). Unfortunately,
Baobab trees are being damaged by local
people in the southeast Lowveld, through
fibre extraction/removal from tree trunks to
make mats for sale to tourist, and also as
fibre for the construction of dagga huts.
Elephants in our national parks bring down
and destroy many Baobab trees to feed on
the fibre, because of the lack of foliage for
the ever-increasing elephant population
during drought years (Herremans 1995).
Many other large trees are being claimed
for dugout canoes in the Zambezi Valley,
while virgin forests, most of them Mopane
Woodland, are also being cleared to make
way for crop cultivation, especially in
Zimbabwe’s Agricultural Regions 1-3,
mainly in Mashonaland, where tobacco is
heavily cultivated.
“Every act of development involves, of
necessity, an act of destruction” (Cizek
2001). This destruction – social, ecological,
or both – is seldom accounted for in

Zimbabwe, as evidenced by group
composition (Table 2) and the number of
young birds (almost a fifth of the
population) recorded during this review
period (Table 3). The population in
commercial farmland is less productive, as
mentioned by Chiweshe (1994), while the
on-going
Agrarian
Land
Reform
Programme has probably worsened the
situation.
Range expansion of a species in
response to changes in the environment
seems to be caused by shifts in climate, or
changes in vegetation in response to shifts
in climate (Hustler & Mitchell 1996; Kemp
2001), or the activities of man. The demand
for agricultural land is increasing rapidly in
Zimbabwe. The use of marginal or
unsuitable land for farming is increasing,
while intense pressure on some existing
farmlands often leaves it completely
exhausted (Cizek 1999). Large areas of
forest are being cleared and cultivation of
steep or dry land is becoming common in
most parts of Zimbabwe. The demand is
due not only to population pressure but also
to the current land redistribution system,
where almost all the former well-managed
commercial farms have been split up into
small-scale subsistence farming systems.
Some areas that were not cultivated
or grazed have been kept that way by tsetsefly infestation, but successful tsetse control
programmes are now allowing the opening
up of some of these areas. Although this
land appears to be under-utilized, there are
concerns that tsetse zones tend to be in
nutrient-poor areas that quickly become
infertile under cultivation. In addition, they
are often on fragile soils, which have been
protected by bush and grass cover, and so
clearing for agriculture will almost certainly
lead to heavy soil loss. Overgrazing of
Sweetveld also undermines the stability of
ecosystems and reduces their ability to
support herbivores in the future.
LOSS OF LARGE HOLLOW TREE TRUNKS
USED FOR NESTING
Perhaps the greatest unanswered question is
whether enough can be done soon enough
to reduce substantially the rate of
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functions of natural ecosystems are
destroyed or diminished.
More specific solutions to deforestation
exist, and these are not simply future
projections as many are actually already
underway. These involve people from the
leaders of government, business, and
industry at the national and international
levels to the grassroots level. Increasingly,
people are recognizing that national security
includes environmental security and that
many environmental problems transcend
national borders. People are also
recognizing that resource depletion and
environmental degradation have many
hidden costs and that a society can be no
healthier than its economy, which is rooted
in its environment. These and other
considerations have been emerging as
important factors in the political
consciences of our country.
Habitat change and destruction are the
most important threats to biodiversity loss
in general, and birds in particular (Cizek
2002). Human societies interact with nature
to produce and harvest what they
legitimately need for their survival and
‘well-being’. However, poverty and lack of
management and conservation knowledge
induces far more negative effects on the
natural world than is necessary. Therefore a
strategy of working with local people,
through Site Support Groups (SSGs), to
ensure the conservation of necessary
functional areas for threatened birds, whilst
at the same time taking care of local
people’s interests, should be a crucial part
of BirdLife Zimbabwe and other
conservation NGOs’ actions.
In circumstances where both the needs
of birds and local people are being
threatened by over-exploitation, the strategy
and action taken may have to become more
complex through the involvement, as
necessary, of government, collaborating
organizations or other groups. Deforestation
has many far-reaching consequences. The
environmental functions and services of the
forest ecosystem are reduced or even lost,
depending on the extent of deforestation.
Forests protect the soils from the tropical
rainfall and its effects on erosion.

development projects, although it may
entail costs that far outweigh the benefits
arising from development. The new farmers
are resorting to firewood for curing their
crop before sending it to the Tobacco
Auction Floors, while former commercial
farmers in the same area used to cure their
crop with coal that they bought from the
Hwange Colliery Company. The new
farmers feel that coal is expensive to buy
and transport, hence they are resorting to
the indiscriminate cutting down of trees of
any species and size for this purpose. One
wonders how the remaining forests will
continue to support production of flue-cured
tobacco in Zimbabwe, at the expense of all
other organisms that also rely on the same
natural resource.
Deforestation also means the loss of
other renewable natural resources. Forests
contain more than just stands of trees and
many valuable non-timber products have
been mis-labelled as minor forest products
(du Plessis 1995). Some of the forests have
significant economic value for other nonconsumptive uses, such as ecotourism,
which is the fastest-growing component of
the world tourism industry. Eco-tourism can
generate major foreign income, thereby
encouraging and helping to finance
conservation in the country.
People in developing countries often
depend on natural areas and natural
resources for their livelihoods. Poor people
relate ‘well-being’ to the environment in
terms of health, security, hygienic physical
surroundings, safe and clean energy
supplies, housing, access to and control
over resources (especially food production),
and agricultural production. The links
between environment and ‘well-being’ are
not always straightforward, yet it is clear
that the environment plays a complex but
crucial part in livelihood strategies (du
Plessis 1995).
Therefore many of the pressures on the
environment that threaten birds, their
habitats and biodiversity also have adverse
effects on local communities (Whitlow
1980). Unsustainable use of natural
resources can deepen poverty as essential
resources are exhausted and services and
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1960s and later in the period 1976-1981
(Cumming 1982). At the peak of the
outbreak the disease swept over the
Mashonaland plateau, taking the last of the
Bateleur with it as the Lake Chivero pair
disappeared in this period (Mundy 1989).
This may also have happened to the SGH
during the same period, being adept at
finding small carrion like the Bateleur. The
last major rabies outbreak in Zimbabwe was
in the late 1990s on Debshan Ranch (Dr C.
Swanepoel pers. comm.), but rabies is at
present once again serious and widespread
throughout Zimbabwe (Dr C. Foggin pers.
comm.). Toxaphene was the chemical used
in the past, until about 5-10 years ago, by
the government’s Veterinary Department as
poison for rabies vectors such as jackals,
but has since been banned.

Deforestation increases soil erosion, and the
siltation of rivers and streams, and can
endanger hydroelectric dams, agricultural
irrigation systems, and other economic
facilities.
Many biologically rich areas have a
long history of human use. By integrating
conservation and development through a
process of empowerment of local
communities, bottom-up decision-making
and support for measures to meet people’s
needs and improve local livelihoods,
BirdLife Zimbabwe helps people to achieve
secure, sustainable livelihoods that are
positively linked to natural ecosystems.
Helping communities to put in place a
system for forest management involves
many aspects. Communities may require
assistance with: physically demarcating
forest limits, putting in place a legally
recognized organization to manage the
forest; producing inventories to ascertain
exactly what is in their forests and how the
resources have been managed in the past;
developing rules for forest use, and
producing management plans navigating the
legal process that must be followed for the
legal attribution of each community forest.
At each step, communities may require
training, material support, or help in
facilitating a particular process.

CURRENT MISUSE OF QUELEATOX
Advertisements have also been put in the
press by Zimbabwean citizens selling
Queleatox, a chemical gazetted by the
government for use by the Zimbabwe Parks
and Wild Life Management Authority
(ZIPWA) to kill problem Red-billed
Queleas Quelea quelea at breeding or
roosting colonies after they destroy smallgrain cereal crops such as wheat and rapoko
(finger millet). This activity has always
been the responsibility of ZIPWA, which
has a special national unit responsible for
this control programme based at Hunyani
Estate, Darwendale. The government set up
this unit firstly for the welfare of people,
and secondly to reduce both the short- and
long-term effects on non-target birds,
including the carrion-eating SGH, and
mammalian species. Whether these
regulations have been relaxed, so allowing
ordinary Zimbabweans to import these
environmentally harmful substances, is of
great concern environmentally.

EATING OF POISONED BAITS
It appears as though the Mashonaland
plateau has become a “no-go” area! The
Bateleur Terathopius ecaudatus, Wattled
Crane Bugeranus carunculatus, Kori
Bustard Ardeotis kori, SGH and Carmine
Bee-eater Merops pusillus had already
shown serious declines or come under threat
on the plateau when the Species Survey
Project started in the late 1970s (Mundy
1989). Mashonaland is an area of high
human population and intense cultivation
(Whitlow 1980), so it is hardly surprising
that some large birds are in decline since
there is simply decreasing physical space
for
them.
Furthermore,
poisoning
campaigns have gained impetus during
rabies outbreaks. Rabies has been in
Zimbabwe since the 1950s, with major
outbreaks occurring in the mid 1950s, mid

DDT SPRAYING FOR TSETSE FLY CONTROL
Everybody knows how DDT wiped out
many birds during the late 20th Century,
before it was banned worldwide (Mundy
2000a). All these catastrophes are taking
place due to human short sightedness, in
particular by decision-makers whose aims
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Land, and the species was never seen or
heard there in subsequent months (Howells
1985).

are mainly to satisfy their immediate needs
with little consideration for the long-term
effects of these activities.
We have read in recent press reports
that Zimbabwe will be using DDT in
selected areas to get rid of mosquitoes, and
wonder why this is happening despite the
fact that there is a lot of literature on how
dangerous this substance is to our
environment. Maasdorp and Zyl (1987)
reported on birds dying painfully in the
Chirisa Safari Area as a result of DDT
spraying. As carrion eaters at top of the
food chain, SGHs are likely to have picked
up some of these small dead mammals,
insects and birds, thereby affecting them
indirectly. SGHs are common in the lowlying tsetse-infested areas of Zimbabwe.
DDT spraying to get rid of tsetse flies was
“discontinued” about 20 years ago (Mundy
2000a), but has been allowed by the
Ministry of Health in 2005 for household
spraying in malaria-infested areas of the
country, mainly the Lowveld, Gokwe and
Zambezi Valley.

SOUTHERN GROUND HORNBILLS AS
‘PROBLEM BIRDS’
The old proverb “Birds of a feather flock
together” is true for many species, but why
does ‘togetherness’ have survival value for
some and not other kinds of birds? An
individual in a flock benefits from the
vigilance of a large number of birds and is
less likely to be taken unawares (Mundy &
Jarvis 1989). In cooperative breeding birds
living in family groups, like the SGH,
helping is favoured because it often
increases the reproductive success of
breeding pairs, increasing the probability
for offspring to have enough food, reach
fledging age and eventually breed. SGHs
are territorial and protect their territory
against intruders (Kemp & Begg 1996;
Tyler & Tyler 2005). In these widely
separated groups the chief form of
advertising is by calling, but they also
defend at times, leading to the habit of
smashing low-level windowpanes that
reflect their images.
In Zimbabwe we have attended to a
number of complains from irritated public
requesting us to rid their areas/properties of
birds by shooting them or trans-locating
them to other places. Our advice to such
complainants has been to have the lowerlevel windowpanes painted with a colour
that does not reflect the images of the
passing birds. Nineteen of the 23 schools
immediately surrounding the Matobo
National Park, in addition to 11 other
private homesteads and buildings, had their
low-level window panes smashed by SGH
family groups. All the schools that took our
advice
of
painting
the
low-level
windowpanes with dark or white paint
managed to solve this problem.

SNARING
In the past, up to about 2000, few
Zimbabwean people destroyed wild
resources wantonly. Where animals were
eliminated there was usually a powerful
incentive. Occasionally a species was lost
through ignorance, especially of its habitat
requirements, or from neglect because it
was valueless. The driving force was
usually in the natural human desire to
survive and, if possible, to prosper, where
prospering often implies raising the annual
family income.
SGHs have been observed feeding
in association with wild game in our
national parks and with cattle in both
communal and commercial farmlands of
Zimbabwe. This behaviour has also been
reported in Tanzania (Mlingwa 1990).
Domestic poaching of game involves using
wire and nylon snares in order to catch
these
animals
(Holt-Biddle
2001).
Sometimes snares catch SGHs as they use
the tracks created by wild animals. One
adult was found snared in dense evergreen
forest near Camp 17, Dande Communal

SOUTHERN GROUND HORNBILLS
PROBLEMS AT ZIMBABWE’S AIRPORTS

AS

From time to time the open areas at certain
airports in Zimbabwe become attractive to
foraging SGHs. Being large birds, and
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Ndebele culture, regardless of the situation,
even when it comes foraging within one’s
homestead. If a SGH drops a feather within
one’s homestead, picking it up for personal
use is assumed to bring bad luck to yourself
or family members – the feather should just
be ignored, letting the wind blow it away.
These beliefs are probably the reason why
there are so many SGH family groups in the
communal areas immediately surrounding
the Matobo National Park (Fig. 5). Most of
these groups probably have territories
established in the adjacent private land or
protected area, extending their foraging into
short scrub or overgrazed open grasslands
with watering points, but return to protected
or private land to roost and/or breed.
It is also believed in Zimbabwe’s
African tradition that SGHs are found in
good rainfall areas of the country. They are
mainly heard calling during the summer,
meaning that their calls signifies a good
rainy season within the area they are found.
This means that the SGH is a very
important bird species in the African culture
as it is assumed to bring about rains only
within its geographical range, thereby
preventing famine to local communities.

foraging in family groups, they are rightly
seen as a hazard to aircraft and must
therefore be ‘cleared’ from the runways.
Bulawayo, Hwange National Park and
Victoria Falls airports have all complained
of SGHs on the verges and tarmac of their
runways. We believe that the birds are easy
to harass and disturb (although local
superstition usually prohibits that), but
unfortunately the Department of National
Parks warden at Zambezi National Park
thought it better to shoot two birds from a
group that was foraging on the Victoria
Falls Airport (Mundy 2000c). In all
fairness, he said that “scaring the birds did
not work” so he had to do something more
drastic - the birds were shot on 26 July 1994
and taken to the local taxidermist for
mounting.
Major airports in Zimbabwe with
SGH problems are mainly in the Lowveld,
below 1,200m a.s.l. and include Buffalo
Range in the south-east Lowveld, Bulawayo
International and Hwange Airports in
Matabeleland, and Victoria Falls and Kariba
Airports in the Zambezi Valley.
TRADITIONAL BELIEFS
The SGH is regarded with some awe by
most African tribes who, in a positive way,
do not molest it. The SGH is a bird believed
by many Zimbabweans to be associated
with bad spirits. Many people fear this bird
very much, in particular the Ndebelespeaking people of Zimbabwe (Chiweshe
1998). It is believed to be a carrier of dead
people’s souls, including ancestral spirits.
Its red face and throat, black and white
plumage, and its habit of feeding on almost
anything it comes across, just adds to what
people think of the bird. Many people think
it is a bird that carries any angry or
avenging spirit.
Because of these beliefs, no one is
allowed to chase or kill the SGH in the

DIET
The stomach contents of the two adult male
SGHs, shot at the Victoria Falls Airport on
26 July 1994, had more than 12 prey items
(Mundy 2000c). These ranged from
scorpions, larval beetles, locusts, and
stinkbugs to lizards and agamas. Cape
Rough-scaled Lizards Ichnotropis capensis
and locusts (family Acrididae) were taken
most by both birds at that time of the year.
As they are generalists in their diet and also
predators on top of the food chain, SGHs
help control organisms that are lower in the
food chain and also in the control of carrion
in the environment, as do vultures and other
carrion eaters.
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Figure 5. Distribution of Southern Ground Hornbill family groups in the Matobo Hills,
Zimbabwe, as of May 2005.

CONCLUSION

We are now living in a world full of rare
birds that are clinging to existence in
captive-breeding facilities and pockets of
protected habitats isolated in an overpopulated,
intensively-cultivated
and
industrialized landscape, which is hardly
cause for celebration. The important
changes that took place in Zimbabwe
regarding hunting and conservation laws,
the protected areas network and the general
attitude of Zimbabweans towards nature,
may account for much of the general
improvements recorded until 2000. Many
conservationists, particularly birdwatchers,
used to cover much of the country in their

quest to conserve the avifauna, but
conservation problems have started to rise
dramatically since the governmentsponsored Land Reform Programme of
1999/2000. Changes in farming practices in
the former privately-owned commercial
farms and forestry areas have been fasttracked and turned into a kind of rural
settlement by the government. Future
priorities for bird conservation in
Zimbabwe should include fighting against
the illegal use of poisons for predator
control, and maintaining or increasing the
current bird census and monitoring effort.

264

ACKNOWLEDGEMENTS
funds that enabled me to attend the 4th
International Hornbill Conference at Mabula
Lodge, South Africa. Dr P.J. Mundy made very
useful comments on the initial draft of this
paper. I am also grateful to Julia Dupree for the
use of her (Matabeleland Branch) SGH
photographs in my presentation at the
Conference.

The author gratefully acknowledges all persons
who have helped in numerous ways, especially
many BirdLife Zimbabwe members who made
their sightings data available for this paper.
Some of these include Ian Riddell, D.V.
Rockingham-Gill, D. Sheehan, J. Lowe, D.
Tiran, G. White, A. Middleton, Norman Monks,
J. Dupree, L. Maasdorp and D.Wakelling. I am
indebted to Alan and Meg Kemp for raising

REFERENCES
Anonymous. 1980. Mashonaland notes. Honeyguide 101: 39.
Anonymous. 1998. The Ground Hornbill. Honeyguide 44: 188
Bellingan, P. 1983. Travel and enjoying birds. Touch the Wild ornithological expedition – 1983.
Honeyguide 114/115: 72-79.
BirdLife International 2004. A strategy for birds and people: responding to our changing world.
Cambridge, UK: BirdLife International.
Borrett, R. P. 1967. The Ground Hornbill in Inyanga. Honeyguide 52: 7.
Brown, L.H. 1980. The conservation of African birds: Threats, problems and action needed.
Proceedings of the IVth Pan-African Ornithological Congress, pp. 345-354.
Butler, R. 1985. The 1985 Birdwatch Parts 1-3. Honeyguide 31: 187-195.
CSO, Central Statistical Office 2002. National report – 2002 Census. CSO, Harare, Zimbabwe.
Chittenden, H.N. 1983. A review of raptor persecution in southern Africa with special regard to farming
communities. Proceedings of the Birds and Man Symposium, pp. 309-230.
Chiweshe, N. C. 1994. A comparison of Ground Hornbill Bucorvus leadbeateri group sizes between
protected areas, commercial farms and communal lands in Zimbabwe. The Farmer 64: 28-29.
Chiweshe, N. 1998. Ethno-ornithology. Birds and N'angas in the Matobo Hills. Honeyguide 44: 111112.
Cizek, A. 1999. The Chinamora, Masembura and Msana Communal Lands. Honeyguide 45: 172-175.
Cizek, A. 2001. Conservation crossroads – Zimbabwe’s fast-track land reform has unwelcome
consequences. African Wildlife 55(2): 17-19.
Cizek, A. F. 2002. Patterns of distribution of Zimbabwean birds – implications for a land resettlement
process. Unpublished M.Sc. Thesis, University of Cape Town.
Cumming, D. H. M. 1982. A case history of the spread of rabies in an African country. South African
Journal of Science 78: 443-447.
Donnelly, B. G. & Donnelly, A. 1983. The birds of the Lake Kariba Basin, Zimbabwe. Honeyguide
114/115: 27-42.
Donnelly, B. G. 1985. The birds of the Matobo (formerly Matopos) National Park. Honeyguide 31: 1123.
du Plessis, M. A. 1995. The effects of firewood removal on the diversity of some cavity-using birds and
mammals in South Africa. Biological Conservation 74: 77-82.
Ewbank, D. A. 1998. Book Review: Bird families of the world - the Hornbills. Honeyguide 44: 184-185.
Gargett, V. & Gargett, E. 1994. Raptor sightings in and en route to and from the Matobo Hills: 10 April
to 12 July 1992. Honeyguide 40: 139-142.
Harwin, R. M., Manson, A. J., Manson, C. & Mwadziwana, P. 1994. The birds of the Bvumba
Highlands. Honeyguide 40(Suppl.1): 1-51.
Herremans, M. 1995. Effects of woodland modification by African Elephant Loxodonta africana on bird
diversity in northern Botswana. Ecography 18: 440-454.
Holt-Biddle, D. 2001. Wildlife in crisis – Zimbabwe’s land reform programme accompanied by severe
poaching. African Wildlife 55(2): 20-21.
Howells, W. W. 1985. The birds of the Dande Communal Lands, Middle Zambezi Valley, Zimbabwe.
Honeyguide 31: 26-48.

265

Hustler, K. 1986. A revised checklist of the birds of Hwange National Park. Honeyguide 32: 68-87.
Hustler, K. & Mitchell, B. 1996. Notes on the breeding behaviour of Bradfield's Hornbill. Honeyguide
42: 208-212.
Hustler, K., Solomon, D. & de la Harpe, D. 1990. The OAZ species survey - the current situation.
Honeyguide 36: 70-75.
Irwin, M. P. S. 1981. The birds of Zimbabwe. Quest Publishing, Salisbury.
Irwin, M. P. S. 1983. The Special Species Survey. Honeyguide 114/115: 3-4
Lorber, P. & Mundy, P. J. 1983. The scientific advisory committee reports back. Honeyguide 116: 3739.
Kemp, A.C. & Kemp, M.I. 1980. The biology of the Southern Ground Hornbill Bucorvus leadbeateri
(Vigors) (Aves: Bucerotidae). Annals of the Transvaal Museum 32:65-100.
Lorber, P. 1982. The Southern Ground Hornbill as a montane bird. Honeyguide 111/112: 54-55.
Kemp, A. C. 1995. The Hornbills, Bucerotiformes. Oxford University Press, Oxford.
Kemp, A. C. 2001. The role of species limits and biology in the conservation of African hornbills.
Ostrich Supplement 15: 200-204.
Kemp, A. C. & Begg, K. S. 1996. Nests of the Southern Ground Hornbill Bucorvus leadbeateri in
Kruger National Park, South Africa, and conservation implications. Ostrich 67: 9-14.
Lowe, G. D. 1988a. Announcements: Special Species Survey. Honeyguide 34: 104-105.
Lowe, G. D. 1988b. Announcements: Special Species Survey. Honeyguide 34: 152
Lowe, G. D. 1989a. Announcements: Special Species Survey. Honeyguide 35: 5.
Lowe, G. D. 1989b. Announcements: Special Species Survey. Honeyguide 35: 53.
Manson, C. & Manson, A. J. 1983. Southern Ground Hornbill in the Vumba. Honeyguide 114/115: 54.
Maasdorp, R. A. C. & van Zyl, M. 1987. Possible side effects of insecticides. Honeyguide 33: 154.
Mlingwa, C. 1990. Ground Hornbills Bucorvus cafer and Marabou Storks Leptoptilos crumeniferus
feeding in association with mammals. Scopus 14: 23-24.
Morris, A. 1981. The Mana experience. Honeyguide 107/108: 6-10.
Moyo, S. 2000. The interaction of market and compulsory land acquisition process with social action in
Zimbabwe’s land reform. Paper presented at the SARIPS of the Sapes Trust Annual Colloquium on
Regional Integration: Past, Present and Future, Harare Sheraton Hotel, 24-27 September 2000.
Msimanga, A. 2004. Breeding biology of Southern Ground Hornbill Bucorvus leadbeateri in Zimbabwe:
impacts of human activities. Bird Conservation International 14: S63-68.
Mundy, P. J. & Jarvis, M. J. F. (eds). 1989. Africa’s feathered locust. Baobab Books, Harare.
Mundy, P. J. 1989. The OAZ Species Survey. Honeyguide 35: 102-111.
Mundy, P. J. 2000a. A strategy for ornithology within the Department of National Parks. Honeyguide
46: 82-100.
Mundy, P. J. 2000b. Notes from a brief trip to Hwange National Park. Honeyguide 46: 164-166.
Mundy, P. J. 2000c. What a shame – Ground Hornbills shot. Honeyguide 46: 162-163.
Newton, I. 1979. Population ecology of raptors. Buteo Books, Vermillion, South Dakota, USA.
Nyandoro, R. 1988. Nest Record Card Report for 1987. Honeyguide 34: 140-141.
Paolillo, K. 1994. Birds on the Turgwe River, Humani Ranch. Honeyguide 40: 103.
Paxton, J. R. 1987. The 1987 Birdwatch. Honeyguide 33: 134-145
Paxton, J. R. 1988. The 1988 Birdwatch. Honeyguide 34: 160-177.
Tyler, S. J. & Tyler L. 2005. Aggressive behaviour by Ground Hornbill. Babbler 46: 47.
Tree, A. J., Foggin, B. J. M. & Boulton, R. 1979. The new species survey project. Honeyguide 100: 4446.
Vernon, C. J. & Herremans, M. 1997. Ground Hornbill Bucorvus leadbeateri. In: The Atlas of southern
African birds. Vol. 1: Non-passerines. In: Harrison, J.A., Allan, D.G., Underhill, L.G., Herremans,
M., Tree, A.J., Parker, V. & Brown, C.J. (eds), pp. 708-709. BirdLife South Africa, Johannesburg.
Ward, P. R. B. 1984. Tape recording of bird songs. Honeyguide 30: 51-68.
Williams, J. 1989. The 1989 Birdwatch. Honeyguide 35: 161-167.
Williams, J. 1990. The 1990 Birdwatch. Honeyguide 36: 183-189.
Williams, J. 1996. Birdwatch 1996. Honeyguide 42: 223-224.
Williams, J. 1998. World Birdwatch and the 24 hour birding competition 1997. Honeyguide 44: 153155.
Witlow, J. R. 1980. Deforestation in Zimbabwe, some problems and prospects. Natural Resources
Board, Salisbury.

266

What proportion of Southern Ground Hornbill
nesting attempts fledge more than one chick? Data
from the Kruger National Park
Alan C. KEMP1,2* & Margaret I. KEMP2
1

Project Facilitator, The Ground Hornbill Research and Conservation Project, Mabula Game
Reserve, Private Bag X1644, Bela Bela, 0480, South Africa; Research Associate, Percy
FitzPatrick Institute of African Ornithology, University of Cape Town, P. O. Rondebosch, 7700,
South Africa.
2
Naturalists & Nomads, Postnet Suite #38, Private Bag X19, Menlo Park, 0102, South Africa.

ABSTRACT
Kemp, A. C. & Kemp, M. I. 2007. What proportion of Southern Ground Hornbill nesting attempts
fledge more than one chick? Data from the Kruger National Park. In: Kemp, A. C. & Kemp, M. I. (eds).
The Active Management of Hornbills and their Habitats for Conservation, pp. 267-286. CD-ROM
Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa.
Naturalists & Nomads, Pretoria.
We examined 155 active nests of Southern Ground Hornbill Bucorvus leadbeateri in the Kruger
National Park during 1967-1999. Almost 25% of nests had a clutch of one egg, 75% of two eggs and
<1% of three eggs (n = 114). In all but one exceptional case, the second-laid was smaller than the firstlaid (n = 20). The relative volume of the larger egg (expressed as a percentage of the largest recorded
egg at 163 ml) was 48-100% (mean 67% ±S.D. 9.5%, n = 67) and its volume was 1-42% greater than
that of the smaller egg (mean 13.6% ±S.D. 9.5%, n = 50). At a particular nest, the volume of the larger
egg was often similar over several successive years, possibly related to the body size of a female, but the
volume of the smaller egg was more variable, possibly related to environmental effects. The estimated
hatching interval between the two eggs was 3-8 days (n = 14), with one exception of 15 days.
Although the overall failure of individual eggs during incubation was estimated at 42%, both eggs
hatched in 49% of observed nests (n = 74). In specific cases, the larger egg failed to hatch four times and
the smaller five, so the chick from the smaller egg was sometimes the sole hatchling. The proportion of
broods with two chicks fell from 50% during 0-1 weeks after hatching (n = 64), to 5% in weeks 2-4 (n =
44), 2% in weeks 5-12 (n = 45), and 0% after fledging in weeks 13-52 (n = 29). Only a single chick was
ever recorded to fledge successfully (n = 43). A surviving juvenile from the previous season was only
recorded with the group at 30% of nests (n = 44). Cracked or addled eggs and starved or predated chicks
were the main identified causes of nesting failure. Fledging success of 68-70% was recorded for unharvested (n = 66) and harvested (n = 19) nests, and for nests at which large nestlings were tattooed just
before fledging (n = 13).
We did not record fledging of more than one chick from a nest. Although fledging of two or even
three chicks is possible, it is obviously a rare event, at least in the KNP, and currently we consider it
unconfirmed for the species.
*Author for correspondence: leadbeateri@gmail.com

INTRODUCTION
When conservation management of a
species involves harvesting from one part
of the population to supplement another
part, it is essential that these removals have

the least possible effect on the donor
population. The regular and natural loss of
nestlings in various species of large birds
appears to offer a source of stock that has
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presented that sometimes the second-hatched
chick may survive to fledge. In South Africa,
during the nestling period, a second-hatched
chick was reported to out-live its elder
sibling within a few days of hatching to
become the only survivor (Y. Erlich, via M.
du Plessis pers. comm.) while, at another
nest both chicks were raised to fledging age
but once the elder chick fledged the second
chick was left behind in the nest by the
group and died eight days later (R. Craig, via
A. Turner pers. comm.). In Zimbabwe,
during the post-fledging period, Magwisi
(2000) reported a sighting of two equal-aged
chicks with a group in Zimbabwe, and a
photograph of the same phenomenon was
reported from South Africa (M. Funston via
Y. Erlich pers. comm.).
In order to inform this debate about
second chick survival, we re-analysed our
data from the Kruger National Park (KNP) to
assess the frequency with which two or more
eggs are laid, the variation in absolute and
relative egg size, and in laying interval, the
success of hatching and survival to fledging
for each chick, and the incidence that can be
expected of similar-aged juvenile fledglings
in a breeding group. We also re-examined
the evidence for fledging of two chicks.

little effect on the natural dynamics of the
parent population (Kemp 2000). For
example, published information indicates
that the Southern Ground Hornbill
Bucorvus leadbeateri (SGH) lays a clutch
of 1-3 eggs but rears only a single chick to
fledging (Kemp 1995a and references
therein). Each egg in a clutch is laid a few
days apart, egg volume decreases as the
clutch increases but incubation begins with
the first egg. The altricial chick hatches
naked and with its eyes closed, while the
second and third chicks that hatch several
days later normally starve within a few
days of hatching, apparently from parental
neglect although the exact mechanism has
not been observed.
In the past, the second-laid egg or
second-hatched chick of the SGH has
sometimes been removed and then handreared for use in projects related to
conservation (Marais 1993; Kemp 1995b;
Hamman no date; Anonymous 2001;
Turner 2004) or sustainable utilization
(Kemp 2000). This removal was justified
on the assumption that the second chick
was redundant and did not contribute to the
natural dynamics of the parent population.
Recently, however, evidence has been

METHODS
We located as many nest sites of SGHs as
possible in the KNP, north-eastern South
Africa, as part of a long term research
programme on the species from 1969 to
1999 (see Kemp & Kemp 1980; Kemp
1990; Kemp & Begg 1996 for details of
biology, study area and techniques). We
then revisited as many nest sites over as
many summer breeding seasons as
possible. When an active nest was found
and an egg was hatching or had already
hatched, we sometimes removed any
remaining egg or chick (Kemp et al. 2006),
while un-harvested nests served as
controls. We filed our data under the
group’s name, usually derived from a
landmark at the nest site or within the
group’s territory.

SGHs laid eggs in the last four months
of the year (28 September – 16 December,
Kemp & Kemp 1991). The number of eggs
laid was recorded, with the maximum
number recorded taken as the clutch size and
confirmed, if possible, by a second visit to
the nest. The volumes of eggs and the
percentage by which the larger egg exceeded
the smaller were estimated as previously
(Kemp 1990). Observation of whether the
second-laid egg was smaller than the firstlaid was confirmed at laying or, more often,
at hatching, on the assumption that
incubation begins with laying of the first
egg. The interval between hatching of eggs
was recorded at hatching or, more often,
taken from the estimated difference in age of
the chicks. The hatching interval was also
taken as an index of the laying interval,
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up to the following breeding season). The
presence in the group of a juvenile from the
previous nesting season was also recorded if
a group was seen attending the nest.
Observation of a year-old juvenile attending
the nest provided an index of the frequency
with which juveniles of consecutive seasons
might later be recorded together (and
sometimes confirmed successful fledging
from a previous season, although lack of a
juvenile from the previous season did not
confirm failure to fledge since post-fledging
mortality might have occurred in the
intervening
year).

again assuming that incubation begins with
the laying of the first egg.
The number and relative size of chicks
that hatched was noted and, where
possible, whether they emerged from the
first- or second-laid, or larger or smaller,
egg. The number of chicks observed in the
nest was classified within the intervals of
when the eldest chick was 0-1 weeks old
(during which the second-laid egg usually
hatched), 2-4 weeks old (when the female
remained on the nest attending the
chick(s)), 5-12 weeks old (when the female
left the chick(s) alone on the nest) and 1352 weeks (after fledging until a year old,

RESULTS
was 34.8% larger than the first. Excluding
this exception, overall the larger egg exceed
the smaller by anything from <1% to 42% in
volume (mean 13.6%, S.D. 9.5%, n = 50).
The volume of the larger egg ranged
from 70-163 ml but the relative volumes,
expressed as a percentage of the largest
recorded egg (163 ml), ranged from 48% to
100% (mean 67%, S.D. 9.5%, n = 67). It is
notable that within several groups there was
a series in successive years in which the
largest eggs of each clutch were of similar
volume, unrelated to whether there were one
or two eggs in the clutch, or to the volume of
the larger egg relative to the smaller
(Appendix 1; e.g. Timbuvati Picnic group
1990-1999).

Records over 32 years for a total of 155
active nests provided data for this analysis
(Appendix 1). Nest sites were not visited
every year and few sites, overall or in any
one
nesting
season,
provided
comprehensive data, and so sample sizes
vary for the parameters analyzed.
CLUTCH SIZE
Of 114 clutch sizes recorded, 24.6% were
c/1, 74.6% c/2 and 0.9% c/3. This is a
higher proportion of 1-egg clutches than
reported for a smaller sample previously
(15%, n = 34, Kemp 1990), but 16/29 of
the c/1 clutches included in the present
sample were recorded on a single visit late
in the laying season and so may be an
overestimate due to other eggs having
already been lost during incubation.

LAYING/HATCHING INTERVAL
The laying/hatching interval was estimated
at 3-8 days, with one exception of about 15
days (n = 28).

ESTIMATED EGG VOLUME
Where the laying or hatching sequence was
known, in only 1/20 nesting records did the
estimated volume of the second-laid egg
exceed the first-laid. The exception was the
female of the Tshokwane 1991 group, that
had had no known nest site for several
years, and then laid two exceptionally large
eggs within three weeks of alterations to
the unsuitable site that the group had been
visiting repeatedly. The first-laid egg was
considerably larger (163 ml) than any other
eggs ever measured and the second-laid

CHICKS HATCHED
The hatching success of 74 nesting attempts
was recorded as no chicks from 13.5%, one
chick from 37.8% and two chicks from
48.6%, a total of 64 chicks. Given the
expected proportion of chicks that would
have hatched, based on the clutch sizes
reported above, 74 successful attempts
should have produced 128 hatchlings (110
from 74.6% of c/2 and 18 from 24.6% of
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chick was known to have fledged from 43
attempts (68% nestling survival).
Overall, a juvenile from the previous
season was only known to be present with
the attending group at 26% of 102 nesting
attempts. When a chick was known to have
fledged successfully, in only 30% of 44
cases was a single juvenile from the previous
year also know to have been present with the
group, so that later two young juveniles from
successive years might then have been
present in the group simultaneously.

c/1). Comparison of the recorded and
predicted hatching success gives an
estimated loss during incubation of 42%.
The notes to the data in Appendix 1
indicate egg disappearance, egg damage,
and failure in embryo development as the
principal factors in this loss.
WHICH EGGS FAILED TO HATCH
Where this was known, the larger egg
failed to hatch four times and the smaller
five times. The larger egg hatched
successfully 57 times and the smaller 39
times. Both figures suggest that a single
egg or the larger egg of a 2-egg clutch may
hatch more frequently than the smaller egg.

CAUSES OF NESTING FAILURE
In a sample of 66 losses of eggs or chicks,
half the causes of failure were known for
certain and half were only surmised based on
various signs and circumstances (Table 1). In
addition to these natural losses, three nesting
attempts failed due to observer influence. At
the beginning of the study, a female caught
on the nest for marking during incubation
deserted (Timbuvati picnic 1967), while a
single fertile egg was removed to replace an
addled smaller egg of a group consisting of
only a nesting pair (Kumane dam 1969).
Later, a single egg was cracked during
handling and failed to hatch (Bakoor east
1991).

CHICK SURVIVAL
The proportion of broods or groups with
two nestlings fell from 50% during weeks
0-1 (n = 64), to 4.5% in weeks 2-4 (n =
44), 2.2% in weeks 5-12 (n = 45) and 0%
in weeks 13-52 (n = 29). This sample
excludes nests from which one egg/chick
was removed. In 63 cases where fledging
was confirmed, or considered probable
based on chick survival into the final
nestling phase (5-12 weeks), only a single

Table 1. Causes of nest failure, known for certain or surmised as probable, at nests of
SGH in the KNP during 1967-1999.
Main
cause
Certain

Probable

Subcause
Cracked/broken egg
Addled egg
Nest/tree collapse
Flooding
Dead/emaciated chick
Remains found
Contents disappeared

Totals

A single smaller egg/chick was
removed from 38 nesting attempts between
1968 and 1999. In 20 cases where fledging
of the chick left in the nest was confirmed,
or considered probable based on its
survival into the final nestling phase (5-12
weeks), the chick fledged in 14 (70% of)

Eggs

Chicks

Female

7
15
1
0
0
0
16
39

0
0
1
1
8
5
11
26

0
0
0
0
0
1
0
1

attempts, similar to the 68% recorded for the
63 un-harvested nests. In 13 nesting attempts
where large chicks were marked with facial
tattoos just before fledging, nine (69%)
fledged, again a similar success rate to the
other samples.
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confirmed (67%) and one unknown). This is
in addition to the four natural instances when
the smaller egg/chick survived and the larger
did not (Mzanzene 1986, Mahlangene 1992,
Tshokwane
1992,
Kumane
1998).

In three instances the larger egg/chick
was removed in place of the smaller
(Mzanzene 1985, Mondzu 1986, Mzanzene
1987) to confirm the viability of the
smaller
egg/chick
(two
fledgings

DISCUSSION
Despite considerable differences in
absolute and relative egg volumes, we
could detect no relationship between egg
volume and any measure of nesting
success. The indication of consistency in
volume of the larger egg for some groups
over successive seasons suggests that the
volume of the largest egg may be
determined primarily by the size of the
female, and that a sudden change in egg
volume between years within a group or at
a nest site may indicate a change in alpha
breeding female. The wider range of
variation in relative volume of the smaller
egg, including within groups in successive
years, may be more related to
environmental factors affecting food
supply and female body condition, such as
group size, group composition, group
provisioning ability and/or rainfall, than
body size of the breeding female.
Furthermore, as a result of stochastic
events, in some cases the chick from the
smaller rather than from the larger egg
survived. As most of these data were
collected from the same sites known to
span the range of recorded nest dimensions
(Kemp & Begg 1996), we were also unable
to detect any relationship between nest
dimensions and nesting success.
Our data provides no instance where
more than one SGH chick survived to
fledging. However, because SGHs do lay
up to three eggs, and because embryo
viability was not obviously correlated with
egg size or laying sequence, it is to be
expected that under some set of
circumstances the species will fledge up to
three chicks. We did record one nesting
where both chicks survived to about six
weeks of age, but one chick was always
smaller and weaker and finally died in the
nest (Ngotsa dam 1991). We also recorded

instances where the first-laid (larger) egg
failed to hatch and so the second-laid
(smaller) hatched and the resulting chick was
reared to fledging. This is similar to the
record of a second-hatched chick that outlived its elder sibling within a week of
hatching to become the only survivor (Y.
Erlich, via M. du Plessis pers. comm.), the
chicks noted as being similar in age since
both had pink skin at the time they were
photographed (pers. obs.).
The best evidence so far for the
potential to fledge two chicks comes from
the nest in the Malelane section of KNP,
where both chicks were raised to fledging
age but, when the elder chick fledged, the
group then left the second chick behind in
the nest and it died eight days later (R. Craig,
via A. Turner pers. comm.). The relative
body condition of the two chicks was not
described, but is considered important given
that we have several records of large
nestlings failing to fledge (pers. obs.), and
others have recorded similar failures where
the chick’s pre-fledging body weight was
well below average (M. du Plessis pers.
comm.).
The only published evidence that SGHs
may sometimes fledge more than one chick
is a reported sighting of two equal-aged
immatures with a group, for October from
Zimbabwe (Magwisi 2000). A photograph of
the same phenomenon was reported for
autumn (May-July) from the Nkuhlu area
along the Salitje Road in the KNP (M.
Funston, via Yuval Erlich pers. comm.).
However, study of this and a second
photograph taken at the same time
(Appendix 2) shows that the chicks are from
successive broods. The older (smaller,
probably female) immature is distinguished
by the mainly black feathers on the upper
wing coverts and breast, with newly moulted
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months old (3-7 months post-fledging) are
very similar in size and softpart colouration
to older juveniles of 18-22 months old (A.
Turner pers. comm.), but their moult is quite
different. From our KNP data, even the
expectation that immature birds from
successive years will survive together is less
than 26-30%.
Therefore, on the evidence available, we
suggest that the survival of more than one
chick to fledge from a single nesting attempt
has never been recorded unequivocally for
the SGH.

feathers only slightly darker, while the
younger (larger, probably male) immature
shows the browner juvenile feathers that
contrast with the obviously black new
feathers. The older immature also has
several newly moulted rectrix and
secondary feathers, while the younger
immature appears to have only juvenile
secondary feathers. The facial skin colour
and form is not obviously different but the
bill colour has more extensive areas of pale
grey in the older juvenile. The difficulty of
distinction is supported by observations on
captive birds, where juveniles of 6-10
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Appendix 1. Nesting data for 38 groups of SGH in the KNP over various breeding seasons during 1967-1999. See methods for details. Groups and seasons
where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
Group name
Year
EggsVolume Larger egg
2nd-laid Interval, Chicks
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
___________________________________________________________________________________________________________________________________
Pafuri confluence
Pafuri confluence
Pafuri confluence
Pafuri confluence
Pafuri confluence
Pafuri confluence

1979
1983
1984
1986
1987
1988

-

-

-

-

-

-

-

-

-

1
-

1
1
1

1
1
-

1
1
-

0
1
-

3
3
5
-

Pafuri bridge

1992

2

24

66

-

-

-

-

-

-

-

-

-

-

-

-

Shitshova hill
Shitshova hill
Shitshova hill
Shitshova hill
Shitshova hill

1991
1992
1994
1997
1998

1
2
2

9
8

59
51
61

yes

6-8

1
2

1
1

1

2*

1
1
-

1
1
1*
-

1
1
1
-

1
1
1
-

0
-

7
4
-

Shawani windmill

1998

2

-

-

-

3

2

1

1

2

1

-

-

-

-

-

Shingwedzi river
Shingwedzi river
Shingwedzi river

1990
1991
1999

2
-

14
-

63
-

-

3-4
3-4

2
2

1
1

1
1

2*
2*

1
-

1*
0
-

0
-

0
-

-

2
2
6

Bakoor east

1991

1*

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Bakoor west
1992
2
___________________________________________________________________________________________________________________________________
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Appendix 1 (cont. b). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
____________________________________________________________________________________________________________________________________
Ntwanana camp
Ntwanana camp
Ntwanana camp

1991
1995

2

<1
1*
-

Mahlangeni baobab 1971
Mahlangeni baobab 1973
Ngwenyeni cliff
1994

2
2
-

Houtboschrand

2*

1989

Roodewal camp
Roodewal camp
Ngotsa dam
Ngotsa dam
Ngotsa dam
Ngotsa dam
Ngotsa dam
Ngotsa dam
Ngotsa dam
Ngotsa dam

2
1994

1990
1991
1988
1990
1991
1992
1993
1994
1995
1999

-

-

5-6

2*

1

1
1

-

55
-

-

-

1*
2*
-

0*
-

1
-

1
-

1
1
-

1

4

51

-

-

-

-

-

-

-

-

-

1
-

2
1
-

2
2
1*

2
-

48
-

yes
48

-

54
57

3-4
-

-

2*
-

-

1
-

0*
0*
1*
-

0
-

2
2

0
-

-

-

0
-

-

2
-

-

-

-

-

-

-

-

3
2

0

-

0

-

3

-

-

1
-

1
2
1
1
-

1
1*
2*
1*
1
-

1
1
1
-

-

1
1
1
0*
1
-

1
0
1
1
0
1
1
1

4
2
3
4
3
4
3
4
5

Timbuvati picnic
1967
2
7
51
<5
0*
0
3
Timbuvati picnic
1975
1
1* 0
3
Timbuvati picnic
1990
2
22
67
0*
0
4
Timbuvati picnic
1991
2
17
65
1*
1
0
1
1
0
0
0
3
Timbuvati picnic
1993
1
1
0
0
2
______________________________________________________________________________________________________________________________________
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Appendix 1 (cont. c). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
___________________________________________________________________________________________________________________________________
Timbuvati picnic
Timbuvati picnic
Timbuvati picnic

1994
1995
1999

2
2
2

12
5
21

67
67
70

-

-

1*
1*
-

-

-

1
1
-

1
1
-

1
1
-

1
1

1
1

0
0
0

2
2
3

Mondzu
Mondzu
Mondzu
Mondzu
Mondzu
Mondzu
Mondzu
Mondzu
Mondzu
Mondzu

1973
1974
1984
1985
1986
1987
1988
1990
1991
1992

1
2
2
2
2
2
2
2
2

0
6
12

56
56
56

yes

3-4
6-7
4-5

1
2
2*
1*
2

1
1
1

1
1

1
1
1
2*
1
1
2*

1
1
1
1
1
1
1

1
1
1
1*
1

1
0*
1
1
1
0
0
0

1
0
1
1
1
1
1
-

1
1
0
1
1
1
1
0
0

4
4
5
6
7
6
7
5

Gudzane dam
1973
2
1*
1
1
1
1
0
3
Gudzane dam
1976
2
0
4
Gudzane dam
1979
1* 0
3
Gudzane dam
1984
1* 1
1
0
3
Gudzane dam
1986
2
8
50
4
2
1
1
2* 1
1
1
0
3
Gudzane dam
1987
2* 1
1
1
4
Gudzane dam
1988
2
19
52
0
0
1
5
Gudzane dam
1990
1
0
4
Gudzane dam
1991
2
16
53
1
1
0* 0
0
4
Gudzane dam
1992
1* 0*
0
0
2
______________________________________________________________________________________________________________________________________
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Appendix 1 (cont. d). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
___________________________________________________________________________________________________________________________________
Lewerik
Lewerik
Lewerik
Lewerik
Lewerik
Lewerik
Lewerik

1986
1987
1988
1989
1990
1992
1995

2
2
2
1*
2

27
5
29

55
53
51
57

-

-

1*
1*
1
-

1
-

-

1
1
0*

1
1
1
-

0
1*
-

1
0
0
0
1
-

0
1
1
0

0
0
1
0
0
0
-`

2
2
3
3
2
7
4

Satara
Satara
Satara

1973
1984
1986

2
2
1*

-

-

-

5
-

2
2
-

1
1
-

1
1
-

2*
2
-

1
-

0

1
-

1
0

0
0
0

4
4
5

Nwanedzi east

1973

2

-

-

-

-

2

1

1

2*

-

-

1

1

0

5

Kingfisherspruit
Kingfisherspruit

1995
1999

2
2

10
-

59
-

yes
-

-

1*
2

1
1

0
1

1*
-

2*

1

-

-

1
-

6
-

Nwatinhlaru
Nwatinhlaru
Nwatinhlaru
Nwatinhlaru

1993
1994
1995
1999

1*
2
2

13
11

61
60

yes
-

c. 15
-

2
-

1
-

1
-

-

1*
2*
-

1
0
-

-

0
-

0
0
-

4
4
-

Nwanedzi river
1984
2
0*
0
4
Nwanedzi river
1987
1
1
1
0
5
Nwanedzi river
1988
1* 69
1
5
Nwanedzi river
1989
1
1
1
1
1
1
1
1
0
5
Nwanedzi river
1990
2* 1
1
0
0
4
_____________________________________________________________________________________________________________________________________
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Appendix 1 (cont. e). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
____________________________________________________________________________________________________________________________________
Nwanedzi river
Nwanedzi river
Nwanedzi river

1991
1992
1993

1
1
-

-

63
64
-

-

-

1
0*
-

1
-

-

1
1

1
1

1
1

0*
-

0
0
1

0
-

5
5

Sweni east

1973

2

-

-

-

5

2

1

1

2*

1

1

-

1

0

4

Mhlalene
Mhlalene
Mhlalene
Mhlalene
Mhlalene
Mhlalene
Mhlalene
Mhlalene
Mhlalene

1987
1988
1990
1991
1992
1993
1994
1995
1999

2
1
1
2
1
2

12
12

56
66
61
64
66

-

5-7
-

1
2
0*
-

1
1
-

1
-

1
0*
2*
-

1
1
0*
-

1
1
1*
-

1
1
1
-

1
1
0
1
1*
0
-

0
0
0
0
-

3
4
3
3
-

Sweni reservoir
Sweni reservoir
Sweni reservoir

1984
1987
1989

2
2

-

-

-

3-4

2

1

1

2*

1
-

1

1
1

1
1

0
0
0

2
2
4

Mzanzene
1985
2
11
51
yes
3-4
2
1
1
2* 0
3
Mzanzene
1986
2
4
51
1*
0
1
1
1
Mzanzene
1987
5-6
2
1
1
2* 1
1
1
4
_____________________________________________________________________________________________________________________________________
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Appendix 1 (cont. f). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
____________________________________________________________________________________________________________________________________
Mzanzene
Mzanzene
Mzanzene

1988
1990
1991

2
2
2

17
11

52
51

yes

-

1*

1

0

1*
1*

1
-

-

1
-

1
0

1
0
0

5
4
4

Mrunzunkulu

1976

1*

-

-

-

-

-

-

-

-

-

-

-

-

0

4

Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam
Kumane dam

1969
1985
1989
1990
1991
1992
1994
1995
1997
1998
1999

2
2
1
2
2
2
2
2
2

7
14
9
15
40
4

57
62
59
60
75
55

yes
yes
yes
yes
yes
-

3-4
6-7
6-7
-

1*
2
0*
2
2
2
1
-

1
1
1
1
1
0*
-

0
1
1
1
1
1
-

2
2*
2*
2*
1
-

1
1
1
1
1
-

1
1
1
1
1
-

1
-

1
0
1
1
1
-

0
0
0
0
0
0
0
1
-

2
3
2
2
3
4
3
4
-

2
2
2
1*
2
2

22
42
6

57
51
50
55

yes
yes
-

4-5
3-4
-

2
0*
2
-

1
1
-

1
1
-

2*
0*
2*
1*

1
1
0*
1

-

1
-

1
0
0
-

0
0
0
1
0
0

2
3
4
5
5
3

Nwaswitsontso river 1979
Nwaswitsontso river1988
Nwaswitsonsto river 1990
Nwaswitsontso river 1991
Nwaswitsontso river 1992
Nwaswitsontso river1994
Nwaswitsontso river 1995

Metsi Metsi
1992
3
17, 280* 54
0
5
______________________________________________________________________________________________________________________________________
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Appendix 1 (cont. g). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
___________________________________________________________________________________________________________________________________
Metsi Metsi
Metsi Metsi
Metsi Metsi

1993
1994
1995

1*
2
-

-

91
-

-

-

1
2
2

1
1
1

1
1

2*
2*

-

1
1

-

1*
1*
-

-

-

Mazithi dam
Mazithi dam
Mazithi dam
Mazithi dam

1967
1969
1973
1989

2
1*
1*
-

-

-

-

3-5

1*
2

1

1

1*
1*
2*

1
1
-

1
1

1
-

1
1*

1
0
0
1

5
5
2
6

Hutome south
Hutome south
Hutome south

1994
1995
1998

2
2
2

19
9
10

58
59
51

yes
yes
yes

6
4

2
1*
2*

1
1
1

1
0*
1

2*
1
1*

-

1*
0*

-

1*
0

0
0
-

2
2
-

Nwamuriwa

1988

2

-

-

yes

>4

2

1

1

2*

1

-

-

-

0

6

Tshokwane
Tshokwane
Tshokwane

1991
1992
1993

2
2
1*

-35
38
-

100
83
74

no
-

-

1*
1*
0*

-

1*
-

1
1
-

0
-

1
-

-

1*
0
0

0
-

3
-

Nwatindhlopfu

1994

1

-

58

-

-

1

1

-

-

-

1

-

-

0

3

Sand river
1986
2
4
2
1
1
2* 0* 0
0
3
Sand river
1987
6-8
2
1
1
2* 0
2
Sand river
1988
1
50
0*
0
Sand river
1989
1
1
1
1
1
1
Sand river
1991
2
12
57
1* 1
1
Sand river
1993
2
3
59
yes
2
1
1
2* 1
1
1
______________________________________________________________________________________________________________________________________
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Appendix 1 (cont. h). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
___________________________________________________________________________________________________________________________________
Group name
Year
Eggs Volume Larger egg
2nd-laid Interval, Chicks
1st 2nd
Chick(s), wks
Chicks
1-2 yr
Group
Laid
laid diff., % % of 163 ml
smaller days
hatched
0-1 2-4 5-12 13-52
fledged juvenile size
___________________________________________________________________________________________________________________________________
Sand river
Sand river
Sand river

1995
1997
1999

2
2
-

19
-

59
-

-

-

-

-

-

-

1
-

1
1
1

1
1
-

1
1
-

0
0
-

4
5
-

Delaporte windmill 1992
Delaporte windmill 1993

2
2

6
18

65
67

-

-

-

-

-

-

1
1

1
1

1

1*
1

0
-

3
-

Mac windmill
1992
59
1* 1*
0
3
Mac windmill
1993
1* 1
1
___________________________________________________________________________________________________________________________________

∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗

Shitshova 1997. Chick tattooed, fledgling found dead near nest next season
Shitshova 1998. Smaller chick taken, already dehydrated, 60g (larger chick 330g)
Shingwedzi river 1990. Chick tattooed, not seen with group next season
Shingwedzi river 1991. Smaller chick taken, 66g (larger chick not weighed)
Shingwedzi river 1999. Smaller chick taken, 55 g (larger chick 157 g)
Bakoor east 1991. Egg cracked during measurement, becomes addled
Ntwanana camp 1991. Smaller second egg taken when pipping, 78g (first chick 59g)
Ntwanana camp 1995. Second egg taken, 68 g, unpipped but later hatches (first chick 110 g)
Mahlangeni baobab 1971. One egg addled (probably first-laid, as first egg laid to chick hatched = at least 46 days when usually only 42 days)
Mahlangeni baobab 1973. Both eggs hatched as dried up remains of small chick found with 21 day old chick.
Houtbosrand 1989. Smaller egg taken after larger confirmed opaque to candling
Roodewal camp 1991. No second egg 9 days after first found, nest empty 7 days later
Ngotsa dam 1990. Chick tattooed and fledged successfully
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Appendix 1 (cont. i). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗

Ngotsa dam 1991. Smaller weaker chick, first seen c. 20 days old, dead in nest by c. 45 days
Ngotsa dam 1992. Chick tattooed and fledged successfully
Ngotsa dam 1993. Chick tattooed, remains of large chick found around nest next season
Ngotsa dam 1994. Remains of two eggs found broken in nest on first visit of season
Ngotsa dam 1995. Longer egg that hatched just smaller in volume than possible first egg that was addled, but laying order unknown
Ngotsa dam 1999. Single visit to nest, egg very clean, and fresh
Timbuvati picnic 1967. Female caught on nest and marked, probably deserts, but smaller egg already disappeared when nest checked day before.
Timbuvati picnic 1975. Breed and have chick in nest but disappears before fledging.
Timbuvati picnic 1990. Two eggs disappear within 28 days of being found.
Timbuvati picnis 1991. Smaller egg broken during incubation, single chick from larger egg disappears within 16 days of estimated hatching.
Timbuvati picnic 1994. One egg addled, but size not noted, other egg hatches and chick fledged.
Mondzu 1974. Dead nest tree falls down before chick fledges.
Mondzu 1986. Larger chick taken, 5-6 days old (smaller 1-2 days, fledged)
Mondzu 1987. Smaller chick taken, 55 g (larger chick 242 g)
Mondzu 1990. One of two eggs becomes addled.
Mondzu 1991. Chick tattooed, not with group following season
Mondzu 1992. Smaller egg taken when pipping, 81g (larger 3-4 day old chick left)
Gudzane dam 1973. One egg broken in nest during incubation.
Gudzane dam 1979. Single egg on only visit to nest well into nesting season
Gudzane dam 1984. Single chick found newly hatched, suggesting single egg (or pre-hatching loss of other egg)
Gudzane dam 1986. Smaller chick taken newly hatched (larger chick c. 4 days old)
Gudzane dam 1991. 3-4 day old chick with unhatched egg, 2 days later nest empty
Gudzane dam 1992. Single egg at first visit late in season, nest empty 78 days later
Lewerik 1986. Smaller egg addled, nest empty 55 days after hatching of larger egg
Lewerik 1989. One egg addled
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Appendix 1 (cont. j). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗

Lewerik 1992. Single egg on first visit late in season, chick tattooed and fledged successfully
Lewerik 1995. Nest empty about when hatching expected
Satara 1973. Smaller chick taken at hatching (larger chick c. 5 days old)
Satara 1986. Single egg on first visit late in season, nest floor collapsed and empty 51 days later
Nwanedzi east 1973. Smaller chick taken at 56 g to replace single infertile egg in Mazithi dam nest, raised to at least 77 days and probably
fledged
Kingfisherspruit 1995. Smaller second egg taken but failed to hatch despite containing large embryo (first chick 200 g)
Kingfisherspruit 1999. Surviving chick in nest 4-5 weeks old, with 2-3 day dead chick of c. 3 weeks old
Nwatinhlaru 1993. Chick tattooed and fledged successfully
Nwatinhlaru 1994. Single egg late in season, nest empty 73 days later
Nwatinhlaru 1995. Smaller chick taken, 70 g although 5-7 days old and very emaciated, dies within 2 days (larger chick 700 g c. 20 days old)
Nwanedzi river 1984. Egg(s) probably hatched but failed as old remains of large 8-10 week old chick found below nest two season later
Nwanedzi river 1988. Single egg in nest on only visit late in season
Nwanedzi river 1990. Found with single chick but addled egg buried in side of nest
Nwanedzi river 1991. Chick survives to at least 1.3 kg or 6 weeks, later feathers and bones found below nest so probably failed
Nwanedzi river 1992. Single egg, later shows fine hairline crack and disappears around hatching time
Sweni east 1973. Smaller chick taken at hatching (larger chick 5 days old, raised to at least 86 days and fledging
Mhlalene 1991. Single egg hatches but chick looses weight from 1-2 weeks old and nest empty by week 3.
Mhlalene 1992. Single egg on first visit late in season, nest empty by hatching time
Mhlalene 1994. Smaller chick taken, 60 g (larger chick 350 g c. 6 days old, survives to 79 days, tattooed and probably fledged
Mhlalene 1995, Single egg, and addled egg from earlier season, both gone by about hatching time
Sweni reservoir 1989. Smaller chick taken at hatching (larger chick 4 days old)
Mzanzene 1985. Chick removed, 2-3 days old (smaller pipping egg left in nest, raised to at least 52 days old)
Mzanzene 1986. Larger egg addled on first inspection, but fledgling from smaller egg seen with group the following season
Mzanzene 1987. Large chick taken, 180 g (smaller chick, 55 g, left in nest and fledged successfully
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Appendix 1 (cont. k). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗

Mzanzene 1990. Unhatched egg taken, with small dead embryo inside (hatched chick, 1-2 days old left in nest)
Mzanzene 1991. Larger egg hatches but chick disappears at 6-15 days old (smaller egg taken but never developed and probably contained dead
embryo)
Mrunzunkulu 1976. One egg on only visit to nest early in season
Kumane dam 1969. Smaller egg addled and taken to swop with single egg from Mazithi dam nest.
Kumane dam 1991. Egg becomes addled and then deserted
Kumane dam 1992. Smaller egg taken at pipping and hatches (larger chick 105 g)
Kumane dam 1994. Smaller chick removed at day old (larger chick 6-7 days old, later fledges)
Kumane dam 1995. Smaller chick removed at day old (larger chick 6-7 days old)
Kumane dam 1998. Larger egg addled when much smaller egg pipping, and chick raised to at least 69 days
Nwaswitsonsto river 1988. Smaller egg taken at pipping and hatched (larger chick 160 g)
Nwaswitsonsto river 1991. Nest empty two weeks after visit when still two eggs.
Nwaswitsontso river 1992. Single egg on first visit and nest empty 12 days later.
Nwaswitsontso river 1994. Smaller chick taken, 70 g, and reared to c. 3 wks before dies (larger chick 150 g but disappears within 1 week)
Nwaswitsontso river 1995. Single chick on nest 6-8 days old, no sign of other egg/chick
Metsi Metsi 1992. Smallest egg much smaller than other two, disappeared before hatching, one chick probably fledged
Metsi Metsi 1994. Smaller chick taken, 50 g emaciated and dies within 2 days (larger chick c. 400 g, probably fledged but not certain)
Metsi Metsi 1995. Smaller chick taken, 56 g (larger chick 350 g)
Mazithi dam 1967. One egg disappears during incubation, other egg hatched and chick fledged
Mazithi dam 1969. Single egg taken to swap with addled smaller egg in Kumane dam nest, but latter nest with only pair in attendance fledged
no surviving chicks
Mazithi dam 1973. Single egg addled, swapped for newly hatched smaller chick from Nwanedzi east nest and survives to at least 77 days
Mazithi dam 1989. Smaller chick taken, 2-3 days old (larger chick 5-8 days, survives to at least 75 days, probably fledged)
Hutome south 1994. Second hatched egg taken at pipping (larger chick c. 300 g, 6 days old, survives to at least 79 days, tattooed and probably
fledged)
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Appendix 1 (cont. l). Nesting data for 38 groups of SGH in the KNP during 1967-1999 over various breeding seasons. See methods for details. Groups and
seasons where a chick or egg was removed from a nest are marked in bold font.
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗

Hutome south 1995. Larger first laid egg hatches, smaller second laid egg addled.
Hutome south 1998. Smaller unpipped egg taken and hatched (larger egg pipping but nest then deeply flooded at least twice after hatching)
Nwamuriwa 1988. Smaller second unpipped egg taken and hatched (first chick 112 g, survives to at least 30 days old)
Tshokwane 1991. Second laid egg much larger than first, the largest egg volume recorded (163 ml) about double the median, but only one egg hatched
and no sign of second egg when chick 122 g, about 3-4 days old. Chick survives to at least 69 days, tattooed and probably fledged.
Tshokwane 1992. Single newly hatched chick 42 days after found with 2 eggs, probably from second laid egg, nest empty 20 days later
Tshokwane 1993. Single egg on first visit to nest, with slight cracks in shell, nest empty on next visit 24 days later
Sand river 1986. Smaller chick taken, 2-3 days old (larger chick 6-7 days), remains of female around empty nest 49 days later
Sand river 1987. Smaller emaciated chick taken, 2-3 days old (larger chick c. 8 days old)
Sand river 1988. Single egg laid, later punctured and fails to hatch
Sand river 1991. Chick tattooed and fledged successfully
Sand river 1992. Smaller chick emaciated and almost dead, 52 g (larger chick 300 g)
Delaporte windmill 1992. Chick examined at 3.1 kg, probably fledged
Mac windmill 1992. Chick examined at 3.7 kg, tattooed and probably fledged
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Appendix 2. Photographs of two juvenile Southern Ground Hornbills taken in autumn
(May-July) in the Nkuhlu area along the Salitje Road in the KNP by Dr Malcolm
Funston and thought to represent successful fledging of two chicks of the same age.
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Involvement of rural communities in harvesting,
rearing and reintroduction of Southern Ground
Hornbill chicks: is this feasible?
Rogers MABASA
Reserve Management Division, Mabula Time Share, Mabula Private Game Reserve, Bela Bela,
South Africa

Mabasa, R. 2007. Involvement of rural communities in harvesting, rearing and reintroduction of
Southern Ground Hornbill chicks: is this feasible? In: Kemp, A. C. & Kemp, M. I. (eds). The Active
Management of Hornbills and their Habitats For Conservation, p. 287. CD-ROM Proceedings of the 4th
International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.

The Makuleke community is a part of the Shangaan people that now lives bordering the northwest edge of the Kruger National Park. In 1968, this community was forcibly removed from
their traditional lands in the Pafuri Triangle and this land was incorporated into the Park. Thirty
years later they reclaimed their land, formed a co-management alliance with South African
National Parks and now apply various forms of sustainable use and ecotourism to this region.
Among the options explored, was a feasibility study to harvest the redundant second
chicks of Southern Ground Hornbill Bucorvus leadbeateri (plus African Hawk-Eagle
Hieraaetus spilogaster and Verreaux’s Eagle-owl Bubo lacteus). Nests were located and chicks
harvested from within the Kruger National Park. Early hand rearing was done at the National
Zoological Gardens, Pretoria, under the expert supervision of their staff, but later hand rearing
was conducted at the Makuleke village. Three parallel projects addressed the economic
feasibility of the project, the community’s perception of the birds concerned, and the
community’s views on sustainable utilization and conservation, and a public awareness and
scholar education programme was also included.
Data were collected that might serve as indices for locating nests, judging laying time
and estimating size of harvest. Details of what was required for hand-rearing were recorded and
a minimum protocol developed for what was possible within the rural environment. All five
Southern Ground Hornbill chicks that were harvested were raised successfully to fledging.
They were then transferred to Mabula Game Reserve, to initiate a programme of reintroduction
under the care of a hornbill shepherd from Makuleke. Typical community resources were used
wherever possible for housing, husbandry and transport of the birds and the success of this pilot
study confirms that such an operation is feasible under these circumstances. The study showed
that it might be feasible to involve local communities in the rearing of the second hatched
chicks as an additional natural resource for their own benefit. Additional benefits were the
stimulation of environmental awareness and re-introduction to regions from where the birds
have disappeared.
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ABSTRACT
Kemp, A. C., Kemp, M. I. & Turner, A. 2007. What has become of eggs and chicks of Southern
Ground Hornbills harvested from the Kruger National Park? In: Kemp, A. C. & Kemp, M. I. (eds).
The Active Management of Hornbills and their Habitats for Conservation, pp. 288-297. CD-ROM
Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South
Africa. Naturalists & Nomads, Pretoria.
An egg or chick was harvested from 62 nests of the Southern Ground Hornbill Bucorvus leadbeateri
in the Kruger National Park from 1969-2003, but only once the other egg in the clutch was about to
hatch or had hatched. Overall, 47% of harvested eggs and/or chicks taken into captivity were raised to
fledging age, well below the 68-70% reported for natural rearing in wild nests. However, from 1990
onwards, taking only hatched chicks, and with improved experience and protocols, about 60% were
raised successfully (n = 44). Few factors appeared to correlate with captive rearing success and
survival. Chicks harvested from pipping eggs or within two days of hatching had a higher chance of
survival than older chicks. Two unpipped eggs taken within a week of hatching were also raised
successfully, but four other unpipped eggs contained large dead embryos, possibly mortalities caused
by harvesting. Chick mortality was highest in the first week after hatching, still high in the subsequent
two weeks, but low in the latter two thirds of the 86-day nestling period. Fledglings experienced their
highest mortality in the first year of life, whether in captivity or after release into the wild, similar to
records for wild fledglings. More survived to maturity in captivity than after release, mainly due to
predation of free-living individuals, but a similar number of accidental deaths occurred in both
environments.
Protocols exist for hand rearing and release of harvested juveniles, available from the authors or
The Mabula Ground Hornbill Research and Conservation Project. Efforts are necessary to refine these
protocols, especially to reduce the higher mortalities of young chicks and fledglings that were
identified in this analysis.
*Author for correspondence: leadbeateri@gmail.com

INTRODUCTION
The Southern Ground Hornbill Bucorvus
leadbeateri (SGH) lays a clutch of up to
three eggs, with c/2 in 75-80% of nesting
attempts (Kemp 1990, 1995a; Kemp &
Kemp 2007, this volume), but rears only a
single chick per nesting attempt (Kemp &

Kemp 2007, this volume). The second- and
third-laid egg is almost always smaller
than the first-laid, hatches a few days later,
but still produces a chick that is potentially
viable and sometimes even survives
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hatched chicks from nests in the Kruger
National Park (KNP) since 1969, with only
a few first-hatched chicks taken to confirm
the natural viability of the smaller chick.
We analyse the success with which these
harvested eggs and/or chicks were hatched
and reared in captivity, and survived
subsequently. We also comment on the
application of these artificially reared
chicks to conservation of the wild South
African population.

naturally in place of the first-laid egg
and/or first-hatched chick.
Since the natural survival of the
second- and third-hatched chicks may be
achieved only rarely, if ever (Kemp &
Kemp 2007, this volume), these chicks
represent a resource that might be
harvested for applications in the
conservation management of the species
(Kemp 2000). We have removed some
second-laid or smaller eggs and second-

METHODS
Nest sites of SGHs were located in the
KNP, northeast South Africa, from 1969 to
2003, as part of a long-term research
programme on the species (see Kemp &
Kemp 1980; Kemp 1990; Kemp & Kemp
1991; Kemp & Begg 1996 for relevant
details of biology, techniques and study
areas). As many nest sites were revisited
over as many summer breeding seasons as
possible. When an active nest was found,
logistics allowed, and one egg was
hatching or had already hatched, we
sometimes removed the remaining egg or
chick.
These harvested eggs or chicks were
then cared for initially in the field by
survey teams from the Transvaal Museum
(1969-1999) and Mabula Ground Hornbill

Research and Conservation Project
(MGHP, 2000-2003), and subsequently
handed over for rearing to permanent
South African facilities at the National
Zoological Gardens (Tshwane), Umgeni
River Bird Park (Durban), Makuleke
Community (Malamulele), Mabula Private
Game Reserve
(Bela-Bela)
and/or
Montecasino Bird Park (Johannesburg). If
the chicks were raised to fledging age, they
were either retained at these facilities or
placed, at various ages, into other facilities
or into conservation release programmes in
the wild. The subsequent history for some
individuals was derived from the latest
African regional studbook for the species
(Schoeman 1999).

RESULTS
chick was raised to fledging, except for the
obvious result that addled eggs and
emaciated chicks never survived. The only
apparent correlation with fledging success
was the age at which the egg or chick was
harvested (Table 1). This indicated that eggs
taken within a week before hatching and
chicks taken within 2 days after hatching
have a higher chance of survival to fledging
than chicks taken when three days old or
older. However, the success with unpipped
eggs may be exaggerated, given that four
other unpipped eggs that failed to hatch but
were scored as addled, each contained a
large embryo that might have been alive at
harvest and died subsequently in captivity.

We tabulated the fate of each egg or chick
harvested from the KNP in a format that
would facilitate assessment of survival up to
fledging age (Appendix 1) and post-fledging
(Appendix 2).
SURVIVAL OF EGGS/CHICKS TO FLEDGING
Of all 62 eggs or chicks harvested, 29 (47%)
survived to fledging (Appendix 1). There
was no obvious correlation between whether
the chick was raised to fledging and its mass
at harvest, the date of harvest, or the
estimated volume of the egg from which it
hatched. There was also no correlation
between our rating for the chances of
success, given the condition of the egg or
chick when harvested, and whether the
289

addled eggs, emaciated chicks and wildrearing) has improved over time from 33%
(n = 12) during 1969-1989 to 64% (n = 22)
during 1990-1999 and 57% (n = 14) during
2000-2003.

The death of harvested chicks was
highest in the first three weeks after
hatching, especially in the first week, but
declined markedly in the latter two thirds of
the nestling period (Table 2). It does appear
that captive rearing success (excluding

Table 1. Number of eggs or chicks of SGH harvested from the KNP that were raised to
fledging compared to their age in days when harvested and relative to their estimated or
known hatching day.
Age in days

Failed to fledge

-6
-5
-1
0 (hatching)
1
2
3
4
6
7

Successfully fledged

0
0
0
1
2
1
7
3
1
1

1
1
1
4
2
2
1
0
0
0

Table 2. Estimated or known age of death prior to fledging for hand-raised chicks of SGH
harvested from the KNP during 1973-2004.
Chicks that died

Age of chick at death, days
0-7

Numbers

12

8-14

15-21

5

4

≥22
2

probability of death, especially among
individuals released into the wild. However,
analysis of the causes of death suggests that
explicable and controllable events leading to
death have the same probability of
occurrence
in
captive
and
wild
environments, compared to inexplicable or
uncontrollable natural events (Table 4),
even though details and/or causative agents
differ in each environment.

SURVIVAL OF JUVENILES POST-FLEDGING
The sample size for post-fledging survival
of juveniles was small and also revealed few
obvious trends. As might be expected,
individuals maintained in captivity appear to
survive longer than those released into the
wild, with a higher proportion reaching ages
of ≥6 years by the end of 2004 (Table 3). In
both circumstances, juveniles in their first
year of life experienced the highest

Table 3. Number of SGH fledglings from chicks harvested from the KNP during 1973-2003
that survived to the end of each subsequent year up to the end of 2004.
Husbandry
Retained in captivity
Released into the wild

<1
5
7

<2
1
2

Maximum age in years
<3 <4 <5 <6
≥6
1
5*
2
2*

Total
11
12

*Individuals all still alive. No released individuals were more than six years old.
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Table 4. Causes of death of hand-reared juveniles after fledging, for SGHs harvested from
the KNP during 1973-2004.
Cause of death

Retained in
captivity

Released into
the wild

1
1
0
0

2
1
1
1

3
0
0

0
4
1

Explicable/Controllable
Poisoning
Hip/back dislocation
Poached/hunted
Cage breached
Natural/Uncontrollable
Undiagnosed illness
Predation
Cavity entry accident

DISCUSSION
The overall survival of 47% of harvested
eggs/chicks
to
fledging
compares
unfavourably with the natural survival of
hatchlings to fledging at 68-70% of wild
nests in KNP (Kemp & Kemp 2007, this
volume), but this improved with experience
to about 60% after 1990. Data on survival
after fledging showed a similar pattern to
wild populations, with high first year
mortality, improved survival in subsequent
years and high survival once mature at 5-6
years of age (Kemp 1990).
Our data were too few to offer new
insights that might improve the success of
harvesting and release operations. Our
results do indicate the importance of
harvesting eggs and/or chicks that are as
close as possible to hatching age. The
apparent drop in viability of chicks taken
even three days after hatching, yet the
ability of a wild group to raise even an
emaciated chick introduced into their nest
(Nwanedzi E 1973), suggests that
improvements in captive husbandry
techniques for young chicks are still
possible. However, it might also suggest
that second chick quality declines rapidly
after hatching, given that several of the
mortalities of older chicks after harvest only
occurred later, well into the nestling period.
It is possible that small egg size, or some
early organ damage due to limited nutrients
or liquids, reduces viability, although the
exact reasons deserve further study.

The obvious guidelines that emerge
from this analysis is to harvest chicks as
close to hatching as possible, and then care
for them as carefully as possible during the
first three weeks after hatching, especially
during the first week. The first week after
hatching is also the time when chicks are
subjected to most disturbance, as they are
removed from the nest, cared for in the
field, and then transported to the raising
facility, so efforts should also be made to
minimise these influences.
We now know that eggs or chicks of
SGHs can be harvested from the wild,
reared under various captive situations
(Kemp 2000), released into the wild (Kemp
1995b; this study), maintained until mature
(Schoeman 1999) and, finally, bred in
captivity (at URBP, Shaun Wilkinson pers.
comm.; Loskop Dam Nature Reserve,
Delicia Gunn pers. comm.) or show nesting
behaviour in the wild (MGHP). Assuming
that the second egg or chick in wild nests is
of minimal importance to the dynamics of
natural populations (Kemp & Kemp 2007,
this volume), it is feasible to apply such
‘living dead’ to conservation management
of the species (Kemp 2000).
Future improvements in the success of
captive rearing and maintenance, and in
wild releases, will hinge on improved
protocols for rearing (to raise the percentage
success close to or above the natural level of
about 70%; Kemp & Kemp 2007, this
volume) and for release (especially to
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release habitats. Protocols for rearing and
release are available from the authors or the
MGHP
and
any suggestions
for
improvement are welcome.

reduce the high first-year mortality).
Elimination of accidents from poisoning,
injuries or inadequate housing is required
for both captive and release environments,
and reduction of predation indicated for
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Appendix 1. The origin and husbandry record until fledging for each egg or chick removed from nests of Southern Ground Hornbill in the Kruger National Park
during 1969-2003. The age gap between chicks was estimated in days or indicated by the mass of the un-harvested chick. Chick age at harvest given as minus days
indicates eggs taken prior to hatching. Fledging chances are ranked as: 0 (addled egg or emaciated chick), 1 (fertile smaller egg), 2 (healthy smaller chick), 3 (healthy
larger chick). ? = information lacking. Addled eggs, emaciated chicks or wild-reared exchanges are marked in bold.
__________________________________________________________________________________________________________________________________
Year
laid

Group
name

Egg volumes, ml Egg/chick
Larger Smaller taken

Age
gap

Date
taken

Chick Chick
mass, g age, d

Died
Fledging
Teams involved
aged, d Chances Success Harvest Rearing

Stud
#

Comments

___________________________________________________________________________________________________________________________________
1969
KumaneD egg smaller 05 Nov 0
0
0
TM
Addled
Mazithi D only egg
05 Nov ?
1
0
TM
wild
Note 1
1973

Satara
Sweni E
Mazithi
Nwanedzi E

-

-

uncertain
uncertain
only egg
uncertain

c.5
5
5+

08 Dec
12 Dec
17 Dec
17 Dec

66
56

c.1
0
c.2

c. 14
0
-

2
2
0
2

0
1
0
1

TM
TM
TM
TM

TM
NZG
wild

-

Note 2
Note 3
Addled
Note 4

1985

Mzanzene

83

74

larger

3-4

08 Jan

-

2-3

53

3

0

TM

NZG

15

Note 5

1986

Mondzu
Sand R
Gudzane D 82

75

larger
smaller
smaller

4-5
4-5
c.4

08 Jan
09 Jan
09 Jan

-

5-6
2-3
0

51
48
-

3
2
2

0
0
1

TM
TM
TM

NZG
NZG
NZG

17
18
19

Note 6
Note 6

1987

Mondzu
Mzanzene
Sand R

-

smaller
larger
smaller

(242 g) 08 Dec 55
(55 g) 08 Dec 180
5-6
08 Dec -

2-3

3-4

2
3
0

1
1
0

TM
TM
TM

NZG
NZG
-

20
21
-

-

Emaciated

Notes:
1. Single fertile egg exchanged into nest of Kumane pair for addled smaller egg, in attempt to raise production of pair-group, but neither egg/chick fledged.
2. Chick reared in field camp on whole Red-billed Quelea Quelea quelea eggs and chicks, becoming impacted as food becomes more feathered.
3. Chick reared but died within four days of fledging from eating a poisoned rat that entered its cage.
4. Emaciated smaller chick exchanged for single addled egg of Mazithi group and raised to at least 77 days old and probably fledged.
5. Died with high uric acid levels in kidneys. Smaller pipping egg left in nest hatched and chick raised to at least 52 days old.
6. Died with high uric acid levels in kidneys.
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Appendix 1 (cont. b). The origin and husbandry record until fledging for each egg or chick removed from nests of Southern Ground Hornbill in the Kruger
National Park during 1969-2003. The age gap between chicks was estimated in days or indicated by the mass of the un-harvested chick. Chick age at harvest given
as minus days indicates eggs taken prior to hatching. Fledging chances are ranked as: 0 (addled egg or emaciated chick), 1 (fertile smaller egg), 2 (healthy smaller
chick), 3 (healthy larger chick). ? = information lacking. Addled eggs, emaciated chicks or wild-reared exchanges are marked in bold.
___________________________________________________________________________________________________________________________________
Year
laid

Group
name

Egg volumes, ml Egg/chick
Larger Smaller taken

Age
gap, d

Date
taken

Chick Chick
mass, g age, d

Died
Fledging
Teams involved
aged, d Chances Success Harvest Rearing

Stud
#

Comments

___________________________________________________________________________________________________________________________________
1988

Nwamuriwa N’tsisontso 93

73

smaller
smaller

(112 g) 16 Dec (160 g) 17 Dec -

-2
-1

?
?

1
1

0
0

TM
TM

NZG
NZG

-

Unhatched
Pipping

1989

Sweni D
Mazithi D H’bosrand 83

80

smaller
smaller
smaller

4
3-5
-

31 Dec 01 Jan 08 Jan -

0
2-3
-

8
5
?

2
2
1

0
0
0

TM
TM
TM

NZG
NZG
-

25
26
-

Note 7

1990

Mzanzene

-

-

?

1-2?

01 Jan -

-

?

1

0

TM

-

-

Note 8

1991

Shingwedzi
Bowkerskop
Ntwanana
Mzanzene
Tsumane

103
78
-

89
78
-

smaller
smaller
smaller
smaller
smaller

c. 5
(59 g)
(59 g)
-

13 Jan
15 Jan
15 Jan
16 Jan
20 Jan

-1
-

c.7
?
-

2
2
1
1
2

0
1
1
0
1

TM
TM
TM
TM
TM

URBP
URBP
URBP
URBP
URBP

33
34
35

Pipping
Note 9

66
-

1992

Kumane D 93
86
smaller
(105 g) 07 Jan 0
1
1
TM
NZG
36
Pipping
Pafuri
smaller
09 Jan 3-4
5
0
0
TM
37
Emaciated
Mondzu
93
82
smaller
3-4
10 Jan 0
1
1
TM
NZG
38
Pipping
Mphongolo smaller
4-5
14 Jan 1
1
TM
NZG
39
Pipping
_____________________________________________________________________________________________________________________________

Notes:
7. Smaller unhatched egg taken after both confirmed viable by candling, but fails to hatch.
8. Unhatched egg taken and 1-2 day-old chick left in nest, egg fails to hatch but with large dead embryo inside.
9. Smaller egg taken, leaving newly hatched chick in nest, but large embryo never hatched.
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Appendix 1 (cont. c). The origin and husbandry record until fledging for each egg or chick removed from nests of Southern Ground Hornbill in the Kruger National
Park during 1969-2003. The age gap between chicks was estimated in days or indicated by the mass of the un-harvested chick. Chick age at harvest given as minus
days indicates eggs taken prior to hatching. Fledging chances are ranked as: 0 (addled egg or emaciated chick), 1 (fertile smaller egg), 2 (healthy smaller chick), 3
(healthy larger chick). ? = information lacking. Addled eggs, emaciated chicks or wild-reared exchanges are marked in bold.
___________________________________________________________________________________________________________________________________
Year
laid

Group
name

Egg volumes, ml Egg/chick
Larger Smaller taken

Age
gap, d

Date
taken

Chick Chick
mass, g age, d

Died
Fledging
Teams involved
aged, d Chances Success Harvest Rearing

Stud
#

Comments

___________________________________________________________________________________________________________________________________
1993

Bateleur
Voetpad

-

-

smaller
smaller

4-5
3-4

01 Dec 03 Dec -

1-2
1-2

9

2
2

1
0

TM
TM

NZG
NZG

40
41

1994

Kumane D
Metzi Metzi
N’sisontso
Mhlalene
Hutome

102
95

88
77

smaller
smaller
smaller
smaller
smaller

5-6
(400 g)
(150 g)
(350 g)
(300 g)

18 Dec
28 Dec
28 Dec
06 Jan
06 Jan

50
70
60
-

1
3-4
2-3
2-3
0

5-6
c. 16
c. 15
-

2
0
2
2
1

1
0
0
0
1

TM
TM
TM
TM
TM

NZG
NZG
NZG
NZG

42
43
44
45
47

Metzi Metzi Bateleur
Ntwanana Kumane D 96
Nwatinhlaru 100
Kingfisher R96

87
89
86

smaller
smaller
smaller
smaller
smaller
smaller

(350 g)
(110 g)
5-6
(700 g)
(200 g)

21 Nov
24 Nov
25 Nov
11 Dec
02 Jan
03 Jan

56
70
-

2-3
-5
1
5-7
?

7-9
?

2
2
1
2
0
1

0
0
1
1
0
0

TM
TM
TM
TM
TM
TM

NZG
NZG
NZG
NZG
-

51
52
53
54
-

1995

Emaciated

Pipping

Emaciated
Note 10

Shitshova 99
91
smaller
(330 g) 10 Dec 60
3-4
5-6
0
0
TM
Emaciated
Hutome
83
75
smaller
4-5
16 Dec -6
1
1
TM
NZG/MC 60
Note 11
Punda
smaller
17 Dec 2
1
TM
NZG/MC
58
Voetpad
smaller
19 Dec 2
1
TM
NZG/MC
59
_________________________________________________________________________________________________________________________________

1998

Notes:
10. Smaller egg taken but fails to hatch although contains large embryo.
11. Smaller unpipped egg taken, larger pipping egg left in nest.
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Appendix 1 (cont. d). The origin and husbandry record until fledging for each egg or chick removed from nests of Southern Ground Hornbill in the Kruger National
Park during 1969-2003. The age gap between chicks was estimated in days or indicated by the mass of the un-harvested chick. Chick age at harvest given as minus
days indicates eggs taken prior to hatching. Fledging chances are ranked as: 0 (addled egg or emaciated chick), 1 (fertile smaller egg), 2 (healthy smaller chick), 3
(healthy larger chick). ? = information lacking. Addled eggs, emaciated chicks or wild-reared exchanges are marked in bold.
___________________________________________________________________________________________________________________________________
Year
laid

Group
name

Egg volumes, ml Egg/chick
Larger Smaller taken

Age
gap, d

Date
taken

Chick Chick
mass, g age, d

Died
Fledging
Teams involved
aged, d Chances Success Harvest Rearing

Stud
#

Comments

___________________________________________________________________________________________________________________________________

1999

Shingwedzi Kingfisher Kumane
-

-

smaller
smaller
smaller

(157 g) 07 Dec 55 g
27 Dec 27 Dec -

3
1

12

2
2
2

1
1
0

TM
TM
TM

2000

?KNP

?

?

smaller

?

?

?

?

<18?

?

0

MGHP NZG/MGHP

2001

?KNP
?KNP
?APNR
?APNR

?
?
?
?

?
?
?
?

smaller
smaller
smaller
smaller

?
?
?
?

?
?
?
?

?
?
?
?

?
?
?
?

<7?
<7?
<7?
<7?

?
?
?
?

0
0
0
0

MGHP
MGHP
MGHP
MGHP

MBP/MGHP
MBP/MGHP
MBP/MGHP
MBP/MGHP

2002

Bateleur
Shilowane
Tschwane
Jonniesdale

?
?
?
?

?
?
?
?

smaller
smaller
smaller
smaller

?
?
?
?

?
?
?
?

?
?
?
?

?
?
?
?

19

?
?
?
?

1
1
1
0

MGHP
MGHP
MGHP
MGHP

MGHP
MGHP
MGHP
JZ

2003

NZG/MC
72
NZG/MGHP 73
NZG/MGHP 74

a
b
c

Mudzi
?
?
smaller
?
?
?
?
?
1
MGHP MGHP
d
Lindanda
?
?
smaller
?
?
?
?
?
1
MGHP MGHP
e
Orpen
?
?
smaller
?
?
?
?
?
1
MGHP MGHP
f
Imbali
?
?
smaller
?
?
?
?
?
1
MGHP MGHP
g
Tandatulu ?
?
smaller
?
?
?
?
?
1
MGHP MGHP
h
________________________________________________________________________________________________________________________________
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Appendix 2. Fate of second chicks after fledging for SGHs harvested from the KNP during 1973-2004, whether held in captivity or during release into the wild. *Fledging
age taken as 02m 26d, ** indicates still alive at end of 2004, + captive and/or release facilities: TM - Transvaal Museum; MGHP - Mabula Ground Hornbill Research and
Conservation Project; NZG - National Zoological Gardens; URBP - Umgeni River Bird Park; MC - Makuleke Community; MPGR - Mabula Private Game Reserve; MBP Montecasino Bird Park; H’BURG – Haenertsberg community; SGR – Shamwari Game Reserve; APNR – Associated Private Nature Reserves.
________________________________________________________________________________________________________________________________
Stud
Sex
Captive facility+
Age at Age at
Facility+
Age at
Survival
Comments
#/name
death
end 2004
release
in wild
________________________________________________________________________________________________________________________________
-/NZG
02m 30d*
Accident - secondary poisoning by wild rat
19/KRUGER
f
NZG/LDNR
18y 00m
Laid captivity 2004, two eggs, one raised
20/NZG
04m 12d
21/NZG
04m 05d
33/BOWKERSKOP
m URBP
(9+4y?)
34/NTWANANA
f
URBP
(9+4y?)
35/TSUMANE
f
URBP
(9+4y?)
36/KUMANE
f
NZG/MZ
4y 08m 19d
38/MONDZU
f
NZG
(8+4y?)
39/MPHOMGOLOf
NZG
Swaziland
2y 04m 10d 03m 09d
Killed by hunter/poacher
40/BATELEUR
f
NZG
(7+4y?)
42/MARTYN
NZG
Swaziland
04m 07d
02m 27d
Killed by wild serval or caracal
47/VUTOME
NZG
Swaziland
08m 04d
<14d
Starved, unable to supplementary feed
53/NTWANANA 2
NZG/KCBC
(5+4y?)
54/KUMANE 2
NZG/KCBC
(5+4y?)
58/PUNDA
m MC/MGHP
MGHP/H’BURG 03m 24d
c. 05y 03m Accident in artificial cliff cavity
59/VOETPAD
m MC/MGHP
MGHP
03m 27d
c. 06m
Killed by wild caracal
60/TSHOKWANE
m MC/MGHP
MGHP
03m 30d
c. 01y 09m Accident slipping off vehicle, broke back
72/SHINGWEDZI
f
MGHP
MGHP
02m 26d*
02y 05m 12d Accidental poisoning in leopard trap
73/KINGFISHER
f
MGHP
MGHP
02m 26d*
c. 05y +**
Female, Mabula group, nesting behaviour
a/BATELEUR
m MGHP
MGHP/SGR
02m 26d*
c. 02y+**
Male of young pair at Shamwari
b/SHILOWANE
m MGHP
MGHP/APNR 02m 26d*
c. 09m
Accidentally killed by leopard break in
c/TSCHWANE
f
MGHP
MGHP
02m 26d*
?
Killed by wild Martial Eagle
d/MUDZI
MGHP
MGHP
02m 26d*
c. 02m
Killed by wild serval
e/LINDANDA
f
MGHP
MGHP/H’BURG 02m 26d*
c. 01y+**
Juvenile in wild Haenertsburg group
f/ORPEN
f
MGHP
MGHP/SGR
02m 26d*
c. 01y+**
Female of young pair at Shamwari
g/IMBALI
m MGHP
MGHP
02m 26d*
c. 01y+**
Juvenile of Mabula group

h/TANDATULU

m

MGHP/MBP

-

c. 01y**

Accidental hip dislocation as chick
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Economics of harvesting, rearing and reintroduction
of Southern Ground Hornbill chicks: is this
sustainable?
Leslie MUDIMELI
General Manager: Corporate Services, Environmental and Eco-Tourism, Komatiland, Private
Bag X11201, Nelspruit, 1200, South Africa. Email: leslie@klf.co.za
Mudimeli, L. 2007. Economics of harvesting, rearing and reintroduction of Southern Ground Hornbill
chicks: is this sustainable? In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills
and their Habitats For Conservation, p. 298. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

The economic feasibility of harvesting the redundant second chicks of Southern Ground
Hornbill Bucorvus leadbeateri (plus African Hawk-Eagle Hieraaetus spilogaster and
Verreaux’s Eagle-owl Bubo lacteus) was studied with the Makuleke community bordering the
north-west edge of the Kruger National Park. Three parallel projects addressed the husbandry
aspects of the project, the community’s perception of the birds concerned, and the community’s
views on sustainable utilization and conservation, and a public awareness and scholar education
programme was also included.
Nests were located and chicks harvested from within the Kruger National Park. Early
hand rearing was done at the National Zoological Gardens, Pretoria, under the expert
supervision of their staff, but later hand rearing was conducted at the Makuleke village and
release and reintroduction was done at Mabula Game Reserve.
Details of all expenses required for harvesting, hand-rearing and reintroduction were
recorded. Typical community resources were used wherever possible for housing, husbandry
and transport of the birds, and the success of this pilot study confirms that such an operation is
feasible under these circumstances. The study showed that, while it might be feasible to involve
local communities in the rearing of the second hatched chicks as an additional natural resource
for their own benefit, the profit would be small and limited to a few individuals. Data were
collected that might serve as indices for locating nests, judging laying time and predicting size
of harvest. These and other options that would reduce costs and improve marketing need to be
considered and are discussed.
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The use of artificial nest sites by Southern Ground
Hornbills in a private conservation area of South
Africa
Mornè A. DU PLESSIS, Yuval ERLICH, Adin ROSS-GILLESPIE & Sieglinde RODE
Percy FitzPatrick Institute of African Ornithology, DST Centre of Excellence, University of
Cape Town, Rondebosch, 7701, South Africa. Email: morne@botzoo.uct.ac.za

Du Plessis, M., Erlich, Y., Ross-Gillespie, A. & Rode, S. 2007. The use of artificial nest sites by
Southern Ground Hornbills in a private conservation area of South Africa. In: Kemp, A. C. & Kemp, M.
I. (eds). The Active Management of Hornbills and their Habitats For Conservation, p. 299. CD-ROM
Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa.
Naturalists & Nomads, Pretoria.

The Southern Ground Hornbill Bucorvus leadbeateri population in South Africa is listed as
Vulnerable in the recent SA Red Data Book. Among one of the key factors responsible for this
conservation classification is thought to be the disappearance of suitable nest sites. Ground
hornbills are demographically sensitive through low productivity rates and high adult survival.
They usually lay two eggs, and almost invariably one of the nestlings dies within weeks of
hatching.
A large tract of privately owned conservation land adjacent to the eastern boundary of
the Kruger National Park sustains a modest population of Southern Ground Hornbills. An initial
assessment in 2001 suggested that there was little evidence of successful breeding in this area,
and only four natural nests were known to exist in an area of 150 km2. Over the next two years,
we built and deployed a total of 36 artificially sculpted nest logs. Breeding success over the
next two seasons was low with only one and two young fledging in the 2002/3 and 2003/4
breeding seasons respectively.
Over the most recent breeding season of 2004/5, 11 different groups produced nestlings,
10 of which were in artificial nests. Three nestlings subsequently died – apparently of starvation
– and the remaining eight nestlings fledged by March 2005. At least four of the fledglings have
survived their first six months to September 2005.
Unfortunately we are not in a position to unequivocally document and quantify the actual
increase in numbers of ground hornbill groups as a result of the provision of artificial nest sites.
However, this study strongly suggests that the use of artificial nests can make a marked
contribution to the production of fledglings, and that it does not take long before adult ground
hornbills discover and take to breeding in such sites.

299

Successful captive reproduction of two species of
threatened endemic hornbill, Aceros waldeni and
Penelopides p. panini, at Mari-it Conservation Park,
Panay Island, Philippines
Lucia L. LASTIMOZA* and Pavel HOSPODÁŘSKÝ
Mari-it Conservation Park, WVSU-CA, Lambunao, Iloilo, Philippines 5042

ABSTRACT
Lastimoza, L. & Hospodářský, P. 2007. Successful captive reproduction of two species of threatened
endemic hornbill, Aceros waldeni and Penelopides p. panini, at Mari-it Conservation Park, Panay Island,
Philippines. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their
Habitats for Conservation, pp. 300-322. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
To date, the successful breeding of A. waldeni at M-ICP is the only known successful captive breeding
for this species and the 22 individuals being held at the M-ICP is the world’s only captive population.
Two pairs of Visayan Writhed-billed Hornbills Aceros waldeni produced a total of three offspring that
fledged on 2 May and 25 June 2005, respectively. In addition, a total of seven Visayan Tarictic
Hornbills Penelopides panini panini (2 males and 5 females) fledged this breeding season. This was the
third successful attempt for this species, that started breeding in 2003, and the first time in captivity that
this species successfully hatched and fledged four offspring (1 male and 3 females).
The breeding period for A. waldeni averaged 111+4.2 days (n = 2), 48+2.8 days from
completion of sealing to first heard vocalization of a hatchling, and 63+1.4 days from first vocalization
to fledging of the young. The average breeding period of P. p. panini was 99.7 + 5.0 days (n = 4),
41.8+3.8 days from sealing to first vocalization, and 60.5+7.2 days from first vocalization to fledging
Initial and subsequent successful breeding among sexually mature pairs of hornbills was
attained only when all aspects of management were improved. Nest boxes were enlarged, nest interiors
were provided with lining, nutrition was fortified with animal protein during the pre-breeding and
brooding periods, feeding frequency was increased after chicks hatched, and the aviary environment was
modified by addition of growing plants and perches.
*Author for correspondence: lucia_lastimoza@yahoo.com

INTRODUCTION
The Visayan Writhed-billed Hornbill
Aceros waldeni, known locally as dulongan,
and the Visayan Tarictic Hornbill
Penelopides panini panini are two
sympatric hornbills endemic to the West
Visayas Faunal Region, central Philippine
Archipelago, comprising the islands of
Panay, Negros, Guimaras, Masbate, Ticao,
Siquijor and Cebu. The status of the A
waldeni population has been described as
Critically Endangered and that of P. p.
panini as Endangered (Mace 1994; Collar &

Andrew 1988; Wildlife Conservation
Society of the Philippines 1997; Kennedy et
al. 2000). Both populations are confined
currently to Panay and Negros Islands,
where the habitat is characterized by low
elevation to mid-montane evergreen forest
ranging from sea level to 950 m a.s.l.
Timber
poaching,
specifically
felling the forest fruit trees and dipterocarp
hardwoods that form respectively the bulk
of food sources and nesting sites for these
birds, is one of the two most serious threats
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Populations, and Vogelpark Avifauna. A
captive breeding facility was established at
the Mari-it Conservation Park (M-ICP),
College of Agriculture and Forestry, West
Visayas State University (WVSU-CAF) at
Jayubo, Lambunao, on Panay Island in
Iloilo Province. Stiftung Artenschutz, a
German juice company, became a partner in
2003.

to the survival of the species. The second
threat is nest poaching of juveniles for the
pet trade, and trapping of adults for
‘special’ food.
Timber poaching is always followed
by clearing of the forest using the slashand-burn method to establish agricultural
plots, known locally as kaingin, for crops
such as rice and corn. Although fallow
periods exist, the duration between
clearings has become shorter as more
people settle in forested areas and repeat the
cycle of slash-and-burn on secondary
forests regenerated from previous kaingin.
This practice prevents regeneration of
forests and restricts the foraging range of
the birds. Coupled with hunting, this
practice contributed substantially to the
population decrease of both species, but
more so in the population of A. waldeni that
require lowland to mid-montane primary
forests to survive.
A structured Species Recovery
Program was started in 2002 with the
signing of a Memorandum of Agreement
between the Philippine Department of
Environment and Natural Resources
(DENR) and the North England Zoological
Society (Chester Zoo), the Zoological
Society for the Conservation of Species and

AND
RESCUE
PROGRAMME

CAPTIVE

BREEDING

The rescue program for A. waldeni started
in 1998, with the arrival of a one-year old
male to the M-ICP to be paired off with the
four-year old female that had been kept in
captivity since 1994. Since then, an
additional 22 birds have been turned over to
the M-ICP through donation and
confiscation, of which 18 (11 ♂♂, 7♀♀)
have survived and joined the founder stock
for breeding (Table 1).
The P. p. panini rescue program
started in 1998 with the arrival of 21 birds,
of which 17 (8 ♂♂, 9♀♀) survived and
formed eight pairs for the captive breeding
program (Table 1). From 2001 to 2004, four
additional fledglings were donated to the
M-ICP by DENR.

Table 1. Number of adults of breeding age of A. waldeni and P. p. panini at Mari-it
Conservation Park, Philippines, in 2005.
Adult breeding status
Breeding pairs
Females of breeding age without mate
Males of breeding age without mate

TAXONOMY

OF THE ENDEMIC

A. waldeni
7
0
1

P.p. panini
8
3
2

The Philippine Tarictic Hornbill was
treated as the superspecies Penelopides
panini with seven subspecies by McGregor
(1909) and Hachisuka (1934), but with
eight subspecies (manillae, subnigra,
samarensis, affinis, basilanica, panini,
ticaensis and mindorensis ) by Delacour and
Mayr (1946), DuPont (1971), Rabor (1977),
Gonzales and Rees (1988) and Dickinson et
al. (1991), and ten subspecies by Sanft
(1960). Kemp (1995) recommended

VISAYAN

HORNBILLS

The
Visayan
Writhed-billed
Hornbill Aceros waldeni is treated as a
subspecies of the Mindanao Writhed-billed
Hornbill Aceros leucocephalus by Delacour
and Mayr (1946), DuPont (1971) and
Dickinson et al. (1991), while Sibley and
Monroe (1990), Collar et al. (1994) and
Kemp (1995) treated Aceros waldeni as a
separate species.
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Iris colour. Iris colour in both sexes is dark
reddish brown.
Feet. Feet of both sexes is greyish black.

splitting the superspecies into four distinct
species: P. panini, P. manillae, P. affinis
and P. mindorensis, while a fifth species, P.
samarensis, was added by Sibley and
Monroe (1990) and Collar et al. (1994)
followed their taxonomy.

Visayan Tarictic Hornbill Penelopides
panini
Plumage. In the male, the head and neck
feathers, extending to upper part of the
abdomen, are creamy white or yellowish
white, with rufous from the underside of the
belly to the base of the tail and thighs. The
throat has black feathers extending to the
ear coverts, and the upper parts and wings
are black. In the female, the head, neck and
body feathers are all black.
Facial skin. In the male, the bare
circumorbital skin and throat are white,
while in the female the circumorbital skin is
cobalt blue and the throat skin white.
Bill. In both male and female, the casque is
a low ridge, terminating midway along the
bill. The bill and casque are reddish in
colour, darkening near the base, and the
upper mandibles have yellowish grooves
across them.
Iris colour. In both male and female, the
iris is dark reddish brown.
Feet. Both sexes have black feet.

SPECIES DESCRIPTION
The following descriptions are based
on a combination of personal observations
of 22 A. waldeni (7 adult female, 12 adult
male, 2 juvenile male and 1 juvenile
female) and 35 P. p. panini (9 adult male,
12 adult female, 6 juvenile male and 10
juvenile female) at the M-ICP, and
available literature (DuPont 1971; Kemp
1995).
Visayan Writhed-billed Hornbill Aceros
waldeni
Plumage. In the adult male, the head and
neck feathers are rufous, the back, belly and
wings black with a green sheen, and the tail
black with a broad white band across the
middle. In the female, the head, neck, back,
belly and wings are black, and the tail is
black, with a white band across the midsection as in the male.
Facial skin. The bare circumorbital skin
and gular pouch are saffron yellow in the
male, while in the female the gular pouch is
creamy white with washes of azure blue,
starting from the base of the throat and
extending three quarters of the way to the
base of the lower mandible. In most
females, the circumorbital skin is yellowish.
Bill. The coral red bill in the male has a
prominent wrinkled casque, while in the
female, although the bill is the same colour
as the male and the casque is present, the
wrinkles are absent. Grooves are present
across the lower mandible of both sexes.
The tip of the bill is pale glossy pink, in
contrast to the bright coral red colour of the
rest of the bill.

BODY MEASUREMENTS
Body measurements of A. waldeni
and P. p. panini are not well documented.
The data in Kemp (1995) from Sanft (1960)
recorded smaller dimensions than for the
birds measured at the M-ICP, notably for
females (Tables 2 & 3). On all body
measurements taken from both species, the
male was larger than the female. Juvenile
mass at fledging was about half of the adult
mass for A. waldeni, while 5-7 month old
juveniles of both sexes of P. p. panini were
only slightly smaller than the adult female.
Based on body measurements, A. waldeni is
the larger and heavier species.
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Table 2. Body measurements of live adult, juvenile and fledgling Aceros waldeni at Mari-it
Conservation Park, Philippines.

Sex
Adult male
n=7
Adult female
n=4
Juvenile male
8-9 months old
n=3
Fledgling
n=1

Mean
S.D.
Range
Mean
S.D.
Range
Mean
S.D.
Range

Bill
(mm)
125.1
4.95
120-132
106.25
3.78
101-109
107.23
3.21
105-111

Tarsus
(mm)
57.4
1.51
56-59
54.25
2.63
52-57
66.33
10.02
55-74

95.5

63

Measurements
Tail
Wing
(mm)
(mm)
260.9
380.4
9.81
5.09
245-272 370-385
235
334.5
4.08
5.75
230-235 327-335
232.33
331
9.07
8.72
224-242 321-337
-

-

Mass
(g)
1,227
104
1,072-1,337
1,070
67
995-1,147
961
40
915-987
658

Table 3. Body measurements of live adult, juvenile and fledgling Penelopides p. panini at
Mari-it Conservation Park, Philippines.

Sex
Adult male
n=5
Adult female
n = 11
Juvenile male
5-7 months old
n=4
Juvenile female
5-7 months old
n=4
Juvenile (sex ?)
6 months old
n=1

Mean
S.D.
Range
Mean
S.D.
Range
Mean
S.D.
Range
Mean
S.D.
Range

Bill
(mm)
96.4
4.56
92-104
78.91
5.43
72-86
87.75
4.86
85-95
78.75
4.5
75-85

Tarsus
(mm)
46.4
8.87
39-57
45.82
9.37
29-55
53
2
52-56
52.5
1
52-54

80

50

Measurements
Tail
Wing
(mm)
(mm)
227.4
259.8
2.61
6.61
225-231 227-265
220.73
256
23.97
5.66
207-291 244-260
214.75
257.5
10.31
7.19
208-230 252-268
211.25
244.75
4.11
4.11
206-215 240-250

205

244

Mass
(g)
637
42
580-690
530
36
488-600
552
73
487-648
478
43
435-530

385

METHODS
Aviary design, landscaping, diet and
ground maintenance were noted and
subjectively evaluated against growth,
development and social behaviour. Changes
in management were made, based on the
best options available and on existing

Observations and data were collected on
breeding and the development of nestlings
of A. waldeni and P. p. panini that had been
rescued and reared at the M-ICP from 1995
to 2005.
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literature on avian captive management.
Anecdotal observations on reproductive
behaviour, including courtship and nest
sealing, were recorded, largely from the
2003
to
2005
breeding
seasons.
Modifications to nest boxes were based on
anomalies in reproduction for both species
that were observed in previous breeding
seasons, and on available literature (Kemp
1995). Qualitative notes were made on the
effects of husbandry changes with regard to
reproductive behaviour, diet, social
groupings and mate switching. Quantitative
data on diet composition and quantity were
gathered on diet during the breeding season,
and on the duration of various phases of
reproduction.

Ground maintenance
Areas under the feeding bowls were paved
with concrete blocks so that fruits dropped
on the ground could be easily collected and
removed. The blocks were washed twice
daily, before placing the new feed.
Groupings and social behaviour
Pairs were created in 1999, by bringing
together unrelated birds, when individuals
of both species were one-year old
immatures. Seven pairs of A. waldeni and
eight pairs of P. p. panini were created.
Disharmony and antagonistic behavior was
noted in three pairs of A. waldeni and
prompted switching of pair members
(Reilly 1988). Upon introduction, the birds
were not observed at close proximity, but
there was no aggression. Subsequently, they
were seen together beside the food bowl
and feeding each other.
Three 8-year old females of P. p.
panini had been without mates since 1999.
Attempts to pair these birds with adult
males proved unsuccessful, presumably
because the females appeared highly
imprinted on humans. Generally, female P.
p. panini are the more dominant members in
the pairs.
All of these paragraphs below
provide good information, but are confusing
with respect to organization. Suggest that
they be re-organized into chronological
order of events to help paper flow better
and/or talk about one species and then the
other instead of jumping back and forth.

DESCRIPTION OF SUCCESSFUL HUSBANDRY
PRACTICES

Aviary design
Aviaries in the M-ICP for both species were
multi-purpose in nature, but with some
special provisions for the larger A. waldeni.
Aviary dimensions were 3 m wide x 6 m
long x 3 m high, but for A. waldeni the
height was raised to 4 m in four aviaries to
accommodate species that perch high in the
canopy in the wild. Building materials
included a concrete foundation, steel frames
and 2.5 cm (1 inch) wire mesh for Prototype
1 and a 2.5 cm (1 inch) plastic net for
Prototype 2. While Prototype 1 was sturdy
and required no immediate repair, the
developing bills of juvenile A. waldeni and
P. p. panini were damaged when the birds
played with the mesh, and even adults had
abraded casques as a result of pushing their
bill into the mesh.

Separation and grouping of fledglings
Antagonistic behaviour by parents to their
fledglings signalled that the young birds
must be removed from the adults. In 2004
and 2005, young A. waldeni and P. p.
panini were separated from four parental
pairs at approximately 3.5 and 3 months
post-fledging, respectively. Groups of 6-7
young birds of mixed sexes were then
housed together in an aviary that measured
12 m long x 1.6 m wide x 4 m high, without
any sign of aggression. No aggression was
seen even with the mixing of the two
species, and birds of the same species
usually congregated together. In large

Landscaping
All hornbill aviaries were planted with
cereza trees Muntingia calabora, Ficus
spp., bananas, indigenous vines and lianas.
Gaps that could not be covered by growing
branches were provided with perches with
smaller twigs that hornbills used for
cleaning their bills. The growing trees and
vines provided shade and the cool
microclimate approximated the forest
environment.
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papaya and banana that are available yearround and formed the basal diet (Table 4).
Day-old mice and insects (Orthoptera,
Dictyoptera and Coleoptera) comprised the
animal protein food supplement. A crushed
vitamin-mineral tablet (Centrum silver) was
dusted over the sliced fruits twice a week
and a B-vitamin and mineral syrup
complex, without iron, was drizzled over
the fruits four times a week as an alternate
to Centrum tablets. Squid shell was dusted
over the fruits daily.

groups, a dominance hierarchy was
established, and, at one year post-fledging,
P. p. panini individuals began to choose
their own partners. Introduction of an older
3-year old male into a group of three subadult male A. waldeni also did not produce
any sign of aggressive behaviour.
Nutrition
The diet composition for both hornbill
species was based on the seasonal
availability of domestic fruits, except for

Table 4. Hornbill diet fed at Mari-it Conservation Park, Philippines.
Type of diet/Food materials
a. Basal food
Banana (Musa sapientum var. manila)
Papaya (Areca papaya)
Dog pellets/hornbill cake
b. Other fruits in-season
Rambutan (Nephelium Iappacium)
Lanzones (Lansium domesticum)
Barbados cherry (Malpighia glabra)
Avocado (Persea americana)
Wild grapes (Cissus adnata)
Ficus spp., (Ficus benjamina)
Cereza (Muntigia calabora)
Bignay (Antidesma bunius) and assorted berries
c. Vitamin-mineral supplement, day-old mice, insects.
(Amount increased to 18-20% during the breeding
season)
Total

When the hornbills reached breeding age,
supplementation of day-old mice to the
basal diet started from the beginning of
August for the pre-breeding diet (Fig. 1).
During the breeding season, in early March,
when heightened breeding behaviour was
manifested, supplementation of mice was
increased for protein and courtship feeding.
When closure of the nest entrance began,
cooked sweet potato and baby cereal were
added to the diet to provide sticky materials
for sealing Supplementation of mice was
continued and the volume of food given

Part by weight
of total diet, %
41.0
12.5
8.0

33.0

5.5

100

was increased. When the female was
incarcerated inside the nest box, and when
the first vocalization of a chick was heard,
the frequency with which the keeper
brought food was increased, as was the
amount of food and the supplementation of
mice. The peak volume of food, including
animal protein, was given 30 days
following the first vocalization heard from a
chick. From then, until fledging, there was a
decrease in demand for animal protein and
an increase in demand for fruit.
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Figure 1. Average daily feed consumption of A. waldeni pair #1 during the breeding period
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almost 90% in 2004. One pair of P. p.
panini, sealed 65% of the entrance hole in
2003 and almost entirely closed it in the
2004 breeding season. The extra energy
cost of sealing due to the faulty nest box
design may have prompted the females to
abandon sealing (Gill 1990).
When new nest boxes were built for
the 2005 breeding-season, faulty features
were improved or replaced (see Plates 1-9
at the end). The entire circular wall of the
nest boxes were made of mahogany slabs,
2-3 cm thick, or more in some portions, so
providing good insulation and soundproofing when the female pecked on the
wall during sealing. The nest boxes were
provided with an interior lining of soft
wood around the entrance, as a firm anchor
for the sealing materials once the birds had
modified the surfaces. An ‘escape ladder’
was made inside the nest box, although the
females also made their own modifications.
The entrance hole was made smaller, 20 cm
high and 11 cm wide, than the entrance hole
of the 2004 nest boxes, and just large
enough for the female to squeeze in. This
improvement lessened the amount of
plastering time and sealing materials used
by the female. The height of the nest boxes
was also increased, to 1.5 m, enlarging the
space between the sitting female and the
ceiling of the nest box and thus providing
better ventilation. The overall dimensions of
the nest boxes were 1.5 m high with an
internal diameter of 37 cm. The nest boxes
were provided with lining materials
composed of wood shavings, dried moss
from a nearby forest and soft wood chips
from branches that had undergone partial
decomposition (Reilly 1988; Myers 2000).

Post-fledging care
The fruit diet was increased after fledging
and, although day-old mice were still fed
daily, the amount was reduced. Female
fledglings of both species were observed to
perform self-feeding for the first time 26
days after coming out of the nest box, while
male fledglings took 5 – 7 days longer.
Before this, the female parent fed the
juveniles.
The start of self-feeding correlated
with the first change in the facial skin
colour for fledglings of Aceros waldeni,
notably the darkening, in the female, of the
azure blue colour in the gular pouch and, in
the male, of the pale yellow bare facial skin
to bright saffron.
It was also noted that problems of
poor feathering following moult was
mitigated by increasing the amount of dayold mice added to the diet.
Artificial nest boxes
Nest boxes during the 2004 breeding season
were built by combining mahogany
Zwetenia macrophylla slabs with 12 mm
(½-inch) thick plywood. The walls were
built of plywood and only the part around
the nest entrance was reinforced with
mahogany slabs, although some P. p. panini
nest boxes were made entirely of mahogany
slabs. Some failures in reproduction by both
species were noted using this nest box
design. Females lost interest in sealing,
maybe owing to the loud hollow sound
produced when they pecked at the sides of
the nest box, the sealing materials failing to
set on the thin plywood, and the large size
of the entrance hole needing much time and
sealing materials to fill. One pair of A.
waldeni half-sealed the nest entrance in
2003, but sealed the same entrance hole

RESULTS
waldeni, although most pairs start nesting in
March, coinciding with increasing day
length and light intensity (Jennings &
Rundell 1976; Reilly 1988; Buay 1991;
Klop 1998). One female P. p. panini sealed

BREEDING SEASON
The breeding season for A. waldeni
extended from December through early
July, although most birds commenced
nesting in early March. The breeding season
of P. p. panini started later than that of A.
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female was very dominant and nearly killed
the male six months prior to the breeding
season. The male was still wary and every
time the female hopped beside him on the
perch and offered food he flew away. The
mating was unsuccessful and the female did
not lay eggs after attempting to seal into the
nest.

itself in the nest box and laid eggs only in
September.
There were certain important
observations in captivity with regards to
reproduction of both species. On a sunny
day preceded by a day(s) of rain during
August and September, breeding behaviour
was manifested by both sexes, such as
interest in the nest box, peering and going
inside, beating the sides of the bill on the
opening of the nest hole, and uttering soft
coaxing sounds (Myers 2000). Apparently
breeding behaviour is stimulated by rainfall,
which could easily be replicated in
captivity.

SEALING
After the ritual of courtship and some
observed matings, the female started sealing
the nest entrance. In the 2002 breeding
season, one female P. p. panini successfully
sealed itself into the nest box. In 2003, three
females started sealing, but only two
became fully sealed-in and hatched and
fledged singletons. The third female
abandoned sealing, possibly because the
male did not seem as good at food
provisioning as the others, the nest box
design was faulty and the nest substrate or
lining was inadequate. The nest lining was
not compacted, the constant sitting and
moving of the female caused uneven floor
surfaces, and some eggs rolled to the sides
of the chamber, away from the sitting
female.
The A. waldeni, female sealed itself
inside the nest box in 2003, but emerged 60
days later without producing any young
although it had completed its moult inside.
The sealing was only half completed, and
the male brought many of the leastpreferred food items to her, further
suggesting its inexperience at food
provisioning (Gill 1990). In 2004, courtship
behavior and matings were also observed in
the same pair of A. waldeni. The female
sealed itself inside the nest box for 90 days
and emerged with new feathers, denoting
that it had completed its moult inside the
nest box although it may not have laid eggs.
The period of sealing was variable, ranging
from 6 days in experienced female A.
waldeni to around 36 days in neophyte
females that were sealing for the first time.
In the 2004 breeding season, six
pairs of P. p. panini were observed to
display courtship behavior and subsequent
matings. All females were successfully
sealed in during the breeding season, but

COURTSHIP AND BREEDING BEHAVIOR
The smaller P. p. panini was the first
species to manifest courtship and breeding
behavior in 2002, at three years of age. The
oldest pair of A. waldeni, composed of a 9year old female and a 4 -year old male,
showed the same behavior in 2003.
Courtship consisted of food offerings by the
male to the female and nest inspection by
the pair. Food offering started when the
male picked up a food item from the
feeding bowl, flew to the branch where the
female was perching and offered the food
item, at the same time emitting a soft
coaxing sound. The ritual of food offering
was repeated several times when the female
accepted the food. The female, upon
accepting the food, was observed to offer it
also to the male, vocalizing the same soft
sound, and the same pitch of vocalization
was heard in A. waldeni. After the ritual of
food passing and accepting, the pair would
go together and inspect the nest box.
During nest inspection, the male put
his head inside the nest hole and pecked at
the walls and entrance hole. He then beat
the sides of his bill on the edge of the nest
hole and uttered a high-pitched sound to
attract the female’s attention to the nest
hole. This behavior was sometimes
observed in females.
The first copulation was observed in
the 2003 breeding-season in A. waldeni and
in 2002 in P. p. panini. That was the first
attempt of the A. waldeni male to mount
and copulate with the female, because the
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adjacent pairs. Of the five pairs showing
courtship behavior early in the breeding
season, only three females entered and fully
sealed the nest box.

two failed to hatch their clutches of two and
three eggs, respectively. Sealing-in ranged
from 6-11 days. The males contributed
minimally to the sealing process but did
provision the sealing females with the
necessary food.
During the 2005 breeding season,
after the improved nest boxes were installed
and nest substrates were placed and packed,
six pairs of P. p. panini underwent courting
behavior, mating, nest visiting and the
females sealing-in. It was observed that
during the nest-visiting period the female
went inside the nest box and removed nest
lining materials down to the desired level.
The sealing materials consisted mainly of
fruit, regurgitated food and faeces. The
female placed the sealing materials on the
jagged edge of the nest hole, followed by
the slapping motion of the sides of the bill
against the rim to firm up the sealing
materials. Pairs were observed to mate
between bouts of sealing.
Five pairs of A. waldeni displayed
courtship behavior in the 2005 breeding
season. Two pairs showed early interest in
the nest boxes, one female already pecking
inside during placement of the nest box in
the aviary in late December. One young 3year old pair was seen inspecting the nest
box and entered the nest box to investigate.
This behavior was short-lived and was
possibly due to stimulation from the
courtship behavior being displayed by

BREEDING PERIOD
Due to the absence of video equipment, the
phases within the breeding period of P. p.
panini and A. waldeni were not observed
closely. In addition, a management regime
of ‘least disturbance’ was followed after the
females sealed themselves inside the nest
boxes, to minimize the risk of nest desertion
that has been documented (Kemp 1995).
Inspection was exacerbated by the
aggressive behaviour of most males towards
the keepers and anybody near the aviary.
Data on the breeding period was divided
into only two phases, since the exact date
and times of laying and hatching were not
determined (Tables 5 & 6). These two
phases were 1) the period from full sealingin of the female to the first-heard
vocalization of the young, and 2) the period
from the first-heard vocalization to
fledging. It is possible that the young had
already hatched sometime before the first
audible vocalization, or that vocalizations
were audible pre-hatching, so the recorded
incubation period may overlap with the
brooding period. There may also have been
a pre-laying period after sealing in.

Table 5. Some breeding characteristics of pairs of Visayan Writhed-billed Hornbill Aceros
waldeni breeding in captivity at Mari-it Conservation Park, Philippines.
Breeding period
1. Number of days from
full sealing of female to
first heard vocalization
of the young
2. Number of days from
the first vocalization of
the young to fledging
3. Number of days from
full sealing of the
female to fledging of
the young

Pair no. 7
Pair no. 8
Wot87♂ x WOT75♀ PH 0051♂ x WOT94♀

Mean±S.D.

50

46

48.0 ± 2.8

64

62

63.0 ± 1.4

114

108

111.0 ± 4.2
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Table 6. Some breeding characteristics of pairs of Visayan Tarictic Hornbill Penelopides p.
paninii breeding in captivity at Mari-it Conservation Park, Philippines.

Breeding period
1. Number of days
from full sealing of
female to first
vocalization of
hatchings.
2. Number of days
from first
vocalization to
fledging of young
3. Number of days
from full sealing of
female to fledging of
young

Pair no. 1
RN0022♀
x
RN0035♂

Pair no. 2
RN0026♀
x
RN0034♂

Pair no. 3
RN0025♀
x
RN0043♂

Pair no. 4
RN0033♀
x
RN0031♂

Mean±S.D.

47

41

41

38

41.8 ± 3.8

51

58

59, 59, 68,
70

57

60.5 ± 7.8

98

99

107

95

99.7 ± 5.0

According to Kemp (1995), the period that
a P. p. panini was inside the nest hole was
about 95 days, which is within the range
obtained in captivity. One neophyte A.
waldeni female laid 2 eggs for the first time
in 2005, although full sealing was achieved
only 36 days after entering the nest. One
egg was eventually broken and thrown out
of the nest hole and another egg laid,
possibly two days later, was broken and had
a soft shell. The female did not re-clutch
and emerged from the nest box with a new
tail feather growing.

EGG AND CLUTCH SIZE
Data on egg and clutch size in P. p. panini
were taken from four eggs of a female that
died while incubating and from a single egg
of A. waldeni, that was broken and thrown
out of the nest box for unknown reasons and
then reconstructed for measurement (see
Plate 8 at the end). The eggs of P. p. panini
had a mean width of 32.9 mm and length of
46.2 mm, while the A. waldeni egg
measured 36 mm wide and 56 mm long.
The measurements are suggestive of an oval
egg shape in P. p. panini and a more conical
ovoid shape in A. waldeni. Clutch size
ranged from 2-4 eggs in P. p. panini and 12 eggs in A. waldeni, based on the number
of chicks that fledged. In comparison,
captive A. leucocephalus, which is within
the size range of A. waldeni, had clutch
sizes ranging from 2-3 eggs (Myers 2000).

BROODING
The indicator used to determine that the
young had hatched was the first audible
vocalization. The first audible vocalization
of young was heard after 48.0+2.8 days in
A. waldeni and 47.8+3.8 days in P. p.
panini. Another 63.0+1.4 days in A.
waldeni and 60.5+7.2 days in P. p. panini
were spent brooding the young until
fledging time. During this time, and
specifically 30 days after the first audible
vocalization, the number and frequency of
day-old mice being fed by the male was
increased, possibly indicating a higher need
for protein in the chicks. An indication of
high food demand was the frequency of
feeding by the male, and this behaviour was

NESTING
The number of days from full
sealing-in of the female until the chicks
fledged in A. waldeni was 111.0+S.D.4.2
days. This is within the range of the nesting
period of 97-115 days reported for A.
leucocephalus (Myers 2000). Penelopides
p. panini spent 99.7+5.0 days inside the
nest box, the chicks fledging 11.3 days
earlier on average, than A. waldeni.
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also used to gauge the number of hatchlings
and to determine how much more fruit and
day-old mice were added to normal rations.
Food provisioning in P. p. panini in the
wild showed that the animal part of the diet
increased dramatically after the hatching of
the eggs (Klop 1998). The animal part of
the diet comprised 12.7% of the total food
provided during the nestling period, up
from the 2.1% in the pre-hatching period.
The increased demand for animal
protein food items, approximately 30 days
after hatching, was followed by an
increased demand for fruit items, beginning
around 30 after fledging. The tapering off of
the animal part of the diet in favor of fruits
after fledging was consistent with the
observed food composition of adult P. p.
panini in the wild, where only fruits were
taken, even though this species is overall
more carnivorous than A. waldeni (Klop
1998; E. Curio pers. comm.).

SEXUAL MATURITY
The presence of eight pairs of A. waldeni
and seven pairs of P. p. panini that were
reared from the nestling stage, except for
three A. waldeni females that came in as
adults, provided an opportunity to track the
age at sexual maturity in these two hornbill
species (Tables 7 & 8).
Mean age at first observed mating
among P. p. panini was 4.2 + 0.7 years,
with a range of 3.0 to 5.0 years. This
display of courtship behavior and actual
mating underpins sexual maturity and
indicates birds capable of producing viable
gametes and young (Gill 1990). However
the full breeding behaviour was postponed
to the next breeding season at a mean age of
5.2 + 0.8 years. One female laid eggs for
the first time at 4 years of age in 2002 and
laid repeatedly in the 2003, 2004 and 2005
breeding seasons, but failed to hatch,
possibly because the male was not good at
food provisioning and, as a consequence,
the female left the nest box prematurely.

Table 7. Age profile and reproductive characteristics of Visayan Tarictic Hornbill Penelopides
p. panini, recorded in captivity at Mari-it Conservation Park, Philippines.

Pair
no.

1
2
3
4
5
6
7
N=
7
pairs

Pair
identity

0035♂
0022♀
0041♂
0028♀
0044♂
0024♀
0034♂
0026♀
0043♂
0025♀
0031♂
0033♀
0032♂
0023♀

Estimated age
at first
mating and
laying, years

Estimated age
at first
successful
fledging of
young, years

4.0
4.0
5.0
5.0
4.0
4.0
5.0
5.0
3.0
3.0
4.0
4.0
5.0
5.0

5.0
5.0
6.0
6.0
Failed to hatch
first clutch laid
6.0
6.0
4.0
4.0
5.0
5.0
Mated but
failed to lay

Mean =
4.2 + 0.7

Mean =
5.2 + 0.8

1/ ♀ died while incubating four eggs.
3/ Failed to hatch c/ 3.

Total
offspring
that
survived
to 2005

2002

2003

2004

2005

Total
offspring
fledged
by 2005

None

1

1

1

3

2

None

None

2

None

2

2

None

None

No. of offspring fledged by breeding
season

1/

None

None

None

None

2/

3/

4/

None

None

2

1

3

3

1

None

2

4

7

7

None

1

None

1

2

2

3/

None

None

None

None

None

None

Subtotal
=1

Subtotal
=2

Subtotal
=7

Subtotal
=7

Subtotal
= 17

Grand
total
= 16

2/ Failed to hatch c/2.
4/ Failed to hatch.
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Table 8. Age profile and reproduction characteristics of Visayan Writhed-billed Hornbill A. waldeni,
recorded in captivity at Mari-it Conservation Park, Philippines.
Pair
no.

Pair
identity

1

WOT 79 ♂
WOT 11 ♀

Estimated
age in 2005,
years
3
1/
Adult

PH 0059 ♂

5

PH 00602/ ♀

6

WOT 81Y♂

3

WOT 66R♀

3

WOT 78♂
WOT 77♀
NO RING ♂
WOT
65R♀3/

3
4
4

PH00 53 ♂

5

2

3
4
5

4

WOT 75 ♀

4/

Adult

WOT 87 ♂

8

WOT 75 ♀

11

PH 0051 ♂

7

8
WOT 94♀

5/

Successfully
hatched
young

Successfully
fledge young

2005

Previous

None

None

-

-

2004, entered
nest box and
pecking

None, 2 eggs
were broken
and thrown out
of nest box

-

Entered the nest
box for a short
period

None

-

-

None

None

-

-

Observed mating
twice

None

None, the
female died

-

Started sealing
but stopped.
Observed mating
2 times

2004 entered
nest box for
short period

No, the female
did not
continue
sealing

-

Observed mating

2003 halfsealed; 2004
fully sealed but
failed to hatch

Yes, in 2005
breeding
season

One fledgling
in 2005
breeding
season

2004 entered
nest box for
short period

Yes, in 2005
breeding
season

2 fledglings in
2005 breeding
season

Observed mating

6

7

Breeding attempts

Observed mating
3 times

Adult

1/

Came from the wild as adult in 2004 poached from the nest together with young.
Laid the first egg 12 January and second egg 16 January 2005. Both eggs were broken. Stayed
sealed inside the nest box for 92 days.
3/
Died 6 March 2005 due to infection after inspecting nest box the previous day.
4/
Came from the wild as an adult on the 2 June 2001, poached from the nest together with the
young.
5/
Came from the wild as adult on the 4 August 2000. Injured by a neck trap made of bamboo.
2/

in 2005, when the male was more adept at
food provisioning.
Diet given during the time that the
female was sealed inside the nest box was
observed to affect success in laying,
hatching and brooding. The A. waldeni pair,
with a fully sealed-in female in 2003 and
2004, was given diets deficient in animal
protein. Provision of locusts in the food for
the incarcerated female was attempted in
2004, but the quantity was probably too
small to sustain breeding requirements and
may have resulted in the desertion of the
nest box. In contrast, day-old mice given in
increasing quantities during the prebreeding period for the 2005 breeding

In A. waldeni, the mean age at
sexual maturity, excluding the oldest
female, was 5.6 + 1.5 years for both sexes
(5.8 + 1.6 years for males and 5.0 + 1.4
years for females). Courtship behaviour and
mating were observed in five pairs, actual
sealing in three pairs and hatching and
fledging of chicks in two pairs. The
successful hatching and fledging of chicks
by the pair with the 11-year old female
illustrated that success in reproduction
increased with age and experience. The
members of this pair, then nine and six
years old, attempted to breed in 2003 and
2004 but failed. They succeeded in hatching
and fledging chicks only at the third attempt
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ascertain whether it could be used as a
reliable indicator for distinguishing young
females at fledging in A. waldeni.
Sexual dimorphism in A. waldeni
started with the change in colour of the
naked facial and circumorbital skin at about
25 days post-fledging. In females, a tinge of
azure blue developed on the base of the
gular pouch. In males, the skin colour
intensified to saffron yellow and moult of
the head and neck feathers started. These
changes coincided with self-feeding and
independence in the female fledgling. In the
male, self-feeding was observed later as
compared to the female. At two months
after fledging, the head and the neck
feathers of the female were a mixture of
black and rufous, while those of the male
remained rufous. In the female, the azure
blue covered up to three quarters of the
gular pouch, to just below the base of the
lower mandible. At three months postfledging, the female had the black head and
neck feathers of an adult female, except for
rufous tufts still visible on the top of the
head and lower neck. In the male, the
yellow facial skin had become saffron
yellow and the rufous neck and head
feathers acquired a green sheen.
In P. p. panini, fledglings
resembling their same-sex parents. In
females at fledging, the bare circumorbital
skin had turned blue but the gular pouch
remained white. In newly fledged chicks of
both sexes, the feathers on the wings and
tail were black but with obvious rufous
pencilling along the edges. Some females
had a larger section of rufous feathers at the
base of the tail, extending to the lower back
and abdomen. At the age of one year, glossy
black feathers with an olive green sheen,
typical of the adult plumage, replaced those
with rufous pencilling.
In fledgling A. waldeni, the bill was
pale coral red with the absence of a casque
in both sexes. At one month post-fledging,
the bill development was synchronized with
the dichotomy in male–female plumage and
soft part changes. By three months of age,
the casque was obviously developed in the
male, with indentations of future wrinkles
and a single groove visible on the lower

season, starting in November-December
2004, probably elicited breeding behaviour
that eventually led to egg laying in one
female and fledging of young by two other
pairs.
FLEDGING
Fledging took place after the female spent
99.7 + 5.0 days inside the nest box in P. p.
panini and 111.0 + 4.2 days in A. waldeni.
Fledging happened most often in the
morning, when few people were around,
although this varied. In both species, the
female and the chicks left the nest at the
same date. Females were observed to leave
the nest box after breaking the sealing and
the chicks followed, after inspecting the
outside surroundings and being assisted by
the female in going out.
One pair of P. p. panini had four
chicks in a brood and the two eldest and
largest chicks, with completed feather
development, went out first. The two
younger chicks were left inside the nest box
and fed by the parents for a further 10–11
days before fledging. One chick was partly
blind in both eyes and the wing coverts had
white spots, presumably caused by nutrient
deficiency resulting from competition for
food with its older siblings. Despite food
abundance and proximity to the nest box,
the youngest of the brood that had hatched
from the last fertile egg, was barely
sustained and its food consumption was not
enough for normal development.
INDIVIDUAL DEVELOPMENT
Sexual dimorphism is present in P. p.
panini at fledging, but is absent in A.
waldeni. In the latter, all fledglings exhibit
male plumage, characterized by pale yellow
naked facial skin, dull rufous head and neck
feathers, black wings and body, and black
tail with a white band across the centre. A
dark patch on the base of the casque was
noted in one of the fledglings that turned
out to be a female a month after fledging.
This patch was absent in five fledglings in
captivity and other wild fledglings rescued
in 2004, all of which turned out to be males.
This feature should be closely monitored in
subsequent fledging of the young to
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on the upper mandible but this could vary
between individuals. At 18 months of age,
the grooves on the bill were well developed
and hardly separable from those of the adult
male.
The iris colour of A.waldeni at
fledging was blue, two months later it
became pale brown, and at three months
post-fledging had lightened to ambercoloured. At one year of age, the iris had
attained the adult colour of dark amber, or
deep brownish red when observed at a
certain angle.
The iris colour of P. p. panini
nestlings was deep blue but by fledging had
become pale blue with a dark blue ring
around the pupil. At one month postfledging, the iris colour has became light
brown or light tawny and by six months
post-fledging, it had deepened to the dark
amber of adulthood.

mandible, while in the female only the
groove was evident. The bill colour
intensified into bright coral red in both
sexes and, by one-year post-fledging, the
wrinkles on the casque were very prominent
in males, an additional groove on the lower
mandible was evident, and the tip of the bill
started to turn from coral red to glossy pink.
In the female, the casque was now present,
but less prominent than in the male, and a
second groove was present in the lower
mandible. From two to five years old, the
number of grooves on the lower mandible
indicated the age in years of some males,
but this feature is less reliable in
ascertaining age in females. There were
indications, however, that the age of the
female can be estimated by the depth and
darkness of colour in the grooves.
In P. p. panini at fledging, the bill
was dark grey in both sexes. At the age of
one year, a few grooves were usually found

DISCUSSION
would delay sexual maturity and impair the
reproduction potential of the birds.
Aviary design and dimensions must
fulfil the biological needs of the birds for
flight, privacy, security, play and other
activities. At M-ICP, multipurpose aviaries
for both hornbill species were constructed
in two prototypes, one with wire mesh the
other with plastic net walls and roof. The
developing casques and bills of A. waldeni
and P. p. panini were damaged by the wire
mesh wall and could be a source of
infection. The plastic net was the best
material for the walls, even though it is
more easily damaged, needs periodic
maintenance, and the green colour blurs the
bird inside the aviary for public display
purposes. Landscaping of the interiors of
the aviary with cereza trees, a fast-growing
highly-branched tree that bears 2-cm
diameter, globular, many-seeded berries allyear round, mulberry trees, bananas and
indigenous vines provided a cool forest-like
microclimate. This environment persisted in
the dry season with periodic sprinkling of
water. The birds feed on the cereza fruit and

Except for a few studies done on the
breeding biology of A. waldeni and P. p.
panini in the wild, there is a dearth of
studies done on the life cycles and breeding
behaviour of these species in captivity
(Jennings & Rundell 1976; Buay 1991;
Kemp 1995; Kauth et al. 1998; Klop et al.
1998). To date, the successful breeding of
A. waldeni at M-ICP is the only known
successful captive breeding for this species
and the 22 individuals being held at the MICP is the world’s only captive population.
Most of the birds that were turned
over to the M-ICP between 1995 and 2004
were nestlings poached from the forests of
the Central Panay Mountain Range except
for the three adults of A. waldeni. The
nestlings were hand-reared on a diet
composed of fruits, soaked dog pellets,
occasionally lean carabao meat, and a
premixed vitamin-mineral supplement.
Hand rearing inevitably fostered imprinting
on humans and, to some degree, all founder
stock of both A. waldeni and P. p. panini
are imprinted. The imprinted behaviour
caused some unfounded concern that it
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species will successfully lay, incubate,
brood and fledge young. The age profiles of
the two hornbill species were scrutinized
and the most likely ages at which sexual
maturity was achieved in P. p. panini and A.
waldeni were determined. In P. p. panini,
the average age at first laying was 4.2 + 0.7
years and the age at successful fledging of
their first young was 5.2 + 0.8 years. In A.
waldeni, courtship behaviour was first
displayed at the age of 5 years by both
sexes.
The first laying of P. p. panini at
about four years of age did not translate into
successful incubation, hatching and
fledging, with the females abandoning the
nest box after laying. Successful fledging
did not take place until these birds were
about five years old. The reasons for
postponement of successful incubation and
other events in the breeding were unclear.
Birds are known to postpone reproduction
when faced with uncertainty of food sources
and other threats (Gill 1990). However,
such factors are absent at M-ICP, where
food is adequate and threats are almost zero.
This observation could be better explained
by the inexperience of the males at food
provisioning. In one pair, the female
abandoned the nest box with two eggs she
had laid, probably because the male was not
good at food provisioning. This pair laid
eggs, but did not successfully fledge young
for two consecutive breeding seasons. In A.
waldeni, all five pairs displayed courtship
behaviour associated with breeding in
varying intensities during the 2004 breeding
season. The same pairs displayed courtship
behaviour in the 2005 breeding season, but
only three progressed to sealing the nest
hole and only two fledged young.
As in other Aceros species, fledging
in A. waldeni coincided with the emergence
of the female from the nest box, and the
female assisted the emergence of the chick
from the nest hole when the it was already
well developed. In P. p. panini, the
underdeveloped chicks were left in the nest
box and fed until they are capable of
fledging. Neither the female parent nor the
chicks attempted to reseal the nest hole.

mulberries early in the morning, and later
on the regular rations composed mostly of
fruits-in-season, bananas, papayas, dog
pellets and vitamin-mineral supplements.
Branches with small twigs were placed in
the gaps between branches of trees growing
inside the aviaries and were used by the
birds to clean their bills, especially when
sticky foods, such as hard-boiled eggs, were
ingested. Highly frugivorous diets were
given to both hornbill species, with
supplementation of day-old mice for protein
requirements, and domestic fruits that are
available seasonally were fed to break the
monotony of a captive diet.
The groupings of one-year old
juvenile A. waldeni and P. p. panini was
possible without antagonistic behaviour in
larger flight aviaries. Similarly, mixing of
immature A. waldeni and older males did
not elicit disharmony. Generally, switching
birds from established pairs did not produce
antagonistic behaviour and only highly
imprinted birds showed antagonistic
behaviour towards each other, with P. p.
panini, females being more aggressive.
Once birds were paired, husbandry
changes were made and successful breeding
had occurred, the following information
was documented. The period from full
sealing to first-heard vocalization of a chick
in A. waldeni was 48.0 + 2.8 days and in P.
p. panini, 41.8 + 3.8 days. In A. waldeni,
the age of the chick at first-heard
vocalization was calculated to be about four
days, given that the females laid clutches of
1-2 eggs within the 15-day laying period.
The number of days from the firstheard vocalization to fledging was counted
as 63 days for A. waldeni and 60 days for P.
p. panini. The chicks were estimated to be
67 days old when they fledged in A.
waldeni and 64 days old in P. p. panini.. At
fledging, the chicks have the yellow face
and plumage of the male in A. waldeni,
while in P. p. panini sexual dimorphism
was already evident. The age at which A.
waldeni and P. p. panini reach sexual
maturity, and the factors that contribute to
its onset, are poorly studied in both species.
Little is known about the age at which these
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CONCLUSION
modifications
further
enhanced
reproduction by providing a secure
environment
conducive
to
laying,
incubation and brooding. The data
presented and discussed, particularly on
reproduction, is by no means complete and
needs to be augmented in subsequent
breeding seasons with a structured research
methodology of qualitative and quantitative
data gathering. Equipment such as videomonitoring cameras, that will record
reproductive events inside and outside the
nest box, should be installed to determine
the exact times of laying, incubation,
hatching, brooding and fledging periods.
Knowledge about these events will further
enhance captive breeding management of A.
waldeni, and other Aceros and Penelopides
species, in captivity.

In summary, it is the authors belief that
aviary design, diet, nutrition and nest box
design were the most important factors that
contributed to the successful breeding of A.
waldeni and P. p. panini at M-ICP.
Aviary
design,
dimensions,
materials used in construction, landscaping
and ground maintenance had provided the
support and background for early growth,
development and reproduction of A.
waldeni and P. p. panini. Nutrition and diet
adjustments during the phases of growth
development and reproduction (prebreeding, breeding and post-fledging
periods)
probably
determined
the
physiological and physical maturation
process that ensured reproduction and the
associated
display
behaviour
that
encouraged mate selection, copulation and
rearing of young. Nest box design and
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Plate 1. The circular nest box was enlarged to 1.5 m high and 37 cm inside diameter. Slabs of
mahogany Zwetinia macrophylla tree were glued together to make a hollow circular nest box,
mimicking the natural nest hole in the wild. The increase in height allowed for improved
ventilation and the larger diameter for easy entry and exit movement of the female inside
especially when there are hatchlings. Soft wood with nicks on the surface was attached as lining
of the hard wood surface to allow the female to modify the inner portion of the nest box and to
provide an “escape ladder” for the nest occupants.
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Plate 2. The entrance hole, 11 cm in diameter and 20 cm in height, was made smaller than the
entrance hole of the old nest box, but still allowed the female to fit through.

Plate 3. The edge of the hole were nicked and padded with a soft wood known locally as doldol
(Cisba pentandra) to allow the female to make modifications of her own when sealing. The
distance of the lower end of the entrance hole to the base of the box is 27 cm and the upper end
47 cm. The distance of the peephole from the base of the box is 22 cm. and from the lower end
of the entrance hole is 3 cm. Wood chips and other nest lining, such as dried leaves, were piled
up to the lower end of the peep hole.

319

Plate 4. The newly designed nest box in place in the aviary.

Plate 5. Another modification on the nest box was made by placing a cap, 50 cm in height and
made of wood slabs, over the main nest box body that measured 1 m in height. The cap allows
easy cleaning and repair of the nest box lining during the non-breeding season and preparation
of the nest box prior to breeding.
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Plate 6. The nest box was hoisted up and placed on a platform supported by wooden posts.

Plate 7. Immediately after the nest box was hoisted up in place in late December 2004, the
female Aceros waldeni started visiting the nest box and stayed to place the first layer of sealing
on the entrance of the nest hole inside.
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Plate 8. The male had minimal participation in sealing, mainly on the outside. Once the female
was inside doing preliminary sealing work prior to breeding the male started feeding her.

Plate 9. Reconstructed egg shell of Aceros waldeni laid in captivity and found broken below the
nest, and the remains of a second thin-shelled egg found later in the same place.
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Artificial nest cavities for wild Great Pied Hornbills
Buceros bicornis
Ragupathy KANNAN
Department of Biology, University of Arkansas – Fort Smith, Fort Smith, Arkansas 72913,
United States of America. Email: rkannan@uafortsmith.edu

Kannan, R. 2007. Artificial nest cavities for wild Great Pied Hornbills Buceros bicornis. In: Kemp, A.
C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats For Conservation, p.
323. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, BelaBela, South Africa. Naturalists & Nomads, Pretoria.

A 2-year baseline study on the ecology and conservation of the Great Pied Hornbill Buceros
bicornis in the Anaimalai Hills, Western Ghats of southern India, resulted in quantitative
evidence for the apparent paucity of nest sites for this endangered species. This paper presents
that evidence and discusses the feasibility of installing artificial nest cavities in the wild for this
species. Nest box designs from a few published studies are presented with pros and cons of
each. Problems concerning obtaining research permits and pressure-treated wood, construction
of nest cavities, tree climbing and installation of the cavities, cavity deterioration and
maintenance, and cavity monitoring are also discussed.
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Nest boxes for monitoring the breeding of hornbills
in Senegal
Moussa Sega DIOP*
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ABSTRACT
Diop, M. S. 2007. Nest boxes for monitoring the breeding of hornbills in Senegal. In: Kemp, A. C. &
Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats for Conservation, pp. 324335. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, BelaBela, South Africa. Naturalists & Nomads, Pretoria.
The Bucerotidae usually breed in natural tree holes in Senegal but these are becoming increasingly
rare because of abusive wood cutting. The Experimental Ecological Reserve of Mbour covers 70 ha
and has only four trees left with adequate holes for hornbill breeding. The number of Tockus hornbills
counted on the Reserve over one year of two-monthly censusses was 14 African Grey Hornbill T.
nasutus and 73 Western Red-billed Hornbill T. erythrorhynchus kempi. During the five years of 1991
and 1993-1996, 10-19 nest boxes annually were fixed in trees to compensate for the lack of adequate
holes and to monitor the breeding of T. erythrorhynchus and T. nasutus. In any one year, 50% or more
of the nest boxes were used by hornbills, allowing 43 females and 111 chicks of T. erythrorhynchus
and one female and four chicks of T. nasutus to be monitored inside the sealed nest boxes.
During the laying and incubation periods, the females that sealed inside next boxes moulted all
their rectrices and remiges, and their mass increased considerably, to at least 12 % of the initial mass,
and sometimes even exceeded the male’s mass. After hatching an average of four eggs per nest, and
during chick growth, the mass of the females decreased by 19 % between the fourth and the eighth
weeks after her entry in the nest box, whereas the mass of chicks increased by 23 % between four and
seven weeks after hatching. The breeding success at 43 occupied nests, expressed as the percentage of
chicks fledged from eggs laid, fluctuated annually between 36% and 70 %, whereas the percentage of
eggs that hatched ranged from 67%, to 100 % during the breeding season of 1996. Nest boxes are
excellent tools for the conservation of hornbills that otherwise could be threatened by disappearence of
trees.
*

Author for correspondence: mousediop@yahoo.fr

INTRODUCTION
The world distribution of 54 species of
hornbills extends from sub-saharan Africa,
through India and the islands of the
Malaysian archipelago, to as far east as
New Guinea and the Solomon Islands
(Kemp 1995). In Senegal, six species of
hornbill can be found (Morel & Morel
1990; Barlow & Watcher 1997) and they
are entirely protected so that people are not
allowed to hunt them, take their eggs or
catch the birds (Senegalese hunting code,
Anonymous 1986). The most common

species are Western Red-billed Hornbill
Tockus erythrorhynchus kempi and African
Grey Hornbill Tockus nasutus (Serle &
Morel 1988; Morel & Morel 1990; Barlow
& Watcher 1997). Both species breed in
holes in trees at the Ecological Reserve of
Mbour (Diop & Tréca 1997), although T.
erythrorhynchus is more abundant than T.
nasutus (Diop 1999). My intention was to
investigate the use of nest boxes in an
environment where suitable natural sites
were limited, and also to understand better
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the breeding behaviour, particularly what
happens inside the nest. Since the nest
contents in natural cavities can not be
observed after the female seals the

entrance, nest boxes with a movable roof
were fixed on trees so that observations on
female behaviour and breeding success
were possible.

METHODS
The study occurred in the 70 ha
Experimental Reserve in Mbour, Senegal
(14o 23’ N; 16o 58’ W), during the
breeding seasons of 1991 and 1993-1996.
Each year, 10 to 19 boxes of different sizes
were fixed on trees (Table 1, Fig. 1). The

exterior of the boxes was painted green for
protection of the wood against humidity
(Diop & Tréca 1993). Considering the low
numbers of T. nasutus in the reserve, most
data were collected on T. erythrorhynchus.

55
10
45

19.5
20

Figure 1. The design, and dimensions in cm, for most of the nest boxes used by Tockus
species at Mbour, Senegal.
The boxes were fixed at heights of
2.7-6.0 m above ground level and the
orientation of nest entrances was random
(Table 1). Each year, after the breeding
season, all nest boxes were removed and
all material in the boxes cleaned out. The
cleaned boxes were re-attached to the trees
during April-May, two months before
hornbills started to visit holes in trees or
nest boxes.
After entry of the female, nest
boxes were visited weekly to record data

on the contents of the nest, such as the
female’s mass, and the number of eggs and
chicks. During the breeding season of
1991, three nest boxes were followed daily
to obtain more details, such as the interval
between successive laying of eggs and
hatching of chicks, and the duration of
incubation.
For calculation of occupation, four
values were attributed: 1) there was no nest
boxes fixed on the tree, 2) a nest box was
fixed on the tree but not occupied, 3) a nest
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box was occupied but deserted before the
end of the breeding process, and 4) a nest

box was occupied by a female Tockus until
the end of the breeding process.

Table 1. Characteristics of artificial nest boxes and natural holes (*) in trees used for nesting
by Tockus hornbill species at Mbour, Senegal during 1991-1996.
Code of nest Entrance orientation
Height of
Dimensions of nest boxes (cm)
box or
entrance Length Width Height Height Diameter
*natural
above ground
(short
(tall
of nest
tree hole
(m)
side)
side) entrance
A
B
C
D
E
F
G
H
I
J
K*
L*
L
M
N
O
P
Q
R
S
T
U

E
SE
W (1993, E (1994)
NE
E
SW
W
N
N
W
W
SE
E
SE
WNW
W
NNW
WSW
WNW
W
SSE
WSW

3.43
3.53
2.70
3.80
4.15
3.00
4.00
3.40
3.30
3.00
6.00
3.20
3.20
3.00
3.15
3.15
3.00
3.65
3.50
3.50
3.65
3.40

20.5
16.5
20.0
20.5
25.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

20.5
15.0
20.0
20.5
22.0
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5

25.5
21.0
26.0
25.5
37.5
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0

34.0
31.0
33.0
34.0
41.5
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0

5
7
5
5
9
10
10
10
10
10
6
10
10
10
10
10
10
10
10
10
10

RESULTS
All suitable nest holes in trees were
occupied each year. During 1991 and
1993-1996, the number of nest boxes fixed
on trees was 10, 18, 19, 18 and 15,
respectively. During that time, only one
hole in a tree and one nest box was
occupied by T. nasutus.

OCCUPATION

OF NESTS
ERYTHRORHYNCHUS

BY

The number of nest boxes that were
effectively occupied by a female of T.
erythrorhynchus during the whole breeding
process fluctuated annually between 56%
in 1993 and 61% in 1995 (Fig. 2). The
rarity of adequate natural holes in trees
explained the occupation success of nest
boxes.
It was important to examine
possible reasons for the choice of nest site

TOCKUS
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by T. erythrorhynchus. The choice might
have been correlated with the height of the
nest box above the ground, orientation of
the nest entrance, entrance diameter, nest
box size or rainfall, but regression analysis
showed no correlations, even for the
diameter of nest entrance (R² = 0.0029),

although Nest C, with the smallest entrance
diameter, had the most frequent occupation
while Nest S, with the largest entrance
diameter, had the lowest rate of
occupation.

62
61
61
60

60

Occupation success (%)

60
59
58
58
57
56

56

55
54
53
52
1991 (n=10)

1993 (n=18)

1994 (n=19)

1995 (n=18)

1996 (n=15)

Years

Figure 2. Annual occupation success of nest boxes by Tockus erythrorhynchus for the
complete breeding cycle (n = number of nest boxes fixed on trees)
The entrance orientation of nest
boxes that were occupied at least once by
Tockus were N, NE, E, SE, SSE, SW,
WSW, W and WNW. Two nest boxes, A
and B, that were never occupied had the
same orientation as box E and tree hole L*
that were each occupied during two
seasons.
Of 20 individually marked females,
ten were recorded breeding in the same
nest box in only one year, three in two
years, six in three years, and one bird bred
in the same box during five years, four of
which were in succession (1993-1996).
Only female FT43659, which occupied
box H in 1991 and box P for two
successive years (1993-1994), used
different boxes.

beginning of nest entrance closure with
mud. During the period when the females
were sealed into the nest, particularly
during laying, incubation and hatching, the
females moulted their flight feathers
(rectrices and remiges). Regrowth of these
feathers was complete before the females
emerged from the nest, on average 54 days
after their entrance (range 46-57 days, Fig.
3). This excludes the unusually long 70day confinement of female FT35019 that
was due to her male disappearing after the
four eggs were laid. At this time, the
female had lost all flight feathers and was
obliged to stay in the nest until all her
feathers had regrown after 70 days of
confinement. During at least the last16
days, the female was not fed, her mass
decreased to 120 g, and the four eggs she
was incubating disappeared, probably
eaten by her.
The number of days of the female’s
confinement fluctuated according to the
breeding season, even for the same female
(Fig. 3).

BREEDING
Females sealing in and their moult
At a nest monitored daily, the female
sealed herself into the nest about 39 days
after beginning to transport nesting
material, and 20-24 days after the
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Figure 3. Number of days spent by individual females in 18 different nest boxes.
Egg-laying and incubation for Tockus
erythrorhynchus
Laying of the first egg occurred 5-9 days
after the female’s entrance and sealing into
the nest. From daily examination of nest
boxes, eggs were laid at intervals of 48 or
72 hours. The number of eggs laid per nest
was 2-6, and the mean clutch size was 4.36
± S. D. 0.93 for 42 nest boxes visited. In
1996, the size of the eggs was measured at

nine nest boxes (Table 2). Eggs were
incubated for an average of almost 25 days
(Table 3) and later hatched at the same
intervals of 2-3 days at which they were
laid.

Hatching and breeding success
The number of nest boxes occupied, eggs
laid and chicks fledged differed from year
to year (Fig. 4).

Table 2. Clutch size and measurements of eggs in each clutch of Tockus erythrorhynchus laid
in nine nest boxes during the 1996 breeding season.
Nest code Clutch
size
C
5
D
5
F
4
G
4
I
5
M
3
N
3
R
4
V
3
Overall
mean egg
sizes

Mean
35.1
36.7
33.0
35.5
35.4
33.7
33.3
33.9
34.3
34.7

Long axis (mm)
Min
Max
34.5
36.0
35.0
38.0
32.0
34.0
34.0
36.0
34.5
36.5
33.0
34.5
33.0
34.0
33.5
34.0
33.5
35.0
32.0
38.0

S.D.
0.55
1.10
0.82
1.00
0.82
0.76
0.58
0.25
0.76
1.37

Short axis (mm)
Mean Min Max S.D.
25.7 25.0 26.0 0.45
24.2 23.5 24.5 0.46
23.9 23.0 24.5 0.63
24.8 24.0 25.5 0.66
24.3 23.5 25.0 0.67
25.0 25.0 25.0 0.00
24.5 24.0 25.0 0.50
24.8 24.0 25.0 0.50
23.8 23.5 24.0 0.29
24.6 23.0 26.0 0.74

Table 3. Number of days for Tockus erythrorhynchus females in three nest boxes between
sealing in, laying the first and subsequent eggs, and duration of incubation for each egg.
Sealing/ laying/ hatching intervals
(days)
Sealing in-laying 1st egg
Laying 1st - 2nd eggs
Laying 2nd - 3rd eggs
Laying 3rd - 4th eggs
Number of eggs in clutch
Laying 1st egg –hatching1st chick
Laying 2nd egg – hatching 2nd chick
Laying 3rd egg – hatching 3rd chick
Laying 4th egg – hatching 4th chick
Laying 5th egg – hatching 5th chick

Nest box code
C
D
E
7
5
9
3
2
3
2
3
2
3
2
5
4
25 25
25
25
25
25
24
25
24
-
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80

70

70
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40
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35
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20
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15
20
10
10
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0
1991 (n=7)

1993 (n=7)

1994 (n=10)

1995 (n=10)

1996 (n=9)

Years
Eggs

Chicks

Breeding success

Figure 4. Annual breeding success as the percentage of chicks fledging from the eggs laid (n
= number of sealed females considered).

The lowest breeding success of
chicks fledged from eggs laid occurred in
1993, with 36%, and the highest success
was observed in 1995, with 70%. However
the maximum number of chicks emerging

from the nest was four, even in nests where
the number of hatched eggs was six,
making it important to known the hatching
success, done only during the breeding
1996 season in nine nest boxes (Table 4).

Breeding success (%)

Number of eggs or chicks

45

Table 4. Details of breeding parameters for Tockus erythrorhynchus from different nest boxes
during the 1996 breeding season.
Breeding parameters
Number of eggs in clutch
Number of infertile eggs
Number of eggs hatched
*Hatching success
Chicks dying after hatching
Number of chicks leaving nest
**Breeding success

C D
5 5
1 1
4 4
80 80
1 1
3 3
60 60

Nest box code
Total Mean
F G V I M N R
4 4 3 5 3 3 4
36
4.0
0 0 0 0 1 0 1
4
0.4
4 0 3 5 2 3 3
28
3.1
100 0 100 100 67 100 75 78
78
2 0 0 1 0 0 0
5
0.6
2 0 3 4 2 3 3
23
2.6
50 0 100 80 67 100 75 64
64

* Hatching success is the percentage of eggs that hatched from those that were laid.
** Breeding success is the percentage of chicks fledged from the number of eggs laid.

during Weeks 4-5. During the whole sealed
period, the masses of females in the nest
were higher than the mean mass of nonbreeding adult females, a T-test showed
significant differences during weeks 2, 3,
4, 5 and 6, but not during the last Weeks 8
and 9.
After the eggs had hatched in Week
6, the mass of sealed females decreased
progressively until they left the nest boxes.

Body mass of sealed female
During the period when sealed into the
nest, the mass of the female fluctuated
(Fig. 5). The mean mass of sealed females
was highest between Weeks 4-5 after the
female entered in the nest. According to a
dependant T-test, there is no significant
difference between the average mass of
male adults and the mass fluctuation of
sealed females (P>0,0001), which was
higher than the mean mass of adults males
210
200
190

Weight (g)

180
170
160
150
140
130
Eggs hatching
120
110
W2 (n=17)

W3 (n=18)

W4 (n=18)

W5 (n=18)

W6 (n=19)

W7 (n=18)

W8 (n=13)

W9 (n=1)

Sealing periods in w eeks

Weight of sealed females
Average of males weight (n=43)

Average females weight (n=31)

Figure 5. Mean and standard deviation bar of body mass for sealed-in breeding females,
taken at weekly intervals, compared to mean masses of adult males and females caught out of
the breeding season.
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FLUCTUATION

OF CHICK MASS IN THE

NEST

The mean mass of chicks increased rapidly
during the first five weeks, by about
eightfold, from 20g to 160g (Fig. 6). Then
the mass decreased progressively until the
chicks left the nest boxes in Week 8. This
decrease in mean mass was because the

last-hatched chicks were less strong, and so
did not receive most of the food from the
parents because of competition from their
elder siblings. During Weeks 5 and 6, the
mean mass of chicks was higher than that
of non-breeding adult females but still less
than adult males (Fig. 6).
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W8 (n = 1)

Age in weeks

Average weight of chicks

Average weight of males (n=43)

Average weight of females (n=31)

Figure 6. Mean and standard deviation bar of body mass for all chicks combined of Tockus
erythrorhynchus from 33 nest boxes, compared to mean masses of adult males and females
caught out of the breeding season.

OCCUPATION

OF

NEST

BY

TOCKUS

NASUTUS

I observed only one female of T.
nasutus that occupied a nest box during the
1996 season. The same nest box was
occuped previously during three successive
years (1993-1995) by one female T.
erythrorhynchus (FT43672). On 12 July
1996 there were four eggs, measuring on
their long axis 35, 36, 37 and 37.5 mm
while their short axis was 27 mm for all
eggs. After the eggs hatched, fluctations in
the chick’s masses were determinated (Fig.
7). The mass of the two eldest chicks
increased rapidly during the first three
weeks until, after Week 4, they became
heavier than the mean mass of nonbreeding adult females and, by Week 7,

just before their leaving, the mass was
close to the mean mass of adult males.
However the mass increase of the third
chick was slower, and the fourth chick, the
youngest, survived only one week.
Thirteen days after the last egg
hatched, the female had regrown all flight
feathers after her moult and then left the
nest. Even though the female participated
in territorial defense after leaving the nest,
the main activity of feeding the chicks
remained the male’s. The eldest chick left
the nest 44 days after hatching, while the
two younger chicks left after 47 and 53
days, respectively (Table 5).
The mass of the sealed female
declined steadily from 240 g in Week 1 to
180 g in Week 6. During the first week, the

female’s mass was higher than the mean of
adult males, but after Week 2 it was less
and thereafter it decreased progressively

until becoming less than the mean mass of
adult
females
during
Week
6.
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Figure 7. Fluctuation in body mass of four individual Tockus nasutus chicks in the same nest.

Table 5. Duration in days of different events in a nest box occupated by Tockus nasutus
Events in nest box
Female sealed in duration
Female left – 1st chick left
Female left – 2nd chick left
Female left –3th chick left
1st chick hatched – 1st chick fledged
2nd chick hatched - 2nd chick fledged
3rd chick hatched - 3th chick fledged
4th chick hatched - 4th chick fledged
1st chick fledged – 3rd chick fledged
Female sealed in – 1st chick fledged
Female sealed in – 3th chick fledged

Number of days
35 (at least)
26
31
39
44
47
53
Died after 1 week
14
61 (at least)
74 (at least)

The rectrices started regrowing first
and continued until the female flew out of
the nest about 50 days after the first egg
was laid. In females where the feathers had
not grow enough, they could not leave the
nest. For example, female FT35019, that
spent 16 days more in the nest than the
mean of 54 days, suffered a deficiency in
feather growth due by underfeeding after
her mate had disappeared.

MOULT OF CONFINED FEMALES
During confinement, T. erythrorhynchus
females moulted their main flight feathers.
The duration of feather drop was very
short, starting with the rectrices,
particulary the median ones, at about 5
days after laying of the first egg. Moult of
the remiges started only about 15 days
after laying of the first egg and ended
about 25 days after.
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DISCUSSION
preparation for laying. However the factor
of egg size does not seem to determine
body mass because the mass still increases
after the eggs are laid. The energy factor
seems more of a determinant because, with
the sealed in female’s settled way of life in
the nest, the quality of food brought by
male will have an important contribution to
increases in female mass. My results for T.
erythrorhynchus and T. nasutus are similar
to Kemp (1995) on T. monteiri, where the
female’s mass increased during the
incubation period and decreased by when
the female leaves the nest.
After hatching there is direct or
indirect competition for food between the
sealed female and the chicks. To facilitate
fast growth of chicks in the nest, the
female might voluntarily renounce food
brought by the male and use mainly her
reserves. After leaving the nest, the female
assists the male in feeding the chicks (Diop
& Tréca 1996).

CHARACTERISTICS OF NESTS
There
is
evidently
interspecific
competition in the search for nest holes if
their numbers are limited (Franzreb 1997),
and so nest boxes fixed in trees can
contribute to increasing suitable holes for
Tockus breeding. Kemp & Begg (1996)
recommend the use of nest boxes in South
Africa, for conservation of wild hornbills
both inside and outside protected areas. In
Mbour Reserve, Senegal, the frequent
occupation and success of nest boxes
showed the difficulties for Tockus hornbills
to find natural suitable holes. With only
four natural cavities remaining, nest boxes
provided an additional 7-10 breeding sites
per year, with nest box occupation by
female Tockus erythrorhynchus of 56-61%
over five years.
Concerning height of the nest,
Kemp and Kemp (1972) showed that for
Monteiro’s Hornbill Tockus monteiri in
Namibia, the height of the nest can be from
0.2 m to 39 m. Kemp (1976) recorded
natural
holes
occupied
by
T.
erythrorhynchus and T. nasutus in South
Africa to vary in height from 0.3-9.0 m and
0.7-9.0 m above the ground respectively.
In Dakar, Senegal, there was a natural nest
of T. erythrorhynchus at ground level
(Diop 1993), so occupation of nests by
Tockus is not correlated to the height of the
nest.
In Indonesia, Kinnaird and O’Brien
(1999) showed that nest entrance
orientation does not influence the choice of
cavity by Red-knobbed Hornbill Aceros
cassidix. In Mbour, Senegal, we got the
same results for T. erythrorhynchus. My
observations show that the choice of the
nest by Tockus is not correlated to the
height of nest above the ground or the size
and orientation of the nest entrance.

FEMALE MOULT
One of the particularities of Tockus
breeding is that the female quickly loses
her flight feathers once she is entirely
sealed into the nest (North 1942; Diop
1993; Kemp 1995). It is a simultaneous
moult, because all the feathers grow out
again at almost the same level (Kemp
1976). The duration of feather moult was
so short that I could not establish the exact
order of feather drop, but in all females
observed this phenomenon starts with the
median rectrices. The confinement of the
female is determined by the moult, because
T.
we
observed
two
female
erythrorhynchus that left the nest after
moulting their two median rectrices and so
suspended the moult process. The
simultaneous moult is normally without
risk, because the female is well protected
in the nest with its sealed entrance, is fed
by the male, and has the advantage of new
feathers when she leaves the nest. This
compared to some ducks (Mallard Anas
platyrhynchos, Pintail Anas acuta,
Baldpate
Anas
americana)
whose

SEALED IN FEMALES
Two factors, egg size and energy reserves,
might determine the increase in female
body mass during nesting. Kemp (1995)
showed that during this period the ovaries,
oviduct and size of egg glands increased in
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similtaneous moult exposes females to
predators (Dorst 1995). In all cases, Tockus
females have to regrow all their feathers
before leaving the nest, by about 46 days
after the first egg is laid (Kemp 1976).
Confinement of female Tockus is

determined by the simultaneous flight
feather moult and, although the nest
entrance is sealed to protect against
predators, the main problem occurs when
the male stops feeding the female sealed
inside the nest.

CONCLUSIONS
Because of the rarity of holes at the
Experimental Ecological Reserve of
Mbour, competition to get a suitable hole
for breeding is high. A mate that found a
nest guarded it and tried to occupy it in the
next breeding season, so success in
occupation of nest boxes is important. The
same nest box can also be used
successively by T. nasutus and T.
erytrhorhynchus during the same breeding
season. Since the main limiting factor to
breeding is a suitable hole, nest boxes are a
good substitution for a natural hole.

Futhermore, they provide more data on
female and chicks in the nest, even while
they contribute to increasing the
population. The mass of the confined
female increased because she was
sedentary and received ample food from
the male, and she also had enough energy
for
moulting
all
flight
feathers
simultaneously. However, after the eggs
hatch, the female’s mass decreases
whereas that of the chicks increases
rapidly.
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Notes on the first captive breeding attempt of Sri
Lankan Grey Hornbill Ocyceros gingalensis in Sri
Lanka
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Ginige, P. 2007. Notes on the first captive breeding attempt of Sri Lankan Grey Hornbill Ocyceros
gingalensis in Sri Lanka. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills
and their Habitats For Conservation, p. 336. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

The Sri Lankan Grey Hornbill Ocyceros gingalensis is an endemic species to Sri Lanka. There
have been no studies on captive breeding of this little known species. Captive breeding on this
species was attempted in an aviary at the National Zoological Gardens, Dehiwala, Sri Lanka.
Three chicks had been collected from the wild in 2001, from Theldeniya, Sri Lanka, when they
were nestlings of about 1-2 weeks old. They were kept in the incubator for a further month and
fed with various fruits, such as papaya, banana, pineapple and mangoes. The birds grew up in
captivity with a sex composition of two females and a male. The three birds were then
transferred to an aviary after two months in captivity, their enclosure measuring 4 m x 3 m x 4
m (h,w,d) with natural landscaping.
During early March 2005, it was observed that the male and a female had paired and
were chasing out the other female. The other female was transferred to another aviary, and only
the pair was kept in the original aviary. A portion of Cariota urens (Palmae) tree trunk, with a
woodpecker-dug nest hole, was set-up inside the aviary. On 27 March the male and female
started entering the nest cavity and cleaning it up. As soon as the female started sealing herself
into the nest cavity, with debris collected from the surroundings, additional natural clay was
supplied to the nest. After four days the female was fully enclosed in her cavity and soon the
male started feeding her with fruits supplied to the aviary. It was not possible to observe the
inside of the nest cavity, as there was no provision made for this facility. The clutch size was
unknown for this reason. After about 38 days, the cry of one chick was heard and the male
continued to feed both female and the chick. Additional protein requirements were supplied to
the nest.
On the 47th day of nesting, it was observed that the male was not feeding the female,
and apparently there was no ‘yelling’ from the chick for food. The keeper observed the nest
cavity from the top opening and observed that the female was in a very feeble condition, with
no sign of the presence of a chick. It was decided to break open the nest and rescue the female.
The nest was opened from the bottom, the female was removed, and a few days later the female
was fully recovered. The possible causes for breeding failure have been evaluated and
corrective measures have been proposed to improve the breeding environment.
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Functional significance of air bags in hornbill
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Downs, C., Brown, M. & Boix-Hinzen, C. 2007. Functional significance of air bags in hornbill
nestlings. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats
For Conservation, p. 337. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula
Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

This study describes and investigates the function of air bags in Monteiro’s Hornbill Tockus
monteiri nestlings. Nestlings were found to have air bags present that increased in size with the
age and mass of the nestlings until 14 days of age, and that varied in size and volume within a
single day depending on the ambient temperature. By 20 days of age, air bags were absent.
Histological examination of air bags showed that they were typical skin structures composed of
an outer epidermis and an inner dermis. The air bag was not connected to the respiratory
system. The Tb of Monteiro’s Hornbill nestlings increased significantly with increased age.
Comparisons were made of chick cloacal temperature, ambient temperature, nest temperature
and female cloacal temperature. Female body temperature was higher than ambient and nest
temperatures. It is suggested that the air bag evolved primarily as an insulatory response that
had thermoregulatory benefits. Alternative hypotheses are also discussed.
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An introduction to Blue Lagoon Sanctuary and its
methods for repetitive reproduction in hornbills.
Jason BECK*
Blue Lagoon Sanctuary - The Hornbill Sanctum, 1595 R Road, Central City, NE 68826, United
States of America.

ABSTRACT
Beck, J. 2007. An introduction to Blue Lagoon Sanctuary and its methods for repetitive reproduction in
hornbills. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats
for Conservation, pp. 340-345. CD-ROM Proceedings of the 4th International Hornbill Conference,
Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
This brief composition introduces the history, labours, and goals of the Blue Lagoon Sanctuary and the
development of its ‘Hornbill Sanctum’ - it’s possibilities and future plans. I also introduce our ‘Hope for
Hornbills’ awareness promotion, evoking feedback and possible large-scale goals for our combined
efforts. A summary of the microenvironment, stimuli, methodology and observations presents the
husbandry detail for inducing repetitive nesting within interior enclosures in the harsh and temperate
mid-western United States. Simplistic, yet logical influences were used to propagate and maintain
family units and socially bonded groups of Tockus species and the Piping Hornbill Ceratogymna
fisutlator. Ten combined factors have proven to facilitate repetitious breeding success in these captive
hornbills.
*Author for correspondence: bluelagoon@cconline.net

INTRODUCTION
Looking back, I would like to paint a
picture of where my love for Hornbills in
this journey we call Life began:
“Snowflakes fell silently against
the setting sun as it disappeared beyond the
icy, barren and cold Nebraska plains. This
10 year old, along with his brothers and
sisters, sat eagerly anticipating the coming
7:00 pm televised nature program, Mutual
of Omaha’s ‘Wild Kingdom’. The
adventures of each visual journey were
dreams to the humble ranch farm family.
This particular episode highlighted the
strange breeding and biology of largebilled cavity nesting birds, using mud to
seal nests and also flying magnificently
over the treetops in search of food for
hungry nestlings. What an amazing bird! A
creature so unlike the geese, chickens,

turkeys, and peafowl that followed us around
the farm, and unique apart from the wild
pheasants, quail, cowbirds, and sparrows that
we commonly saw.”
Since that cold winter evening 20
years ago, I have been enthralled by
hornbills and never really believed that I
would actually be nurturing them, see them
free-flying in the wilds of Africa, at last, or
be in your presence to present my thoughts
to you.
I have been raising animals since I
was a boy and had been devoted to
waterfowl, exotic game, and farm-run
poultry. I learned the heirloom and oldtimers means of incubating, brooding,
breeding and understanding for nearly all
types of domestic and common species of
avicultural fowl. What I learned over the
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small-scale construction of the ‘Hornbill
Sanctum’.
From the other side of the globe, I
approach the conference from a different
background. When you have witnessed
thousands of creatures coming out of
quarantine facilities from across the seas,
stressed, sick and dying, you too would look
at your conservation and zoological efforts
in a different light. The pet trade is depleting
our biological resources faster than you
think. Many times I have personally
witnessed hundreds of crates stuffed with
birds, with finches, starlings, songbirds,
crows, hornbills, and others crammed into
mouldy, faeces-laden, inhumane crates and
shipped around the globe. I have been to the
point where I have seen hundreds of African
birds lying dead from stress, heat, starvation,
and disruptive infections. For me, there has
never been anything more horrific than the
tragedy of seeing 100+ birds crammed into a
suburban automobile, along with shoeboxes
full of reptiles, primates, and small
marsupials, all being hauled off for peddling.
The details and demands for exotic animals
and taxidermy is completely another lecture,
but the horror of the pet trade and 20 years
of monitoring pet trends, importer
availability, wholesale suppliers, quarantine
records and other information will shock
you.
From the standpoint of a biologist
and aviculturist in another country, I remind
you
that
statistics,
environmental
conservation and observations in the field
may not be good enough or soon enough.
There must be action, governmental
evaluation and investigation to stop these
trends. More physical action is necessary.
Regardless of views regarding ‘caged birds’,
it is imperative that our community also
utilizes
professional
conservatory
aviculturists that can truly monitor, sustain,
propagate, methodically research and care
for species that are trafficked beyond
zoological institutions, animal parks and
collections.

seasons from this passionate hobby became
the guide, foundation if you will, for the
husbandry of many species. Now housing,
propagating, and caring for over 50 species
of non-indigenous birds, mammals and
heirloom fowl, the Blue Lagoon Sanctuary
has evolved as a non-profit, private,
family-run center that hosts creatures from
the tiny Zosterops to the bold Trumpeter
Swan. It is passionately committed to
offering hope, habitat and husbandry
exclusively for the hornbills and many
other African species that we are able to
deliver from the misery of the caged ‘pet
trade’ as we know it.
Unfortunately, grouped together
and mislabeled as ‘softbills’ in common
aviculture, these species became my
determined focus and modules were moved
onto the property to house, quarantine, and
rehabilitate the species that I was able to
locate and take in. I never imagined that I
would run across hornbills in Nebraska horrifically and miserably neglected in
small canary cages at a bird auction; a
jobber from the south was trying to make a
buck and traveling north to various bird
auctions. This ‘misery of the caged’ was
more than I could bear and I figured that if
this ‘captivity-existing evil’, although often
necessary, knocked at my door then I could
offer some hope for the many creatures
that would simple fade into the misery of
the exotic pet trade or exist as ‘ghosts of
the wild’, lifeless and depressed in
someone’s ‘collection’. In 2002 we were
able finally to get Internet access and, after
running advertisements and researching via
the Internet, I realized that I was not the
only one passionate about hornbills. I was
directed
to
Christine
Sheppard’s
‘Worldwide Hornbill Network’, Dr Pilai
Poonswad’s
‘Hornbill
Research
Foundation’, and Alan and Meg Kemp,
from where I immediately gleaned
referrals, ideas and knowledge as the first
pairs of depressed creatures fell into my
hands. This new compassion created the
careful contemplation, planning, and
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As I have travelled the information
highway that we know as the Internet, I
have run across many of your names, find
each of you invaluable and cannot express
my sincere thanks for your commitment to
the knowledge and understanding of
hornbills. It is in uniting that a species is
saved. I regret that I have not been able to
spend as many hours, days, weeks, and
years as many of you have in gaining your

understanding and research of all the
Bucerotiformes. A degree in biology and 20
years of aviculture and professional animal
husbandry have given me a sound
background in the husbandry and captivebreeding biology of many species. I am
committed to the passionate understanding,
care and research of hornbills in captivity, in
habitats,
and
in
preservation
and
conservation management.

DEVELOPMENT OF BLUE LAGOON SANCTUARY
In the first years of planning the flight
cages and housing for the grouping of
Tockus species, we had intended to
construct interior and exterior flights, the
later to be closed for the six months of
winter. The unpredictable and drastically
changing weather of spring and summer
put a stop to our intended plans. Days
would soar to the 27o C (80o F) mark and
then severe thunderstorms would pound
through on cold weather fronts and drop
our temperature to 4o C (40o F). Nestled in
the middle of Tornado Alley in the USA,
the outside flights were no safe match for
baseball-sized hail, 160 km/hr (100
mile/hr) winds, dust bowls, downpours of
up to 280 mm (11 in) in an evening, and
the dangerous ground-to-cloud lightening
of the plains. Winter storms would catch us
off guard as early as October and as late as
April. So, at present, until the planned
Hornbill Sanctum is finished, smaller
flights were implemented with suitable
interior habitat. The natural-log nest boxes
were placed to the back of flights, partially
secluded by suitable freshly cut branches
and leafy shrub growth.

Although not completely finished
with interior modifications to the simple
farm structures that would temporarily house
a few pairs, a friend called and insisted that
we “jump in” on an imported shipment of
which he was aware. As the next weeks
passed, 12 more pairs were ‘saved’ from the
exotic animal auctions and came to us
almost featherless, completely flightless,
starved, and crammed in shipping crates
along with jacanas, crows, rollers, barbets
and plovers. Originally aware of only the
hornbills, at the sight of this tragedy, I spent
US$ 20,000 over my personal budget to
‘rescue’ what birds I could. All but 15 birds
were extricated as I had no extra cash and
had spent all my savings. Since then, I have
managed only a few times to extricate other
scared, neglected and despaired creatures
from various ‘vendors’, as health
complications in the last two years have
prevented me from personally financing any
further purchases. So the initial nightmare
that started to burden my spirits with the
misery of these scared and sacred creatures
induced the birth as well of the Hornbill
Sanctum at Blue Lagoon Sanctuary.

TECHNIQUES OF HORNBILL REPRODUCTIVE MANAGEMENT
Although Tockus species are not
‘rare’ hornbills and sometimes reproduce
very easily in captivity, I questioned if and
how they might re-clutch seasonally in
controlled photoperiodic environments,

like the whistling ducks, American
migratory waterfowl, canaries or finches that
I had worked with in the past. I present no
amazing discoveries or intense scientific
data, rather a summary of 10 presently340

utilized factors and methodologies that we
have personally and successfully adopted
as the small scale micro-environmental
combinations vital to captive breeding
strategies for hornbills in the temperate
mid-western United States.

Once pairs have been introduced to
the main flight, I put them on a completely
natural diet and this also coincides with
courtship display and interest in the nest box.
This observation-based diet often, in my
experience, initiates the breeding cycle diet.
To promote a pair’s vigor and breeding, an
‘abundance-cycle’ diet is offered that will
initiate display, food sharing, and claiming
of territory. Mealworms, pinky mice,
chopped chicken, chopped frozen rat, whole
boiled egg, fortified low-iron pellets, fresh
fruits, chopped greens and a scavenging
medium (generally ground corn or game bird
starter) are provided fresh daily. Offerings of
fresh live food are sprinkled with vitamin
powder and avian gut flora. Mealworms and
cage-bred mice have their guts loaded with
high protein pet chow and/or game bird
starter. Whole quail eggs, June beetles and
dandelion are additional treats offered on
seasonal availability. Once a hen has been
sealed for the duration until hatching,
mealworms are slowly omitted and peeled
boiled eggs, soaked pellets and fine chopped
mice are increased. Once the chicks are
approximately 3 weeks old, greens, larger
chunks of fruit, and a few mealworms are
slowly added again to the family’s diet,
reaching a maximum by the chicks’
emergence. Steadily increasing live food
offerings at this late stage in the breeding
cycle stimulates laying of a second clutch
once the previous juveniles have become
independent.
In my experiences, I have left the
first brood as part of a bonded functioning
family unit until the week of sealing for the
second brood is completed. Later, the
emergence of the second brood has, in the
last two seasons, triggered jealous sibling
aggression from older siblings and
stimulated aggression between families in
adjoining flights. Juveniles from earlier
broods are moved to flights next to their
parents, from where they maintain
functioning roles in the mysterious social
order and in communication. Chicks from
second broods of von der Decken’s T.

METHODS
Paired birds were introduced to their
specifically-prepared
and
permanent
abodes following a 45-day quarantine
period in an observation and stabilization
module, where diet preferences are
evaluated and unique species needs are
monitored. Nearly all pairs of hornbills
delivered from the caged ‘pet trade’ exhibit
and communicate extreme elation in the
spacious flights, privacy and claiming of
the well-lit trunks at the rear of the flights.
These nest trunks are naturally hollowed,
1-m (3 feet) long sections of cottonwood,
about 25 cm (1 foot) in diameter, with
walls about 75 mm (3 inches) thick, and
removable plates top and bottom. The thick
sidewalls provide a suitable foundation for
mudding and the thick shell allows for
some internal excavation.
Lights in the Hornbill Hub come on
at 07:30 hrs and switch off at 23:30 hrs.
Each pair is provided with a basking heat
lamp year round for temperature regulation
and preening. In summer months the lamps
come on only during daylight hours, but as
external temperatures fall the lamps remain
on throughout the night to prevent major
chills. The Hub’s daytime temperature is
kept at 21-27o C (70-80o F) and nighttime
at 15-21o C (60-70o F). A humidifier and
the natural Nebraska moisture keep the
relative humidity at around 70%, and
circulating fans and a fresh-air pump run
year-round. During December through
March, the heat from a wood stove is used
as a heat backup and is tended constantly
when external temperatures fall well below
zero. Back-up propane heaters and a
generator are on standby should ice storms,
blizzards, or heavy sleet take out the power
supply.
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deckeni and Red-billed Hornbill T.
erythrorhynchus were 28-56 g (1-2oz)
lower in average body mass at nine weeks
after emergence, and six pairs of both
species, nesting side by side, each reared a
‘runt’ in their second brood. In a line of
flights housing eight pairs of African Grey
T. nasutus, Crowned T. alboterminatus,
von der Decken’s, Red-billed, and Piping
Hornbill Ceratogymna fistulator, four
recycled for a second brood in 2004 and in
2005 have started a similar pattern, only
later in the year. Over the last three years,
the initial nesting period began in late
October and, once all chicks were
removed, the parents maintained and
renovated their nests for months.
During daily maintenance, all of
the building’s inhabitants are used to the
strict routine of lights on in the early
morning at 07:30 hrs, feeding, quiet, 16:00
hrs checkup, 23:00 hrs walk through and
retrieval of food dishes, and 23:30 hrs
lights out. Every other Monday, from noon
to 16:00 hrs, bedding substrates are
changed, food stations cleaned and
sanitized, and fresh branches and
enrichments added. No other disturbances
take place and a simple observation
window is utilized from outside each
building
to
monitor
behaviour
uninterrupted. Methodical movements and
caretaking surely promote the trust and
comfort of all housed species. Bland attire,
constant soothing speech, minimal net use,

and intense eye contact are personal rules I
follow with all creatures. Soft music and
recordings of running water play continually
to maintain atmospheric serenity. I am
greeted ultimately very enthusiastically each
morning, as the lights go on, with clucks,
whistles, chatters and cusses that erupt from
the host of mixed species. My mother and
fellow assistant is the only other human
caretaker who has likewise earned the trust
of all the creatures.
HUSBANDRY CONCLUSIONS
The factors that contribute to the nesting
cycles and successes for species in an area of
external environmental extremes are a stable
but simple microenvironment. In each of my
three avian Hubs, the same factors have
proven successful in repetitive nesting of
over 20 species, from Lilac-breasted Rollers
Coracias caudata to Superb Starlings
Lamprotornis superba. The 10 factors we
follow are:
1. Steady temperature cycle
2. Constant humidity maintenance.
3. Day length of 16 hours.
4. Individual basking lamps if direct
sunlight is unavailable.
5. Privacy.
6. Trustworthy caretaker relationship.
7. Methodical feeding and maintenance.
8. Natural habitat, nests, mud pans and
diets.
9. Strict routine.
10. Safety, cleanliness and attentiveness.

PLANS FOR THE FUTURE
I present my work in the hope that
we have ready a broader basis of
information for captive husbandry before
the last trees are cut and we can no longer
fight a country’s growth or its government
- which may be inevitable. The purchase of
a meager and simple acreage, the
availability of 16 ha (40 acres) of river
wetland reserve and the acquisition of
‘Charles and Diana’, the first rescued pair

of Red-billed Hornbills, has given birth to
my
mission
of
HOPE-HABITATHUSBANDRY for hornbills in the pet trade
and ‘aviculture’. Therefore, our ‘HOPE for
HORNBILLS’ logo promotes a public
interest in the species. By breeding, keeping,
and introducing the hornbills, and by sharing
their need for conservation, we hope to stir
up awareness, even in a small town
(population 1,500), that will lead to
342

promotion, funding, and support for our
global Hornbill Conservation efforts. We
have rollers, jacanas, crocodile birds, many
hornbills, starlings, cranes, and others that
will eagerly fly to our hands for treats of
greens, live food or fruits. We can then
implement imprinted and human socialized
juveniles as educational advertisements to
broaden conservation awareness. Most
people where I live don’t even know what
a hornbill is.
I am confident that the larger
species may also be induced as necessary
to breed by controlled factors in LARGE,
open free-flights in the Midwest, known
for it’s cost-effective housing, food and
maintenance resources. I currently have
laid the foundation for a large 18 x 12 x 9
m (60 x 40 x 30 foot) high observation
open-flight building, have 1.6-16 ha (4-40
acres) of native grassland available for
research on ground hornbills Bucorvus and
other large mixed species, and have
provisional investment in a 3-story brick
schoolhouse to be utilized for species
research. I am currently working on the
utilization of a 24 x 18 x 9 m (80 x 60 x 30
foot) high metal building to house a freeflight aviary with canopy forest growth,
natural heat and many mixed species. I am
able to care for, feed and house species
thanks to interested rural sponsors and
hope to finish collectively at least one of
the centers by 2007. The partially
temporary Hubs are currently quite simple,
as I work on the long-term center, and I
anticipate amazing progress in the years to
come.

In closing, I invite each of your
creative and brilliant minds to unite in the
‘Hope for Hornbills’ that will preserve these
magnificent creatures. Hope for all earths
diminishing species begins with passionately
uniting all views of interest. Despite medical
setbacks, personal cost containment, and
discouragement, plans are still underway for
formal development of the Sanctum’s
research and husbandry conservation center
in the heart of Nebraska in the USA.
I envy your expertise, experience and
wisdom and have vowed since I was a child
to do all I can physically and financially to
preserve the earths creatures, and I ask and
welcome any of your programs, ideas,
international species trade planning,
collective specimen research and any
information that will guide me and advance
the further conservation and understanding
of hornbills.
Like many of you, I have a great
vision for hornbills, and am determined to do
my part with what I have, when I can. I
privately offer you the facilities, feeding
resources, ideas, conservation land, and
support abroad for any devoted hornbill
conservation efforts, and will do what is
necessary and in my capacity to facilitate
any global hornbill conservation. Feel free to
contact me with your thoughts and ideas. I
am committed not to just taking the
opportunities in this lifetime, but rather the
passionate lifetime of opportunity, to join
you in the conservation and preservation of
hornbills.
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INTRODUCTION
Sixteen of Africa's 24 species of hornbill have been recorded from Uganda, five of which occur only in the
Semliki Valley National Park, which adjoins the DRC in the Albertine Rift valley of western Uganda. Of the
remaining species, three are widespread in Uganda: two in formerly-forested areas in the south and west –
the Black-and-white Casqued and Crowned, whilst the Grey is a bird of savannas (Carswell et al, 2005). Here,
we present results of analyses of population trends for these three species.

Black-&-white-casqued
Hornbill Ceratogymna
subcylindricus

African Crowned
Hornbill Tockus
alboterminatus

African Grey
Hornbill Tockus
nasutus

These and many other species have been recorded at sites across Uganda in various years since the early 1980s. From 2004, a set of 37 monitoring
sites are being counted annually. The Black-and-white Casqued Hornbill was recorded from 10 of these sites, Crowned Hornbill from 11 and the
Grey from 20. The highest number of these species recorded from the same site were 3 (from 2 sites); 2 occurred at 9 sites; and 1 species at 17.
The method used is known as Timed Species Counts (TSCs) —see Freeman et al 2003 — in which species are listed in the order of being seen or
heard during a 1-hour period in a particular habitat. Those recorded in the first ten minutes are given a score of six, those recorded in minutes 1120 score 5, and so on. These scores are then transformed (Freeman et al 2003, and unpublished) to derive a model with two basic parameters, nu
and q, which, respectively, are measures of abundance (probability that the species is present at a site); and detectability (the probability that a
species will be detected within a certain period, given that it is actually there. We use these parameters to analyse the probabilities of occurrence of
the three species over time.

Some results
Figure 1 shows trends in the three species combined, using data for all sites.
The trend is significantly negative at P = 0.05 (the upper 95% confidence line is
negative). We divided the sites into three major categories - natural (mainly
national parks, Figure 2), semi-natural (mainly pastoral areas, Figure 3) and
agricultural areas, Figure 4. Figure 3 shows that the decline is still negative for
the semi-natural areas, but less so for the natural or agricultural areas. However,
there are of course less data for each category in Figures 2-4 (and hence the
wider spread of the confidence limits).
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The most likely reason for the decline of these species is deforestation - not so
much in forests themselves, but in the wider countryside, where trees are
increasingly cut for making charcoal and other uses. This is supported by the
data in Figure 5, which are for a set of analyses of encounter rates in sites of
varying agricultural intensities for 119 bird species regularly using trees. Again,
the numbers of all tree species combined (the hornbills included) are declining.
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We cannot make strong conclusions from these data,
which are relatively few and, until recently, were only
collected from a few sites in some years.
Nevertheless, there is a definite hint of declining
hornbill populations which could well be related to
deforestation. Trees cut for charcoal, as well as
timber, are often the larger trees that hornbills need
for nesting; and many of the trees also provide fruits
and other foods. With the now standard monitoring
data set, better evidence for the state of hornbill
populations can be expected in future years.
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ABSTRACT
Gonzalez, J. C. T. 2007. Ecology and distribution of the Polillo Tarictic Hornbill Penelopides
manillae subnigra in the Polillo Islands, Philippines. In: Kemp, A. C. & Kemp, M. I. (eds). The
Active Management of Hornbills and their Habitats for Conservation, pp. 345-355. CD-ROM
Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa.
Naturalists & Nomads, Pretoria.
The Polillo Tarictic Hornbill Penelopides manillae subnigra occurs only on Polillo and Patnanungan
Islands, restricted to lowland (>100 m a.s.l.) evergreen rainforests growing on rugged hilly terrain.
Severe deforestation, from logging, mining and conversion into coconut plantations, has greatly reduced
the original lowland forests on both islands. The hornbill survives due to its ability to tolerate
disturbance and adapt to secondary forest habitats and agroforests. Tolerance and a wider fruit
preference seem to be important characters, since it fed on fruits from at least 36 plant species, both
indigenous and cultivated. During the breeding season, hornbill pairs also fed on small vertebrates (eggs,
nestlings and lizards) and invertebrates (beetles). The Polillo Tarictic Hornbill bred annually between
March to June, with females incubating in early May and nestlings observed from mid-May to early
June. Fledged juveniles accompanied parents in August, with the few trees supporting active nesting
varying in height, size and species. Nesting preference is probably affected by the shortage of large trees
with holes suitable for nesting and competition with other cavity nesters. Prior to the studies of Gonzalez
and Dans (1996), and of Oxford University-University of the Philippines Los Baños (1999-2001),
hunting and over-collection of wildlife was another severe threat. The establishment of the Polillo
Ecology Stewardship Project in 1998, supported by Chester Zoo, Polillo Islands Biodiversity
Conservation Foundation, Inc., and Fauna & Flora International, now monitors the wildlife and
collaborates with researchers and local government to implement various conservation activities. Polillo
town had claimed its Tarictic Hornbill as a municipal flagship species through the annual Tarictic
Festival and proclamation of Municipal Order #27 that helps protect wildlife from poaching.
*Author for correspondence: jctgonzalez@yahoo.com

INTRODUCTION
The Polillo Islands are an archipelago of 27
small islands and islets situated on the
eastern coast of Luzon Island (14o49’N;
121o54’E), facing the harbour towns of
Puerto Real and Infanta in Quezon province
(Fig. 1). It is composed mainly of the four
large islands of Polillo, Patnanungan,
Jomalig and Palasan (Gonzalez et al. 2004).

Polillo Island, the largest at 76,100 ha, is
divided into the three townships of Polillo,
Panukulan and Burdeos. Two islandmunicipalities of Patnanungan and Jomalig
form the more remote outer Pacific rim of
the island-group. Polillo exhibits a rugged
terrain with low mountain ridges forming a
central spine across the island. The highest
345

This hilly terrain supports the lowland
evergreen rainforests that previously
covered much of the two largest islands.
Severe deforestation from logging, mining
and conversion into coconut plantations has
greatly reduced the original lowland forests
on both islands.

point on the island is Mount Malulod,
which reaches an elevation of only 350 m
a.s.l. Most of the other ridges reach only
100-200 m, but are crisscrossed by
numerous river systems. This condition can
also be found on Patnanungan Island, but is
absent on smaller islands, such as Palasan
and Jomalig, which are both relatively flat.

Figure 1. Map of the Polillo Islands, situated off eastern Luzon Island, the Philippines (taken
from Gonzalez et al. 2004).
The Polillo Watershed Forest Reserve now
supports the largest remaining patch of old
growth lowland forest (250 ha) in the
Polillo Islands (Fig. 2). Clusters of
secondary forests and residuals are scattered
along the central spine of Polillo and
Patnanungan Islands. The Polillo group was

interconnected to mainland Luzon during
the Pleistocene, with a land-bridge
connection to southern rather than central
Luzon. Thus, it forms part of the Greater
Luzon faunal region and the Luzon endemic
bird area (Heaney 1986; Mallari et al.
2001).

METHODS
An island-wide survey of Polillo Tarictic
Hornbills Penelopides manillae subnigra
was conducted in 1996, and subsequent
studies, made thorough the Polillo Ecology
Stewardship Project of the Polillo Islands

Biodiversity Conservation Foundation, Inc.
(PIBCFI), were compiled for this paper
(Gonzalez & Dans 1997; Gonzalez 1997;
Gonzalez et al. 2004). A literature review of
previous research, including the Philippine
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Darwin Initiative Project’s Pioneering
Community Based Conservation Sites in the
Polillo Islands, Philippines, were included,
together with summaries of notes on
distribution, foraging preferences, nesting
ecology at active nest sites and conservation
status (Gonzalez 2005; Gonzalez & Dans
1997).

National Museum (McGregor 1910; Manuel
1956, 1957) Oxford University-University
of Philippines Los Baños’ Polillo 1999
Expedition (Hilario & Walker 1999;
Hampson et al. 2001), U. P. Diliman and
the UPLB Museum of Natural History
(Alviola 2003; Concimino et al. 1995), was
noted. Notes of observations along
designated priority conservation sites of the

Figure 2. Old growth lowland evergreen rainforests at the Polillo Watershed Forest Reserve in
Sibulan, Polillo Island
DISTRIBUTION AND HABITAT
The Polillo Tarictic Hornbill, locally called
tariktik, is presently known to occur on only
two islands in the Polillo group, Polillo and
Patnanungan (Fig. 3). Lack of observations
or confirmed reports on Jomalig, Balesin,
Katakian Grande, Minasawa and Palasan
Islands indicates its absence on smaller
islands without the hilly areas (>100 m
a.s.l.) that harbor lowland evergreen
dipterocarp-type rainforests. Historical
accounts by local residents suggest that this
species did not inhabit smaller islands in the
past (with the possible exception of Palasan
Island,
for
which
records
need
confirmation). The nominate Luzon Tarictic
Hornbill Penelopides m. manillae, is found
on the main island of Luzon, scattered in
isolated localities, and its range extends into

some small adjacent islands within the
Greater Luzon faunal region (Luzon EBA),
such as Catanduanes, Palaui, Alabat and
Marinduque Islands (Dickinson et al. 1991;
Gonzalez & Dans 1996; Kennedy et al.
2000).
The first specimens of Penelopides
m. subnigra were collected from the forests
near the towns of Polillo and Burdeos, both
on Polillo Island (McGregor 1910; Manuel
1956). The type specimen from Polillo was
destroyed in a fire and later replaced by a
neotype from Anibawan (Manuel 1959).
Specimens were taken in primary lowland
evergreen rainforests, which previously
covered almost the entire island (McGregor
1910). The tall canopy trees provided cover
and nesting areas, with food from the
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Much of the islands are now deforested,
with lowland forests replaced by secondary
growth and coconut plantations. Clusters of
forest fragments now remain along the low
central mountain spine of Polillo Island,
especially in the northern portion.

numerous strangling figs (Ficus spp.), other
fruit trees and palms. Current data suggests
that it is surviving not only in remnant
fragments of old growth forests, but also in
secondary forests and residual lowland
evergreen forests mixed with agroforests.

Figure 3. Adult Male Polillo Tarictic Hornbill Penelopides manillae subnigra.
lowland evergreen forests between Bucao in
Agta and Macnit in Languyin (Fig. 4).
Large clusters of secondary lowland
evergreen rainforests remain on low ridges
(100-200 m a.s.l.) on the northern part of
Polillo Island, with isolated patches of
forests found along the rugged hills forming
the central mountain spine (100-350 m
a.s.l.) from Mt. Malulod to Macnit on the
southern portion. The last known remaining
patch of old growth lowland evergreen
rainforests, about 200 ha, can be found in
the Polillo Watershed Forest Reserve (from
Sibulan
and
Mataas-na-kahoy
to
Pinaglubayan; Gonzalez & Dans 1996;
Gonzalez 1997; Hilario & Walker 1999;
Gonzalez 2005).

PRESENT STRONGHOLDS ON POLILLO AND
PATNANUNGAN
Extant populations of the Polillo Tarictic
Hornbill were observed and reported from
various localities around Polillo and
Patnanungan Islands. On Polillo Island, it
was still known to occur in areas previously
noted by past studies, such as in forests near
Polillo and Burdeos towns, also from
Anibawan and Karlagan. It is now also
known to occur in the northern portion from
secondary forests around Panukulan (Lipata
and Libas), Polillo (Anawan, Salipsip and
Binibitinan) and Burdeos (Aluyon). It also
occurs in forest fragments around Mt.
Malulod (Tamulaya in Polillo to Bulalon in
Burdeos) and was confirmed in residual

Figure 4. Secondary lowland forests at Aluyon and Mt. Malulod, Polillo Island
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some isolated patches of highly disturbed
secondary forest still remain on the upland
areas (100-200 m a.s.l.), mixed between
secondary growth and abandoned coconut
groves, and adjacent to agricultural areas
and villages. Although several large
strangling figs still remain, the insufficiency
of nesting trees threatens the hornbill
population on this island (Gonzalez & Dans
1996; Gonzalez et al. 2004).

On Patnanungan Island, the Polillo
Tarictic Hornbill was reported from
Sinintian in Patnanungan North, also from
Tapul and Sangil. Individuals were
observed in fragmented secondary forests
south of the town and north of the
Watershed Reserve in Patnanungan Sur
(near Basdak), as well as from Inusukan and
Kolasian on the northwest side of the island.
Old growth lowland evergreen rainforests
are now absent on Patnanungan although

FORAGING PREFERENCES
The highly restricted Polillo Tarictic
Hornbill has survived to the present, despite
both Polillo and Patnanungan Islands
having suffered serious deforestation,
largely due to its ability to tolerate
disturbance and adapt to secondary forest
habitats and agroforests. Tolerance and
wider fruit preference seems to be an
important character, since it is known to
feed on fruits of at least 36 species of both
indigenous and cultivated plants (Table 1).
Although it prefers foraging on native tree
species, the limited availability of fruiting
figs (Balete and Upling-gubat), palms

(Pugahan, Tokyong and Anahaw) and other
endemic fruit trees (Milipili, Basyad,
Marang and Babaysakan) in the reduced
forests within its already restricted range,
encourages it to forage on alternative food
sources, found in both forests and adjacent
agro-ecosystems (such as Pili, Gumihan,
Antipolo, Saging, Niyog and Aratilis) (Fig.
5). During the breeding season, hornbill
pairs also feed on small vertebrates and
invertebrates, such as beetles, bird’s eggs,
nestlings, geckos, skinks and flying lizards
(Gonzalez & Dans 1996).

Figure 5. Mixed seeds and dried fruit collected from the base of a nesting tree of the Polillo
Tarictic Hornbill in the Polillo Watershed Forest Reserve.
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NOTES ON BREEDING BIOLOGY
breeding’ strategy, but family groups were
often seen. Notes on nesting ecology were
based primarily on the few active nests
observed and nesting trees varied in height,
size and species. A summary of active and
inactive nest cavities, plotted within the
south-central portion of Polillo Island, noted
that, actually, only a handful of active nests

The Polillo Tarictic Hornbill breeds
annually between March and June, mainly
during the short dry season. Females were
incubating in early May and nestlings were
observed from mid-May to early June.
Fledged juveniles accompanied parents in
August. It was not known whether the
species participated in a ‘cooperative-

Table 1. Fruit species foraged by Polillo Tarictic Hornbills in the Polillo Islands, Philippines.
Family

Local name
Anardiaceae
Manga-senora
Burseraceae
Pili
Basyad
Milipili
Elaeocarpaceae Hunggo
Datiscaceae
Amlang
Fagaceae
Babaysakan
Guttiferae
Dangkalan
Lauraceae
Marang
Kalingag
Meliaceae
Himamau
Himamau
Moraceae
Gumihan
Antipolo
Balete
Balete
Balete
Upling-gubat
Upling-gubat
Ayimit
Musaceae
Saging
Myrtaceae
Lipote
Igang
Makaasim
Duhat
Palmae
Niyog
Pugahan
Tokyong
Anahaw
Sapindaceae
Bulala
Alupag
Tiliaceae
Kamuling
Aratilis
Ulmaceae
Hanagdong
Urticaceae
Layasin
Zingiberaceae Tagbak

Species
Scientific name
Mangifera sp.
Canarium ovatum
C. luzonicum
C. hirsutum
Elaeocarpus cumingii
Octomeles sumatrana
Lithocarpus sp.
Calophyllum sp.
Litsea luzonica
Cinnamomum sp.
Dysoxylum octandrum
D. gaudichaudianum
Artocarpus sericicarpus
A. blancoi
Ficus caudatiflolia
F. benjamina
F. elastica
F. ampelas
F. urostigma
F. minahassae
Musa sp.
Syzygium ploycephalum
S. garciae
S. nitidum
S. cumingii
Cocos nucifera
Corypha cumingii
Pinanga insignis
Livistonia rotundifoliae
Nephelium philippinense
Euphoria sp.
Microcos stylocarpa
Muntingia calabura
Parasponia parviflora
Leucosyke sp.
Kolowratia elegans
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from ground in a moderate dipterocarp
Shorea sp. tree. One nest in Patnanungan
was in a small Batino tree Alstonia
macrophylla, beside a farm near the village
(Fig. 7). Usually two to three eggs, rarely
four, are laid and sexual dimorphism among
nestlings can be distinguished as soon as the
pin-feathers appear (Fig. 8).

was known. Currently, PESP is conducting
an island-wide census of active nests to
determine the extent of breeding activity
(Fig. 6). Nesting preference is probably
affected by the shortage of large trees with
holes suitable for nesting and competition
with other cavity nesters. In the Polillo
watershed, one nest hole was more than 20
m high, while another was less than 2 m

Figure 6. Distribution of active nests of the Polillo Tarictic Hornbill on Polillo Island
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Figure 7. Nest sites of Polillo Tarictic Hornbills from Polillo and Patnanungan Islands

Figure 8. Sexually dimorphic nestlings of Polillo Tarictic Hornbills, male left, female right.

CONSERVATION STATUS
The most severe threat to the critically
endangered Polillo Tarictic Hornbill and
other forest fauna is habitat loss, primarily
due to over-logging, supplemented by slashand-burn farming and the impact of
typhoons in the region (Collar et al. 1999;
Benstead et al. 2004). Most of the upland
areas on the Polillo islands are severely
deforested. Almost no primary forest
remains (ESSC 1998), but isolated clusters
of disturbed old growth and secondary
lowland evergreen forest still remain along
the central mountain spines of both islands,
bounded by extensive areas of coconut
plantations. In the 1960's, selective logging
by various companies was rampant,

followed later by small-scale logging to
harvest the smaller trees, and then what
remained was cleared for farming. The
remaining degraded forests are further
threatened by strong typhoons that fell most
of the large dipterocarps necessary for
nesting, causing further insufficiency of
nest holes for breeding pairs (Fig. 9). Prior
to the study of Gonzalez and Dans (1996),
and by Oxford University-University of the
Philippines Los Baños (1999-2001; Bennett
2000), hunting and over-collection of
wildlife was another severe threat, since
conservation action in the Polillo islands
was non-existent.
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Figure 9. A breeding pair of Polillo Tarictic Hornbills at the Polillo Watershed Forest Reserve.
This led to the establishment of a
wardening scheme in 1998 through the
Polillo Ecology Stewardship Project
(supported by Chester Zoo, PIBCFI and
FFI), which monitors the wildlife, and also
collaborates with researchers and local
government
to
implement
various

conservation activities. In response, Polillo
town had claimed the Polillo Tarictic
Hornbill as its municipal flagship species
through the annual Tarictic Festival and the
proclamation of Municipal Order #27 that
helps protects wildlife from poaching (Fig.
10).

Figure 10. A pair of ‘tarictic hornbill’ mascots on parade during the annual Polillo Tarictic
Festival
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ABSTRACT
Gonzalez, J. C. T. 2007. Status and distribution of the Mindoro Tarictic Hornbill Penelopides
mindorensis. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their
Habitats for Conservation, pp. 356-363. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
The Mindoro Tarictic hornbill Penelopides mindorensis is among the most threatened and rangerestricted hornbill species in the Philippines. This single-island endemic occurs only in lowland
evergreen rainforests on Mindoro Island, although possibly previously on satellite islands such as Ylin.
It is only known to occur at elevations below 1,000 m a.s.l. with sufficient forest habitat to support the
tall dipterocarp trees used by this cavity-nesting hornbill. Lowland forests covered much of Mindoro in
the early 1900s, but continued forest loss since the 1960s, caused by extensive logging and clearing for
coconut plantations, has led to a drastic decline in the endemic wildlife. The rapid forest fragmentation
and indiscriminate hunting were detrimental to the survival of the inherently small isolated island
populations of endemic fauna, such as the Mindoro Tarictic Hornbill. Its ability to tolerate disturbance,
such as the ravages of periodic typhoons, allowed it to persist in secondary residual forests and the
adjacent agro-forests that harbor feeding trees such as Ficus, Canarium, Syzygium, Artocarpus and
Dysoxylum. Most hornbills were observed on the Mt. Halcon-Talipanan Range, Mt. Calavite, Eagle pass
(Victoria), Mt. Iglit-Baco, the Sablayan forests (Siburan, Colasisi, F.B. Harrison), and the MagsaysayBulalacao Range, where tracts of old growth and secondary lowland forests still remain. These areas
represent the last strongholds for Mindoro’s endemic lowland fauna, nine of which are recognized as
Important Bird Areas (PH037-045). Collaboration between Fauna & Flora International and the
University of the Philippines Los Baños has led to establishment of the Mindoro Biodiversity
Conservation Project in 1995. It conducted an island-wide survey of fauna and flora, completed in 1999,
and determined the approximate distribution of the Endangered Mindoro Tarictic Hornbill through
plotting grid maps and scattered forest fragments. A detailed study of the hornbill’s breeding biology
and foraging ecology is necessary to support appropriate conservation action.
*

Author for correspondence: jctgonzalez@yahoo.com

INTRODUCTION
The Mindoro Tarictic Hornbill Penelopides
mindorensis is one of several endemic
species and subspecies unique to Mindoro
Island. It is among the most threatened and
range-restricted hornbill species in the
Philippines, considered to be Endangered
by BirdLife International (Benstead et al.
2004). It is the only monotypic Penelopides
species in the Philippines, as described by

J.B. Steere in 1890 based on specimens
collected from Calapan in 1888 and also
from Mt. Halcon by Schmacker in 1888
(Dickinson et al. 1991). This single-island
endemic hornbill occurs only in lowland
evergreen rainforests on Mindoro Island,
and at low elevations below 1,000 m a.s.l.
with sufficient forest habitats to support the
tall dipterocarp trees used by these cavity356

(Luzon and Panay) also made an impact in
the 1980s, together with the advent of
malaria control. Rapid forest fragmentation
and indiscriminate hunting were detrimental
to the survival of the inherently small
isolated island populations of endemic
fauna, such as the Mindoro Tarictic
Hornbill.

nesting hornbills. Lowland evergreen
rainforests covered much of Mindoro in the
1900s, but continued forest loss since the
1960s, caused by extensive logging, slashand burn farming and clearing for coconut
plantations, has led to a drastic decline in its
endemic wildlife (forest cover based on
ESSC 1999; Fig. 1). An influx of landless
migrants and refugees from nearby islands

Figure 1. Summary of the decline of original forests on Mindoro Island from 1900 to 1998
(maps taken from ESSC 1999).
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METHODS
were conducted from 1995-1997 by the
University of the Philippines Los Baños
(UPLB), through the Mindoro Biodiversity
Conservation Project (MCBP) with
sponsorship by Fauna & Flora International
(FFI), Pilipinas Shell Foundation Inc. and
Shell Philippines Exploration B.V. Corp.
(Gonzalez et al. 1999). Data were mapped,

A literature review and results of a 1999
island-wide survey of the fauna and flora of
Mindoro were used in this paper (Gonzalez
1993; Gonzalez et al. 1999). Data was
supported with searches of the remaining
suitable lowland forest and evaluation of
forest indicators, such as other threatened
island endemic species (Fig. 2). Surveys

Figure 2. Estimated map of remaining forests, both lowland and montane, on Mindoro Island,
based on island-wide surveys conducted by MBCP-UPLB from 1995-1997 (Gonzalez et al.
1999).
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comm.), CMNH-DENR (Torno 1994) and
other local reports. Analysis of distribution
maps published by the Haribon/BirdLife
International Red Data Book (Collar et al.
1999) on Philippine birds, were corrected
for waypoints based on updated local
knowledge and provincial maps (Fig. 3).

based on direct sightings and reviews of
other recent surveys, such as the Tamaraw
Conservation Project-Protected Areas &
Wildlife Bureau-UPLB Foundation Inc.
(Dans et al. 1995), Ayala Foundation Inc.UPLB (Dans et al. 1997), Cambridge
Rainforest Survey (Evans et al. 1993),
Haribon Foundation (J. Dimaranan pers.

Figure 3. Approximate distribution of Mindoro Tarictic Hornbill showing maps from Haribon/
BirdLife International Red Data Book (taken from Collar et al. 1999).

DISTRIBUTION OF THE MINDORO TARICTIC HORNBILL
The Mindoro Tarictic Hornbill is probably
the most range-restricted hornbill species in
the Philippines, where it is the only singleisland endemic hornbill species and occurs

only in lowland evergreen rainforests on
Mindoro Island. It was possibly previously
found from adjacent satellite islands, such
as Ylin and maybe even Semirara, which
359

River at Eagle pass near the Mindoro State
College of Agriculture and Technology
campus in Victoria; Mt. Iglit-Baco National
Park from Calintaan to Bongabong (Fig. 5);
and the lowland forests of Sablayan from
Siburan, Colasisi, F.B. Harrison to Amnay;
and the Magsaysay-Bulalacao Range,
leading up to San Jose and Mansalay. Note
that these areas harbor the most remaining
tracts of old growth and secondary lowland
forests (in 1995-1997) and also represent
the last stronghold for Mindoro’s endemic
lowland fauna. Nine of these areas were
recently recognized as Important Bird
Areas, from PH037 to PH045 (Mallari et al.
2001).

form part of the Greater Mindoro faunal
region (also known as the Mindoro
Endemic Bird Area). It inhabits both old
growth, residual and secondary lowland
evergreen rainforests at elevations below
1,000 m a.s.l., habitats which have declined
drastically on Mindoro Island, but it persists
in secondary residual forests and adjacent
agro-forests that harbor feeding trees such
as Ficus, Canarium, Syzygium, Artocarpus
and Dysoxylum. Most confirmed hornbill
observations were noted from Mt. Halcon
and the Mt. Talipanan Range, connected
through a forested saddle; at Mt. Calavite
and the forests of Tiko-tiko in Paluan (Fig.
4); the forests around Mag-Asawang Tubig

Figure 4. Lowland rainforests around Mt. Tiko-tiko along Mt. Calavite Range in Paluan,
Mindoro Island.

CONSERVATION STATUS
The Mindoro Tarictic hornbill is one of
the most threatened hornbill species in the
Philippines, considered by BirdLife
International (2004) as Endangered (Fig. 6).
This single-island endemic hornbill is
further restricted due to its dependence to
lowland evergreen rainforests (<1,000 m
a.s.l.). Continued forest loss, caused by
small scale logging and clearing for
farmlands, due to encroachment from
migrant settlers, represents the major threats

to
forest
wildlife.
Rapid
forest
fragmentation and indiscriminate hunting
were detrimental to the survival of
inherently small isolated island populations
of the Mindoro Tarictic Hornbill. Their
ability to tolerate disturbance allowed them
to persist in secondary residual forests and
adjacent agro-forests, and represents the last
stronghold for Mindoro’s endemic lowland
fauna. Collaboration between FFI and
UPLB led to the establishment of the
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Figure 5. Ridgetop lowland rainforests at Mt. Iglit-Baco National Park in Calintaan, Mindoro
Island.

Figure 6. A male Mindoro Tarictic Hornbill Penelopides mindorensis perched on a flowering
Dysoxylum tree in Paluan, Mindoro Island.
MBCP in 1995, which conducted an islandwide survey of fauna and flora, completed
in 1999, and determined the approximate
distribution of the Endangered Mindoro
Tarictic Hornbill through plotting grid maps
and scattered forest fragments (Gonzalez et
al. 1999). The survey noted the extent of
confirmed, unconfirmed and recent reports
of hornbills, which suggest that the species

has been confirmed on only very limited
areas of Mindoro Island (Fig. 7). A detailed
study of its breeding biology and foraging
ecology is necessary to support appropriate
conservation action. Recent population
ecology studies had been conducted by the
Haribon Foundation at Siburan forest,
Sablayan (J. Dimaranan pers comm. 2005).
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Figure 7. Grid map showing approximate distribution of Mindoro Tarictic Hornbill based on
island-wide surveys conducted on Mindoro Island from 1995-1997 (Gonzalez et al. 1999)
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Ecology of the Wrinkled Hornbill Aceros (Rhyticeros)
corrugatus in Bala forest, southern Thailand
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ABSTRACT
Thong-Aree, S. 2007. Ecology of the Wrinkled Hornbill Aceros (Rhyticeros) corrugatus in Bala forest,
southern Thailand. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their
Habitats for Conservation, pp. 364-367. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
The Wrinkled Hornbill Aceros (Rhyticeros) corrugatus inhabits lowland forest and is one of the most
threatened species in Thailand due to destruction of its habitat. I studied the ecology of the Wrinkled
Hornbill in Bala tropical rainforest, Narathiwat Province, southern Thailand by making a census along
11 transects (74.4 km in total) between February 2001 and April 2002. ArcView 3.1 was used to
determine the distribution of individuals, the programme DISTANCE to estimate density, and breeding
biology was observed. The Wrinkled Hornbill was mostly observed at altitudes ranging from 100-400 m
a.s.l. (66.7%, n = 15) and the estimated density was 0.06 individuals/km2 (95% CI = 0.04-0.1, CV =
23.9%). Two nests were found. Both were near a stream and in a Shorea sp. (Dipterocarpaceae) tree.
The breeding season commenced in June and finished in September. Clutch size was two, the incubation
period was 30-35 days and the first chick fledged at 35-54 days after hatching. The diet comprised fruits
(66.7%) and animals (33.3%). Among fruit foods, Oncosperma horridrum dominated in the diet by
numbers (17.7%), while Ficus was less important (9.5%). Insects (25.4%) dominated animal foods,
followed by land snails (6.1%). Feeding frequency peaked between 14:00-15:00 hrs. I also recorded the
first instance of interspecific competition for a nest hole between Wrinkled Hornbill and Bushy-crested
Hornbill Anorrhinus galeritus.
* Author for correspondence: siriporn-thong@yahoo.com

INTRODUCTION
Thirteen species of hornbills have been
recorded in Thailand. Of these, the
Wrinkled Hornbill Aceros (Rhyticeros)
corrugatus is presently one of the most
threatened species that inhabits lowland
tropical rainforest. Formerly it was found
throughout southern Thailand, but presently

its distribution is confined within very
restricted areas. Little is known about this
species in its natural habitat. This study was
aimed at understanding the biology and
ecology of the Wrinkled Hornbill in the
lowland tropical forest of southern
Thailand.

METHODS
The study was conducted in Bala forest
(5°44’–5°57’N, 101°46–101°51’ E: area
111 km2), on the Thailand-Malaysia border.
A line transect method was used to
sample hornbills. Eleven transects ranging

in length from 3.0–11.4 km (total 74.4 km)
were walked along existing trails in the
study area. Researchers walked along
sections of existing trails to avoid any
disturbance associated with constructing a
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100 m and 100–500 m. The distance classes
further away were wider to minimize errors
in distance estimation. Distances were
estimated visually or by pacing. The
software programme DISTANCE (Version
2.0; Buckland et al.1993) was used to
analyse the density of hornbills. The
programme ArcView 3.1 was used to
present distribution records and nesting
sites.
To study breeding and feeding
biology, observations were done at nests
during 06:00-19:00 hrs. Characteristics of
the nest and nest site, including nest tree
species, size and vegetation structure
around the nest site, were studied. Any
utilization within the habitat was also
recorded.

transect grid. The transect network
traversed all major habitats in the study
area. Each transect was walked between
06:00-14:00 hrs, at a slow uniform rate of
approximately 0.5 km/hr, all the while
carefully scanning the canopy for hornbills.
Sampling was carried out between February
2001 and April 2002. All Wrinkled
Hornbills seen or heard immediately ahead
or on either side of the transect were
recorded. For each detection, the following
parameters were noted: position on the
transect, number of hornbills (where
possible), whether seen or only heard, and
perpendicular distance interval from the
transect. The following perpendicular
distance intervals (m) were used: 0–10 m,
10–20 m, 20–40 m, 40–60 m, 60–80 m, 80–

RESULTS AND DISCUSSION
BREEDING BIOLOGY
The first nest was found in September 2000
with two chicks inside. The second nest was
observed soon after the female entered the
nest cavity in June 2002. The female laid at
least two eggs and incubated them for 30-35
days. The chicks developed within the nest
cavity for 35-54 days. The first chick
fledged from the nest about two hours after
the mother emerged and flew out. The
second chick fledged about 17 days after
the first chick.
In the 2001 season, the first nest was
occupied by Bushy-crested Hornbill
Anorrhinus galeritus. This was probably
because the Bushy-crested Hornbill has a
higher success rate due to its cooperative
behavior and living in large flocks.

DENSITY AND DISTRIBUTION
The density of Wrinkled Hornbills was
estimated at 0.06 individuals/km2 (95% CI
= 0.04-0.1, CV = 23.9%), but if one
observation at a fig tree, where 13
individuals were sighted, is included then
the density changed to 0.08 birds/km2. The
low coefficient of variation indicated that
the occurrence of this hornbill was rather
consistent. The density recorded at Bala is
rather low when compare with 0.1/km2 for a
previous study in a Bornean forest
(McConkey & Chivers 2004).
HABITAT UTILIZATION
Wrinkled Hornbills were distributed at
altitudes ranging from 100-600 m a..s.l., but
preferred altitudes of 100-400 m a.s.l.
(66.7%, n=15).

FOOD AND FEEDING
Records of food came from actual
observations of feeding by the male at and
seeds found under the nests. The male fed
the female and chicks 15 times a day during
06:00-19:00 hrs, with peaks between 06:0007:00 hrs, 10:00-11:00 hrs and 14:00-15:00
hrs. The number of food items comprised
fruits (67%) and animals (23%).
Among fruit food recorded that the
male delivered, the main fruit was

NESTING SITE
Two nest trees of Wrinkled Hornbills were
found in valleys near Khlong Ai Krading
stream, on hill slopes of 35° and 42°. The
vegetation structure around the nest (Table
1) and the characteristics of the nest trees
and cavities (Table 2) were recorded.
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Food categories observed from
seeds and seedlings growing below the nest
cavity comprised 31 species belonging to 13
families (Lauraceae, Moraceae, Myrtaceae,
Alangiaceae,
Rubiaceae,
Meliaceae,
Palmae,
Myristicaceae,
Annonaceae,
Elaeocarpaceae, Sapindaceae, Burseraceae
and Magnoliaceae), of which the dominant
families were Lauraceae (22.6%), and
Moraceae, Annonaceae and Meliaceae
(each 13.0 %).

Oncosperma horridum (17.7%), the second
was Litsea spp.(16.4%) and the third Ficus
spp. (9.5%), with, Polyalthia spp. Knema
spp. Agiaia spp. Syzygium spp. Dysoxylum
spp. and Artocarpus spp. also recorded.
Among animal foods, the main sources
were lizards (Drago spp., 0.3%), frogs
(Rana spp., 0.3%), molluscs (land snails,
0.3%); insects (beetle, cicadas, worms,
butterflies, 25.4%), and other arthropods
(centipedes, millipedes, 1.1%).

Table 1. Vegetation structure in a 40 x 40 m2 plot around each of two nest sites of Wrinkled
Hornbill at Bala forest, Thailand.
Characteristics
Slope (degrees)
Altitude (m a.s.l.)
No. of trees
No. of trees (>30 m high)
No. of trees (15-30 m high)
No. of trees (<15 m high)
Highest tree
Shortest tree
Greatest DBH
Dominant tree family
Dominant tree species

Plot 1
35
200
71
13
32
26
Koompasia excelsa (?? m)
Bombax ceiba ( 3 m)
Koompasia excelsa (187 cm)
Myrtaceae (14 trees)
Shorea leprosula

Plot 2
42
200
76
7
33
36
Disopyros venosa (48 m)
Elateriospermum tapos (3 m)
Clatoxylum formosum (422 cm)
Dipterocarpaceae (19 trees)
Elateriospermum tapos

Table 2. Summary of characteristics of the two nest trees and cavities of Wrinkled Hornbill at
Bala forest, Thailand.
Characteristics
Tree species
Tree height (m)
Diameter at Breast Height (cm)
Height to nest hole (m)
Nest entrance, width x height (cm)
Cavity depth (cm)
Cavity orientation (degree N)

Nest no. 1
Shorea leprosula
50
264
17
10 x 23
37
350

Nest no. 2
Shorea faguetiana
45
187
24
12 x 26
40
220
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Twenty-three species of African hornbill (Bucerotiformes) are recognised under the present
conservative taxonomy, divided among three genera and subdivided into 13 subspecies. Only
one species (Yellow-casqued Wattled Hornbill Ceratogymna elata) and one subspecies
(Brown-cheeked Hornbill C. c. cylindricus) are classed as 'near threatened'. Both of these
populations occupy West African rainforest. However, a review of this taxonomy and insight
offered by new genetic evidence suggests that African hornbills should be further divided into
at least three additional genera, seven new species and nine new subspecies, with important
conservation implications.
Several of the newly proposed taxa exist as relatively small populations within restricted
ranges, while other species are large birds that, despite their wide range, occur naturally only at
low densities. Local extinctions have also reduced some populations to patchy and fragmented
distributions. Further genetic studies are necessary to assess the taxonomy, viability and megapopulation structure of these populations with disjunct ranges. Range fragmentation also has
important ecological consequences, especially where frugivorous hornbills become the last
surviving large animals in an area that are capable of seed dispersal for forest trees.
Conservation management of hornbills is still undeveloped. Projects exist that employ
modified or artificial nest cavities, that make genetic studies of populations at both the
taxonomic and mega-population levels, and that use innovative approaches to harvest and
reintroduce redundant chicks. These offer some possible approaches to hornbill conservation.
Reference: Kemp, A. C. 2001. The role of species limits and biology in the conservation of
African hornbills. Ostrich Supplement 15: 200-204.
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Effectiveness of hornbills as seed dispersal agents in Paleotropical forests
Shumpei KITAMURA: Thailand Hornbill Project, Department of Microbiology, Mahidol University, Bangkok 10400, Thailand

PURPOSE

CONCLUSION

The aim of this study is to provide an overview of frugivory and seed
dispersal by large frugivorous birds, hornbills (Fig. 1), in their
habitats and then evaluate the effect of hornbill loss caused by the
human impact to their habitat. I review the recent studies on the
following three questions about hornbills as seed dispersers:

Hornbills are excellent seed dispersers of seeds of native plants as
well as exotic plants in their habitats. They digest only the fleshy
parts of the fruit that they eat and void the seed intact, either
defecated or regurgitated. The long gut passage time and the
propensity for depositing seeds away from the fruiting parent trees
while foraging also suggest high quality dispersal. Hornbills are
capable of dispersing seeds over several kilometers, resulting in a
relatively even spread of seeds throughout the forest. Although seed
deposition at nest trees is a useful guide to hornbill diets during the
breeding season, it is clearly not of benefit to the plants involved.
After combining these results, the effectiveness of hornbill seed
dispersal is not considered to be inferior to that of other frugivorous
birds that are reported to be "effective" dispersers in the tropics.

(1) Do they eat fruits?
(2) Do they defecate, regurgitate, spit or drop potentially
viable seeds away from the parent plant?
(3) Are they significant dispersal agent?

METHODS
To prepare this review, I compiled literature first from available
peer-reviewed journals, and from references cited in these papers,
and finally from online keyword searched with BIOSIS. I have, as far
as possible, used reports of feeding observations, nest observations,
and faecal analysis. Classification and nomenclature follows Kemp
(1995) for hornbills, and the individual sources for plants.

4000

1000
RESULTS
(A) Frugivory by hornbills
For hornbills, the answer to the first question is apparent for wellstudied species, especially for Asian hornbills (Kemp, 2001). Several
studies have reported long lists of fruits as hornbill diets. Of these,
some families are particularly preferred by hornbills (Fig. 2). Most of
them are considered to be high-quality fruits, which are rich in fats
and proteins (Leighton, 1982; O'Brien et al., 1998a; Snow, 1981).
Figs (Ficus spp.) are eaten by 40 of the 54 hornbill species, but
feature especially prominently in the diets of Asian hornbills
(Shanahan et al., 2001). Some hornbill species, especially large
species depend heavily on figs during the breeding season (Table 1).
ANNO

1 (N=79)

BURS

2 (N=73)

LAUR
3 (N=80)

MELI

4 (N=48)

MORA

100

Symbols:
○: hornbills in
Asia (31
spp.),
●: hornbills in
Africa (21
spp.),
△: Imperial
pigeons
in Asia (23
spp.),
▼: turacos in
Africa
(22 spp.),
×: toucans in
Neotropics
(34 spp.)

1
11
21
31
Species rank by body weight (g)

Fig.1. Regional comparison of large frugivorous birds found in tropical Asia, Africa and
Neotropics. In each group, species are listed by increasing body weight (g). Data source of
each group obtained from Kemp (2001) for hornbills, Baptista et al. (1997) for imperial
pigeons, Turner (1997) for turacos, Short & Horne (2002) for toucans. The numbers in the
parentheses indicated the number of species in each group summarized in this figure.

MYRI
5 (N=74)

Others

6 (N=121)
7 (N=73)
8 (N=47)
9 (N=46)
10 (N=75)
0%

20%

40%

60%

80%

100%

Fig. 2. The frequency of fruits species eaten by hornbills in common families in various
study area. Abbreviations of family name: ANNO: Annonaceae; BURS: Burseraceae;
LAUR: Lauraceae; MELI: Meliaceae; MORA: Moraceae; MYRI: Myristicaceae; Others:
other families. Numbers in parenthesis indicated the total number of fruit species
recorded as hornbill diets.
Data source: 1: India (Datta 2001, Datta & Rawat 2003), 2: Thailand (Kitamura et al.
2002, Poonswad et al. 1998), 3: Thailand (Kitamura et al. unpublished data), 4: Sumatra
(Hadiprakarsa & Kinnaird 2004), 5: Sulawesi (Kinnaird & O'Brien 1999, Suryadi et al.
1994), 6: Borneo (Leighton 1982), 7: Cameroon (Poulsen et al. 2002, Whitney et al.
1998), 8: Gabon (Gautier-Hion et al. 1985), 9: Uganda (Kalina 1988), 10: Malawi
(Dowsett-Lemaire 1988).
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Data source: 1: Kinnaird & O'Brien (1999), 2: Chimchome et al. (1998), 3: Poonswad et
al. (1987), 4: Datta (2001), 5: Kauth et al. (1998), 6: Poonswad et al. (1987), 7:
Poonswad et al. (1987), 8: Datta (2001), 9: Balasubramanian et al. (2004), 10: Poonswad
et al. (1987), 11: Datta (2001), 12: Kannan (1994), Kannan & James (1997), 13: Kalina
(1988), 14: Mudappa (2000), 15: O'Brien (1998).

(B) Contribution of hornbill fruit removal
Although no species-specific relationships between a particular
hornbill species and a fruit species have been reported, it has been
asserted that large hornbills are the major consumers of the fruits
from many primary forest plants (e.g. Becker & Wong, 1985;
Leighton, 1982). The contributions of hornbill fruit removal in a
particular plant species were evaluated several studies (Table 2).
Table 2. Contribution of hornbill fruit removal in a particular plant species.
Plant species
Hornbill species
(%) Site
Aglaia spectabilis
Thailand
Buceros bicornis
26.8
Aceros undulatus
3.3
Anorrhinus austeni
0.9
Anthracoceros albirostris
9.9
Canarium euphyllum
Thailand
Buceros bicornis
8.5
Aceros undulatus
29.5
Anorrhinus austeni
4.1
Anthracoceros albirostris
3.5
Commiphora harveyi
South Africa
Tockus alboterminatus
34.0
Maesopsis eminii
Tanzania
Ceratogymna cylindricus
87.4

(D) Home range and daily movements
Several studies have directly measured the home ranges of hornbills
using radio-telemetry (Holbrook & Smith, 2000; Holbrook et al.,
2002; Poonswad & Tsuji, 1994; Suryadi et al., 1998), reporting
relatively large home ranges for each studied species (Table 4). In
addition, hornbills undertake long daily movements, for example, 13
km by Aceros cassidix, (Kinnaird et al., 1996); 14.4 km by Buceros
bicornis, (Poonswad & Tsuji, 1994); and 9.6 km by B. rhinoceros,
(Leighton, 1982), and may be capable of tracking the spatio-temporal
availability of large fruit patches (Holbrook et al., 2002; Kinnaird et
al., 1996; Whitney & Smith, 1998). For Ceratogymna hornbills in
Cameroon, monthly movements ranged from 23 km to 150 km
(average, 81 km), and one individual traveled a minimum estimated
290 km within three months (Holbrook et al., 2002).
By combining the behavior patterns obtained from radio-telemetry
and the retention times of the different seeds consumed by
Ceratogymna hornbills, Holbrook & Smith (2000) estimated the
hornbill seed dispersal distances from the parent plants for several
species. They reported that most of the seeds consumed by
Ceratogymna hornbills were deposited > 500 m away from the parent
plants and were sometimes dispersed nearly 7 km away.

Data source: A. spectabilis: Kitamura et al. (2004a), C. euphyllum: Kitamura et al. (2006), Table 4. Home range size (ha) of various hornbill species.
Hornbill species
home range (ha) Study site
C. harveyi: Bohning-Gaese et al. (1999), M. eminii: Cordeiro et al. (2004).
Fruit of Aglaia spectabilis

Canarium euphyllum & Aceros undulatus

(C) Fruit tree visitation and gut passage times
Despite their large body size, African forest hornbills (Whitney et al.,
1998) as well as Asian hornbills (Heindl & Curio, 1999; Kitamura et
al., 2004b, 2005, 2006), are reported to exhibit short visitation
lengths at fruiting trees. The gut passage times are a measure of the
efficiency of seed dispersers: the longer the processing time, the
greater the likelihood of seed deposition being away from the fruiting
plants and higher the chances of dispersal away from the fruiting
plants. Although data on the gut passage times of hornbills are very
limited. For Asian hornbills, the gut passage time of non-fig fruits in
general was >1 h, while that of fig fruits was about 1 h (Table 3).
T
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(E) Fates of seeds dispersed by hornbills
Seed dispersal by hornbills appears to increase dietary seed
abundance and species richness at nest trees during the breeding
season (Datta, 2001; Kinnaird, 1998; Kitamura et al., 2004c).
However, compared with seeds deposited from nest cavities,
seedlings that appeared under nests were limited in terms of species
richness and abundance (Datta, 2001; Kitamura et al., 2004c).
Although the seed deposition sites of some frugivores are considered
to be important seed dispersal sites (Fragoso, 1997; Julliot, 1997),
seed dispersal by hornbills at the nest tree is inefficient from the
point of view of the plant (Datta, 2001; Kitamura et al., 2004c).

(F) Effect of human disturbance to hornbills
For hornbills, forest fragmentation reduces the number of large trees
available for nesting and foraging (Pattanavibool & Dearden, 2002;
Pattanavibool & Edge, 1996; Poonswad, 1995; Poonswad & Kemp,
1993). The reduction of nesting sites can lead to changes in nest
competition and reproductive success (Poonswad, 1993; Poonswad et
al., 2005). Given the increasing rates of tropical deforestation, forest
fragmentation, and loss of large frugivores, the influence of hornbill
seed dispersal on forest structure will likely increase in the future.
Currently many reforestation programs are ongoing in various types
of the forest in the tropics (Elliott et al., 2000; Hardwick et al., 2004).
We must not let a forest full of trees fool us into believing that all is
well (Redford, 1992). Many of these forests are “living dead”, and,
although satellites passing overhead may reassuringly register them
as forest, they are empty of much of the faunal richness valued by
humans (Corlett 2002; Redford, 1992). If they are ever to recover
their original plant species diversity, these restored forests must
attract dispersers of large seeds, such as hornbills.
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ABSTRACT
Plongmai, K., Savini, C., Poonswad, P., Chuailua, P., Kitamura, S. & Wohandee, P. 2007. Nesting and
flocking behavior in relation to the phenology of non-fig hornbill food plants at Khao Yai National Park,
Thailand. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats
for Conservation, pp. 371-380. CD-ROM Proceedings of the 4th International Hornbill Conference,
Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
The food of hornbills comprises two important components, with fruit the main component and also
animals. Fruits have proved to be the main source of energy for hornbills at Khao Yai National Park.
Among fruits, figs Ficus spp., particularly strangling figs, are important to hornbills and most species,
especially at Khao Yai, consume a large proportion of figs. These figs provide ripe fruit crops all year
round, but wane during certain times of the year. Despite the importance of figs, non-fig fruit species are
no less important since many are lipid-rich. In this long-term study (1996-2003), we analyzed the
phenology of 15 major species of non-fig fruit trees in relation to annual rainfall and the nesting and
flocking activities of hornbills. Eleven of these 15 non-fig species were important during hornbill
nesting, while five species were important during flocking. Livistona speciosa produced ripe fruit crops
during the late flocking period that extended to the middle of nesting period, while Cinnamomum
subavenium showed a regular cycle of fruiting every third year, and the rest of the species produced ripe
fruit crops irregularly. Mastixia pentandra, in particular, influenced flocking of Wreathed Hornbill
Aceros undulatus. Reproductive phenology of all 15 species (n = 88 crops) showed: flowering to fruiting
phases ranging from 7-19 months (mean 11.6±3.2 months); flowering phases of 1-14 months (mean
4.6±S.D. 2.9 months); fruiting phase of 3-16 months (mean 7.6±2.9 months) and ripe fruit phases of 1-6
months (mean 2.6±1.0 months).
*Author for correspondence: hornbill_project 2003@yahoo.com

INTRODUCTION
Monsoon evergreen forest at Khao Yai
National Park is one of the important
habitats of food production for wildlife,
particularly fruits. It supports four hornbill
species, Great Buceros bicornis, Wreathed
Aceros undulatus, Brown Annorrhinus
austeni and Oriental Pied Hornbill
Anthracoceros albirostris (Kitamura et al.
2002).

Although ripe fruits, mainly Ficus
spp., are available year-round (Poonswad et
al. 1998), fruit diversity and abundance
peaked in the rainy season and dropped to a
trough at the beginning of the dry season
(Bartlett 2003).
Hornbills at Khao Yai consume
more than 80 species of fruits throughout
the year (Kitamura et al. 2002; Poonswad et
371

There has been very little study of
interactions between the phenology of food
plants, rainfall and the annual hornbill life
cycle. We examined correlations among the
number of hornbill nesting and flocking,
monthly rainfall and phenology of non-fig
hornbill food plants in central Thailand.

al. 1998). Figs are consumed in large
numbers during the breeding season,
particularly by the two larger species, Great
and Wreathed Hornbill (Poonswad et al.
1986). Hornbills start to nest during the
relatively dry months and end before
commencement of the heavy rains
(Poonswad et al. 2000).

STUDY AREA AND METHODS
The study was conducted from January
1996 to December 2003 at Khao Yai
National Park (KYNP: 14°05′-15′N and
101°05′-50′E, area of 2,168 km2; Fig. 1),
situated in lower northeastern Thailand.
Phenological data, including period of
flowering, fruiting (classified as immature
to ripe stages) and fruit ripening, for 15
dominant non-fig food plant species were
collected in a 15 ha permanent plot where
1,154 trees of known hornbill food plants of

diameter at breast height (DBH) ≥ 10 cm
were tagged. The numbers of Great and
Wreathed Hornbill nesting and their
breeding success was recorded. In the nonbreeding season, when these two species
form flocks, we counted the number of
individuals in flocks at roosting sites at
weekly intervals. Rainfall data was obtained
from the Khao Yai Climate Station.
We analyzed data for correlations by
the Spearman Rank Order Correlation.

Figure 1. The location in Thailand of the study area (black square) in Khao Yai National Park.
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RESULTS
production varied from 2-8 crops over the
eight years 1996-2003, with a dehiscent
fruit species Dysoxylum cyrtobotryum and
an indehiscent fruit species Platea latifolia
producing the largest number of crops
(Table 1). Livistona speciosa provided ripe
fruit crops for the longest periods and
Beilschmiedia cf. villosa for the shortest
periods.
Cinammomum
subavenium
produced fruits supra-annually every third
year, during the period of the hornbill’s
breeding seasons (January-April).

LENGTH

OF REPRODUCTIVE CYCLE AND
PHENOLOGICAL PHASES OF FOCAL PLANT
SPECIES

The 15 non-fig species that were studied
included 11 species with indehiscent fruits
and 4 species with dehiscent fruits (Table 1).
The length of the reproductive cycle
(defined as the period from when flowers
were first found until all ripe fruit was
finished) was measured the same for all
species, whether with dehiscent and
indehiscent fruits (Table 1). Fruit

Table 1. Crops, cycle length (mean±S.D.) and phenological phases of 15 hornbill food plant
species recorded during 1996-2003 at Khao Yai National Park. (I) = Indehiscent fruit; (D) =
Dehiscent fruit; * important food plant during hornbill flocking.

Plant species
Aglaia lawii
(Wight) C.J. Saldanha (D)
Aglaia spectabilis
(Miq.) S.S. Jain & Bennet (D)
Beilschmiedia cf. maingayi Hook.f. (I)
Beilschmiedia cf. villosa Kosterm. (I)
Canarium euphyllum Kurz (I)*
Cinnamomum subavenium Miq. (I)
Cryptocarya cf. impressa Miq. (I)
Dysoxylum cyrtobotryum Miq. (D)
Horsfieldia glabra Warb. (D)
Livistona speciosa Kurz (I)*
Mastixia pentandra Blume (I)*
Phoebe cathia Kosterm. (I)*
Platea latifolia Blume (I)*
Polyalthia jucunda
Finet & Gagnep. (I)
Polyalthia viridis Craib (I)
Total

4

Reproductive
cycle (months)
Mean
range
11±1.0 10-12

Phenological phase (months)
Flowering
Fruiting
Ripe fruit
Mean
range
Mean
range
Mean
range
3±1.4
2-5
8±0.8
7-9
3±1.2
2-4

6

17±0.8

16-18

4±0.9

3-5

14±1.2

13-16

3±0.8

2-4

7
7
7
2
3
8
5
5
6
6
8
7

10±0.8
8±0.4
9±0.6
12
8
11±1.0
11±0.5
17±0.4
9±0.5
10±1.0
11±1.0
18±1.3

9-11
7-8
8-10
11-12
7-9
10-13
10-11
16-17
9-10
9-12
9-12
15-19

2±0.5
5±0.4
1±0.8
6
4
5±0.7
5±0.7
4±0.8
3±0.5
4±1.3
3±0.5
12±1.1

1-2
4-5
1-3
3-4
4-5
4-6
4-6
3-5
2-3
3-6
3-4
11-14

9±0.8
4±0.9
8±0.6
9
6
6±0.5
6±0.4
14±0.5
7±0.5
8±0.8
8±1.0
6±0.7

8-10
3-5
7-9
9
5-6
6-7
5-6
13-14
7-8
7-9
6-9
5-7

2±0.5
2±0.5
3±0.5
3
2
2±0.5
2
5±0.7
3±0.5
2±0.4
2±0.7
4±0.8

2-3
1-2
2-3
3
1-3
2-3
2
4-6
3-4
2-3
1-3
2-4

7
88

12±0.9
12±3.2

11-13
7-19

8±1.0
5±2.9

7-9
1-14

5±0.5
8±2.9

4-5
3-16

2±0.4
3±1.0

1-2
1-6

No.
crops

CORRELATION

CORRELATION

BETWEEN
MONTHLY
RAINFALL AND FOOD PLANT PHENOLOGY

BETWEEN
ANNUAL
HORNBILL LIFE CYCLE AND ABUNDANCE OF
RIPE FRUIT TREES

We found that the number of flowering
trees had a significant negative correlation
with rainfall (Fig. 2a), whereas the number
of fruiting trees (with immature and mature
fruit), and trees with ripe fruit were
positively correlated with rainfall (Figs. 2b
& c).

We found that Wreathed Hornbill nest
enclosure and breeding success were
significantly correlated with the abundance
of ripe fruit trees, but not for Great Hornbill
(Fig. 3). Different phases in the annual life
cycle of hornbills appeared to occur in
synchrony with the abundance of ripe fruit
trees. Ripe fruits of L. speciosa were
373

available from the late flocking season
(November) and extended into the middle
of the breeding season (March-April) (Fig.
4). The flocking of Wreathed Hornbills

showed a significant correlation with the
abundance of ripe fruit trees, particularly
Mastixia pentandra and P. latifolia (Figs. 5
& 6).

Figure 2. Correlation between monthly rainfall and number of individual flowering, fruiting
and ripening trees during 1996-2003 (x-axis) at Khao Yai National Park, Thailand.
1000

900

rainfall
flowering trees, r = -0.395, P < 0.001, n = 96
fruiting trees, r = 0.312, P = 0.002, n = 96
ripening trees, r = 0.355, P < 0.001, n = 96
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Figures 5-7. See end of paper.

DISCUSSION
In general, flowering of hornbill food plants
was stimulated by drought, and perhaps low
temperature as reported by Yasuda et al.
(1999)
for
several
species
of
Dipterocarpaceae in Peninsular Malaysia.
Only in 1998 and 2001 was the flowering
pattern unusual. This may also affect certain
species that have different seeding years,
particularly C. subavenium. Flowering,
fruiting and ripe fruit trees seemed to be
abundant in years following less fluctuating
rainfall.
The relationship between nest
enclosure, breeding success and flocking,
and the abundance of ripe fruit trees,
showed that Great Hornbill did not rely as
much on ripe fruit trees as did Wreathed
Hornbill. This could be due to different
feeding strategies, the Great Hornbill more

carnivorous and the Wreathed Hornbill
more frugivorous (Poonswad et al. 2004). C.
subavenium may influence hornbill
enclosure due to its abundant fruit
production, even if only every third year (K.
Plongmai per. obs). L. speciosa, M.
pentandra and Aglaia spp. may influence
and prolong the availability of the ripe fruit
crops important to hornbills in different
phases of their life cycles. P. viridis and P.
jucunda were reported formerly as the most
important non-fig fruit food of hornbills
during the post-fledging phase due to their
abundant fruit production, many crops and
relatively synchronous ripening (Poonswad
et al. 1998). Polyalthia is a large aggregate
fruit, its flowers dropping sepals and petals
in the wet season and the carpals then
entering a dormant stage until the dry
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No. of individual trees

1000

season arrives (Fig. 7). This species must
have been consumed rapidly since the ripefruit phase lasted very briefly (Table 1). Coevolution between fruits and their dispersal

agents may have influenced the length of
the ripe-fruit phase, ripening regimen,
synchronicity of ripening and fruit crop
production (McKey 1975).
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Figure 3. Correlation between number of ripe fruit trees, number of number of pairs imprisoned and
number of pairs breeding successfully during 1996-2003 at Khao Yai National Park, Thailand.
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Figure 4. Average number of flowering, fruiting and ripening tree during each
stage in the annual life cycle of hornbills at Khao Yai National Park, Thailand.
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Figure 5. Correlation between number of individual Great and Wreathed Hornbills joining flocks
and the abundance of ripe fruit trees during 1996-2003 at Khao Yai National Park, Thailand.
378

No. of individual hornbill flocking

160

120
W H flo ck ing (Jun-Dec)
M a stixia p en tan d ra
P ho eb e ca th ia
P la tea la tifo lia
C a n a rium eu p h yllum

No. of individual hornbill flocking

800

100

80
600
60
400
40

200

20

0

0
′96

′97

′98

′99

′00

′01

′02

′03

Figure 6. Correlation between number of individual Wreathed Hornbills joining flocks and the
abundance of selected ripe fruit species during 1996-2003 at Khao Yai National Park, Thailand.
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Figure 7. Number of individual trees flowering (solid circles) and fruiting (open circles)
during the 8-year observation period of 1996-2003 at Khao Yai National Park, Thailand.
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Effects of habitat alteration on hornbills and
frugivorous birds in tropical rainforests of India
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ABSTRACT
Raman, T. R. Shankar. 2007. Effects of habitat alteration on hornbills and frugivorous birds in tropical
rainforests of India. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and
their Habitats for Conservation, pp. 383-394. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
Hornbills and other frugivorous birds are key functional species of tropical forest ecosystems,
performing valuable services in seed dispersal and plant regeneration. Their dietary needs of a high
diversity of fruit and varied habitat requirements possibly make them good indicators of alterations to
tropical forest habitats. I examined the effects of several types of habitat alteration on hornbills and
frugivorous birds in tropical rainforests across India. This included several different landscape contexts:
1) a habitat mosaic of secondary successional sites (aged 1 to >100 years) resulting from slash-and-burn
shifting agriculture in Mizoram State of north-east India, 2) rainforest fragments (1–2,600 ha) amidst a
landscape of plantations in the Anamalai hills of southern India, and 3) a gradient of altered habitat
structure in shaded coffee and cardamom plantations amidst rainforests in the Anamalai and
Agasthyamalai hills of southern India. Data on hornbills and frugivorous birds was gathered on line
transect and point count surveys at each site, coupled with standard vegetation sampling for
measurement of habitat structural attributes. The number and abundance of frugivorous species
decreased with intensity of habitat alteration and increased in relation to fragment area, except in shadecoffee and cardamom plantations. Small-bodied frugivorous birds, especially some Pycnonotidae
bulbuls, were less affected by or even benefited from moderate habitat alteration. Large species, such as
Mountain Imperial Pigeon Ducula badia and hornbills, appeared to decline with habitat alteration.
Frugivorous birds thus appear to be useful indicators of habitat alteration, with the consequences of their
population declines on tropical forest dynamics yet to be explored.
* Author for correspondence: podocarp@vsnl.net

INTRODUCTION
Tropical
rainforest
landscapes
are
changing rapidly the world over. A range
of processes, such as deforestation,
conversion, fragmentation, and development, threaten a wide gamut of wild
species in many regions famed for their
biological diversity. Of these species, those
that need large home ranges and specific
dietary or breeding requirements may be
particularly susceptible to such threats.
Among birds, this includes species such as
hornbills and other frugivorous birds

whose dietary needs of a high diversity of
fruit and specialized habitat requirements
make them susceptible to human-induced
habitat alteration of tropical forest (Terborgh
& Winter 1980; Lambert 1992; Datta 1998;
Marsden & Pilgrim 2003). As these species
perform valuable services of seed dispersal,
thereby influencing forest regeneration, their
decline or local extinction may have serious
consequences for the functioning of tropical
forest ecosystems (Cordeiro & Howe 2001).
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included different landscapes such as: 1) a
mosaic of secondary successional forests
aged 1->100 years, resulting from slash-andburn shifting agriculture in Mizoram, 2)
rainforest fragments of 1–2,600 ha,
embedded within plantations in the
Anamalai hills, and 3) shaded coffee and
cardamom plantations, with altered habitat
structure in the midst of rainforests in the
Anamalai and Agasthyamalai hills.

It is necessary to document and understand
the effects of various forms of habitat
alteration on frugivorous bird populations
in order to devise potential conservation
strategies. I examined the influence of
alteration of tropical rainforests, due to
slash-and-burn
agriculture,
habitat
fragmentation and degradation, and
plantations, on frugivorous birds in two
biodiversity hotspots within India, the
Eastern Himalaya and Western Ghats. This

STUDY AREAS
(iii) 10-year fallow: sites abandoned after
cultivation ten years earlier,
(iv) 25-year fallow: sites abandoned after
cultivation 25 years earlier when village
was relocated to periphery of present-day
Dampa Tiger Reserve,
(v) 100-year fallow: sites in the vicinity of
an area where a village existed according
to historical records around 100 years
earlier, and
(vi) Primary rainforest: mature tropical
rainforest in an area that has not been
cleared for slash-and-burn agriculture.
Further details of the study sites are available
elsewhere (Raman et al. 1998; Raman 2001).

The data for this paper was gathered during
bird community studies carried out in
Dampa Tiger Reserve in Northeast India
and in two hill ranges of the Western Ghats
in southern India. While the former region
belongs to the Indo-Burma biodiversity
hotspot, the latter is in the Western GhatsSri Lanka hotspot (Mittermeier et al.
2004). Both regions have been recognized
as endemic bird areas (Stattersfield et al.
1998). The study areas and intensive study
sites selected within each area are
described below.
NORTH-EAST INDIA
Dampa Tiger Reserve, Mizoram (DTR,
23°20'-23°47'N, 92°15'-92°30'E; 500 km²;
250-1,100 m a.s.l.). The natural vegetation
of Dampa, receiving an average annual
rainfall of 2,150 mm, is tropical wet
evergreen forest. Shifting cultivation
fallows, where re-growth had occurred for
differing numbers of years since
abandonment, were compared with intact
mature forest within an elevational range
of 250–750 m a.s.l.. Two 500 m-long
transects were marked in each of six
successional strata, ranging from fallows
abandoned from 1 to 100 years earlier and
primary forest that had never been cleared
for agriculture (Plate 1, at end of paper):
(i) 1-year fallow: crop fields sampled one
year after being abandoned following
cultivation,
(ii) 5-year fallow: sites abandoned after
cultivation five years earlier,

WESTERN GHATS
Anamalai hills
Indira Gandhi Wildlife Sanctuary (IGWS,
10°12'-10°35'N, 76°49'-77°24'E; 958 km²),
and the Valparai plateau. The main
vegetation in the region, receiving >3,500
mm average annual rainfall, is mid-elevation
(900–1,500 m a.s.l.) tropical evergreen
forest, classified as being of the CulleniaMesua-Palaquium type. The Valparai area
has about 220 km² of tea, coffee, and
Eucalyptus tree plantations, within which are
40 rainforest fragments. Birds were sampled
in 13 rainforest fragments ranging in size
from 0.3-2,600 ha, including two relatively
large, undisturbed rainforests at low
(Varagaliar; <900 m a.s.l.; 2,000 ha) and
high (Iyerpadi-Akkamalai; >1,200 m a.s.l.;
2,600 ha). To explore the effects of forest
fragmentation within this range of fragment
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forests of the Agasthyamalai hills at the
southern end of the Western Ghats. The
following six strata and 13 sites were
selected for study:
(i) Cardamom plantations abandoned for 5
years (3 sites);
(ii) Cardamom plantation abandoned for 15
years (1 site);
(iii) Plantation-rainforest edges (2 sites, one
at the edge of the 5-year abandoned
plantations and the other between an
abandoned Eucalyptus plantation and
secondary rainforest vegetation at
Kakachi);
(iv) Logged forest (1 site, representing a
patch of forest that had been selectively
logged, probably at a low intensity),
and;
(v) Primary rainforest (6 sites distributed
over a comparable elevational gradient
in KMTR).
Details of the study site are available in
Raman and Sukumar (2002).

sizes, the larger fragments, being relatively
undisturbed within the IGWS, were taken
as reference or control sites (Raman &
Mudappa 2003).
In a subsequent study, to compare the
effects of plantations with those of
fragments, rainforest fragments, and shadecoffee and shade-cardamom plantations
were sampled on the Valparai plateau
(Plate 2). Four major strata were
considered for comparisons:
(i) shade-coffee plantations (5 sites),
(ii) shade-cardamom plantation (1 site),
(iii) rainforest fragments (7 sites ranging
in area from 18 to 200 ha), and
(iv) largest rainforest fragment (IyerpadiAkkamalai, 2,600 ha), as a control site
at a comparable elevation.
Further details about these sites are
available elsewhere (Raman 2006).
Agasthyamalai hills
Kalakad-Mundathurai
Tiger
Reserve
(KMTR, 8°25'-8°53'N, 77°10'-77°35'E;
895 km²) in the tropical wet evergreen

METHODS
about 25 point counts between February and
May 1998, with a total of >300 counts. In
the Anamalai hills, a total of 389 point
counts across 13 fragments were sampled in
2000, with relatively more samples in the
larger fragments. A further 381 point counts
were sampled during surveys in the shadecoffee/cardamom plantations and rainforest
sites in 2002. Each of the sites selected for
study during 2002 was sampled with 25-30
point count surveys. All sampling was
carried out during December-May, which
enabled me to record migrants and residents
at the study sites.

BIRD SURVEYS
At DTR, Mizoram, 12 fixed-width line
transects, 30 m wide, were used to sample
bird communities across the successional
gradient from open 1-year fallow to
primary rainforest. Transects were
surveyed during the first 2-3 hours after
sunrise while walking at a slow, uniform
pace to complete each 500 m long transect
in 50 minutes (Raman et al. 1998; Raman
2001). Each transect was surveyed 10
times between December 1994 and April
1995, the months spanning winter, with
altitudinal migrants, and summer, with the
onset of breeding among resident birds.
At the two sites in the Western
Ghats of southern India, IGWS and
KMTR, fixed-radius point counts of 50 m
radius were used to sample bird
communities (Raman 2003; Raman &
Mudappa 2003). Each of the 14 sites in the
Agasthyamalai hills was sampled with

VEGETATION SAMPLING
Standard vegetation sampling techniques
were used to quantify habitat variables along
each transect. At Mizoram, ten 100 m²
circular plots (of radius 5.6 m) were
sampled, spaced at 50 m intervals along each
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Vegetation variables measured at
each site were averaged across replicate
sample points or quadrats. Since many
variables were correlated across sites, we
used principal components analysis (PCA) to
summarize variation in the data-set and
identify sets of inter-correlated variables or
principal components (PC1, PC2, etc.). Each
PC, being orthogonal (uncorrelated) to the
others, was used as an index to represent
different attributes of the vegetation in
ordination and correlation analyses. Kendall
rank-order correlation coefficients were used
to identify vegetation and site variables
(represented by the PC scores) that
correlated significantly with the bird
variables (abundance and richness).
For analysis of the effects of shadecoffee and shade-cardamom plantations in
comparison with rainforest fragments and
one control site, we did not use correlation
analysis across a gradient as in the earlier
cases. Instead, abundance data from each of
the four strata (coffee, cardamom, fragment,
control) were used to derive an index of
preference for the habitat stratum, which I
called the deviation index. This index was
calculated as:

transect and around 10 m into the forest
interior from the transect line.
At the Western Ghats sites,
densities of trees greater than 30 cm girth
at breast height (GBH, measured as the
bole circumference at 1.3 m above the
ground) were estimated using the pointcentred quarter (PCQ) technique that
involved measuring the distance to the
centre (and GBH) of the bole of the nearest
tree in each of four quarters centred on the
sampling point (Krebs 1989). At each site,
15-25 point-centred quarter plots were
sampled. Additional measurements, taken
at 25 point locations spaced 25 m apart
along each transect, were: elevation (with
an altimeter), leaf-litter depth (litter probe
with 0.5 cm calibrations), canopy height
(rangefinder or visual estimation), canopy
cover (spherical densiometer reading), and
vertical stratification (presence or absence
of foliage at eight height intervals directly
above the observer: 0 – 1 m, 1 – 2 m, 2 – 4
m, 4 – 8 m, 8 – 16 m, 16 – 32 m, 32+ m).
ANALYSIS
The basic variables of interest were the
number and abundance of frugivore
species along each transect. For the linetransect data from DTR, the index of
abundance was the number of detections
along transects, taken over the 10 samples
along each line. To minimize bias due to
detectability across the six different
successional strata, only detections within
30 m on either side of the transect line
were used. The total number of species
was taken as the cumulative list of species
recorded on each transect over the duration
of the study. For the point count data from
the Western Ghats, a fixed-radius approach
was used to estimate bird densities, as this
was correlated to densities obtained using
variable radius methods with distance
estimation techniques (Raman 2003). The
cumulative list of frugivorous bird species
was again taken to represent the species
richness of each site.

Dij = (Obs xij - Exp xij)/(Obs xij + Exp xij)
where Obs xij = the average detections of the
species i across replicate sites in stratum j,
and Exp xij = (nj/N)*ni , where ni = number
of detections of species i, nj = number of
bird detections in stratum j, and N = total
number of detections. Values of the
deviation index ranged from -1 (avoidance)
to +1 (preference). Values ≤0.25 or ≥0.25
were considered to indicate significant
avoidance or usage of the habitat stratum,
respectively (Raman 2006).
Taxonomy and nomenclature of
Indian birds follows Grimmett et al. (1998)
and names of all species mentioned are listed
in the Appendix.
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RESULTS AND DISCUSSION
tree density, woody plant species richness,
and vertical stratification). PC2, accounting
for an additional 17.4% of the variance,
represented bamboo density. The bird
variables were strongly positively and
linearly correlated with PC1, suggesting that
frugivorous bird populations were tracking
vegetation recovery (Table 1, Fig. 1).
Abundances of individual frugivorous bird species also varied substantially
with succession. Rainforest birds, including
two species of hornbills, showed positive
correlations with PC1. Open forest birds,
such as Red-whiskered Bulbuls, showed a
negative correlation, indicating that they
benefited from the habitat alteration due to
shifting agriculture. Of the other bulbuls,
two occurred from 5- and 10-year fallows to
primary forest, whereas the Olive Bulbul
was more restricted to mature forests.

EFFECTS OF RAINFOREST SUCCESSION
FOLLOWING SHIFTING AGRICULTURE
There was a dramatic, nearly 5-fold
increase in the number and abundance of
frugivorous bird species along the
rainforest successional gradient from the 1year old fallow to primary forest (Fig. 1).
The pattern of increase was non-linear with
respect to the successional age of the
fallow, with primary forest assumed to be
300 years old. After 25 years of
succession, the number of frugivorous bird
species was almost as high as in primary
forest, although the abundance indices
were still distinctly lower. Vegetation
variables, also showing non-linear trends
with fallow age, were summarized into two
Principal Components (PCs, Table 1).
PC1, accounting for 75.4% of the variance,
represented woody plant variables (such as

Table 1. Relationships between species richness of frugivorous birds, their abundance indices
as detections, and the principal components of vegetation parameters that reflect successional
development of rainforest in Mizoram, northeast India (* indicates relationships significant at P
< 0.05. scientific names of species in Appendix).
Variable

Detections

Number of frugivorous bird species
Frugivorous bird abundance
Abundance of individual species
Ashy Bulbul
Asian Fairy Bluebird
Black-headed Bulbul
Black-hooded Oriole
Blue-eared Barbet
Blue-throated Barbet
Great Barbet
Great Hornbill
Indian Cuckoo
Maroon Oriole
Mountain Imperial Pigeon
Olive Bulbul
Oriental Pied Hornbill
Red-whiskered Bulbul
Thick-billed Green Pigeon
White-throated Bulbul

102
15
167
19
28
146
48
7
4
19
23
6
12
15
6
157
385

Kendall Correlation
PC1
PC2
0.72*
-0.25
0.88*
-0.18

0.56*
0.47*
0.40
-0.28
0.74*
0.76*
0.66*
0.60*
-0.33
0.73*
0.63*
0.46*
0.45*
-0.56*
0.06
0.82*

-0.20
0.06
0.15
0.24
-0.23
-0.12
-0.31
-0.35
0.11
-0.32
-0.67*
-0.13
-0.25
0.00
-0.18
-0.20

160

12

140

10

120
100

8
80
6
60
4

Abundance

Number of species

14

40
2

Richness = 1.39Ln(x) + 4.13 (R = 0.84)

2

2

20

Abundance = 22.68Ln(x) - 1.43 (R = 0.87)

0
0

50

100

150

200

250

0
300

14

160

12

140

10

120
100

8

80
6

60

4

40

2

20

0

0
0

1

2

Abundance

Number of species

Fallow age (years)

3

Successional development (PC1) --->

Figure 1. Relationships between frugivorous bird richness (as number of species, open circles,
dashed regression line), and abundance (solid circles and regression line), with fallow age of
vegetation (top) and the principal component for habitat structure of the rainforest (bottom).
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Number of species

In the Anamalai hills, the number and
abundance of frugivorous bird species
increased non-linearly with fragment area
and linearly with the logarithm of area
(Fig. 2). There appeared to be a threshold
of fragment size at 100 ha, below which
the number and abundance of frugivorous
bird species declined.
Individual species showed varied
responses in relation to fragmentation, with
none of them showing a significant
correlation with fragment area when other
variables, such as altitude and vegetation
components, were included in the
regression analysis. Almost all species,

12

10

10

8

8
6
6
4
4
2

2

0

0
10000

1

10

100

1000

Density (birds/ha)

from the Crimson-throated Barbet to Great
Hornbill occurred at least occasionally in
fragments >10 ha. Abundance of the openforest Red-whiskered Bulbul declined with
fragment area. As shown elsewhere (Raman
and Mudappa 2003), abundance of Malabar
Grey Hornbill declined with altitude and
increased with food-tree species richness.
Great Hornbill abundance increased with
food-tree species richness, suggesting that
maintenance of a high diversity of hornbill
food species in fragments is important for
their persistence. It is likely that the smaller
and less specialized Malabar Grey Hornbill
will survive in disturbed and fragmented
forest landscapes, while Great Hornbill is
more vulnerable to habitat alteration.

EFFECTS OF RAINFOREST
FRAGMENTATION

Fragment area (ha)
Figure 2. Relationship between area and frugivorous bird species richness (as number of
species, open circles, dashed regression line) and density (solid circles and regression line) in
the Anamalai hills, Western Ghats.

Correlation analysis showed that
frugivorous bird abundance was negatively
correlated with altitude (Kendall τ = -0.48, N
= 14, P < 0.05), as were the abundances of
Asian Fairy Bluebird and White-cheeked
Barbet. Asian Fairy Bluebird and Mountain
Imperial Pigeon showed positive correlations
with tree species richness, and Red-

EFFECTS OF PLANTATIONS
At KMTR, frugivorous bird species
richness and abundance did not show
substantial variation across sites. There
was a tendency for primary rainforest sites
to have fewer species and lower abundance
than edge and 15-year abandoned
cardamom plantation sites (Fig. 3).
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fragmented rainforest, individual species
were found to show varying degrees of
preference for the four major habitat strata
(Table 2). The moderate effects noticed were
probably a consequence of the retention of
the shade tree canopy layer with a mixture of
native and exotic species.

whiskered Bulbul a negative trend with
canopy height.
At the Anamalai hills, overall
species richness and abundance of
frugivorous birds did not vary significantly
between shade-coffee, shade-cardamom
plantation and rainforest sites. Although all
species persisted in the plantations with a
surrounding matrix of continuous or

160
140

5
15 y cardamom

120

Edge

4

100

Edge

3

80

Logged
5 y cardamom

Primary rainforest

60

2

Abundance

Number of species

6

40
1

20

0

0
-2

-1

0

1

2

Woody vegetation component (PC1)
Figure 3. Relationship between the woody component of habitat structure and frugivorous bird
species richness (as number of species, open circles) and abundance (solid circles) in the
Agasthyamalai hills. Ellipses, drawn by eye, encompass sites within a habitat stratum.

Table 2. Detections of frugivorous bird species and standardized deviations from expected
detections, based on sampling effort in the Anamalai hills. * indicates relationships significant
at P < 0.05.
Species
Asian Fairy Bluebird
Black Bulbul
Black-crested Bulbul
Crimson-fronted Barbet
Eurasian Golden Oriole
Hill Myna
Malabar Grey Hornbill
Pompadour Green Pigeon
Red-whiskered Bulbul
White-cheeked Barbet
Yellow-browed Bulbul

Detections
38
33
12
20
10
62
33
17
151
125
102

Control
0.18
0.57*
-1.00*
-1.00*
-1.00*
0.11
-1.00*
-0.22
-1.00*
0.10
0.34*
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Standardized deviations
Fragment Coffee Cardamom
-0.05
-0.71*
0.62*
0.10
-1.00*
-0.45*
0.23
-0.58*
0.02
-0.02
0.24
-1.00*
-0.44*
0.44*
-1.00*
-0.07
-0.19
0.48*
-0.01
0.19
-0.45*
-0.19
-0.14
0.63*
-0.18
0.33*
-0.60*
-0.02
0.03
-0.17
0.11
-0.64*
0.10

CONCLUSIONS
species such as the Red-whiskered Bulbul.
Correlative evidence suggests alteration of
the woody plant vegetation and habitat
structure as the main drivers of these
changes. The results suggest the need for
relatively large areas (>100 ha) for
frugivorous bird conservation. In addition,
incentives to promote relatively benign land
uses in the surrounding landscape matrix,
such as shade-coffee and shade-cardamom
plantations, can prove beneficial for
conservation efforts.

Frugivorous birds are susceptible to major
forms of habitat alteration, such as shifting
agriculture or fragmentation, but appear
fairly resilient in the face of the moderate
levels of alteration represented by shadecoffee and shade-cardamom plantations.
Typical forest bird species, including
hornbills, tend to decline substantially in
abundance in most cases, whereas smallbodied species, such as some bulbuls,
persist in altered sites, even increasing in
abundance in the case of open forest
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Appendix. Names of bird species mentioned in the text (following Grimmett et al. 1998)
Ashy Bulbul Hemixos flavala
Asian Fairy Bluebird Irena puella
Black Bulbul Hypsipetes leucocephalus
Black-crested Bulbul Pycnonotus melanicterus
Black-headed Bulbul Pynconotus atriceps
Black-hooded Oriole Oriolus xanthornus
Blue-eared Barbet Megalaima australis
Blue-throated Barbet Megalaima asiatica
Crimson-fronted Barbet Megalaima rubricapilla
Eurasian Golden Oriole Oriolus oriolus
Great Barbet Megalaima virens
Great Hornbill Buceros bicornis
Hill Myna Gracula religiosa
Indian Cuckoo Cuculus micropterus
Malabar Grey Hornbill Ocyceros griseus
Maroon Oriole Oriolus traillii
Mountain Imperial Pigeon Ducula badia
Olive Bulbul Iole virescens
Oriental Pied Hornbill Anthracoceros albirostris
Pompadour Green Pigeon Treron pompadora
Red-whiskered Bulbul Pycnonotus jocosus
Thick-billed Green Pigeon Treron
White-cheeked Barbet Megalaima viridis
White-throated Bulbul Alophoixus flaveolus
Yellow-browed Bulbul Iole indica
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Plate 1. Photographs of five of six successional strata sampled during the study (clockwise
from top left): 1-year fallow - weedy herbaceous vegetation and remnants of crops; 5-year
fallow - young bamboo (Melocanna bambusoides) forest; 10-year fallow - dense bamboo
forest; 100-year-old fallow - disturbed primary forest dominated by trees and shrubs; and
primary tropical rainforest - dominated by woody plants, with lianas, canes, and buttressed and
emergent trees. One 25-year old fallow site (old secondary forest with tall bamboo) was also
sampled.
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Plate 2: Habitat structure in degraded and relatively undisturbed rainforest fragment and shaded
plantations Western Ghats (clockwise from top left): landscape view; relatively undisturbed
rainforest; degraded rainforest fragment; shade-cardamom plantation; shade-coffee plantation.
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The Ground Hornbill Research and Conservation
Nonprofit Organisation
on Mabula
Nicholas T. THERON*, Ann TURNER & Dee DE WAAL
The Mabula Ground Hornbill Project, Mabula Game Reserve, Private Bag X1644, Bela Bela,
0480, Limpopo Province, South Africa. Email: project@ground-hornbill.org.za

Theron, N. T., Turner, A. & de Waal, D. 2007. The Ground Hornbill Research and Conservation
Nonprofit Organisation on Mabula. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of
Hornbills and their Habitats for Conservation, pp. 393-394. CD-ROM Proceedings of the 4th
International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists &
Nomads, Pretoria.

This Project has been actively managing the conservation of the declining Southern Ground
Hornbill Bucorvus leadbeateri in the Savannah biome of South Africa since 1999 by:
• harvesting the redundant second chicks from wild nests, hand-rearing them and
subsequently releasing them back into non-viable groups outside of protected areas.
o Second hatched chicks, which die of starvation, are harvested from wild nests in
the Kruger National Park, Limpopo, Eastern Cape, KwaZulu Natal and
Mpumalanga.
o The chicks are hand reared at Mabula Game Reserve. Chicks are reared in
silence, wearing disguises, to prevent habituation.
o Once the chicks fledge, at 86 days, they are released to augment non-viable, wild
groups so as to halt the decline of Southern Ground Hornbills in South Africa by
2010.
•

population studies and the development of a GIS Data base.
o Sightings of ground hornbills from around Southern Africa are sent to the
Project. All this information is entered into a database and from this information
groups are plotted, nests searches are organised and new groups found. All this
information leads to a better understanding of the population dynamics of this
species.

•

introducion of artificial nests where groups have lost theirs.
o In many parts of South Africa there is a lack of suitable nesting trees available
for Southern Ground Hornbills to nest in. Over the years, large trees have been
cut down, destroyed in fires or old trees simply collapse. The Project is
addressing this problem by building and supplying artificial nests to groups in
areas where their nests have been lost. By doing so it is hoped that these groups
will be encouraged to breed.

•

By a vigorous public awareness campaign to stop indirect poisoning, shooting for
window breaking and cultural medicinal uses.
o The Project has an active public awareness and education programme throughout
the country and overseas. The Project also produces posters and pamphlets that
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are handed out to community centres, landowners and schools around the
country.
o Time is also spent educating landowners about the importance of Southern
Ground Hornbills in the Savannah Biome. The Project addresses issues such as
poisoning, window breaking, cultural and medicinal uses.
•

By initiating a captive breeding programme in South Africa and overseas.
o In 2005 the first Southern Ground Hornbill chick successfully hatched in
captivity in south Africa emerged at Umgeni River Bird Park, in Durban.
o A captive chick was also hatched at Loskop Dam Nature Reserve and parentreared.

•

By a genetic study of Southern Ground Hornbills throughout their range.
o A genetic study is currently being co-ordinated by the National Zoological
Gardens, to determine if the Southern Ground Hornbills of South Africa are part
of a population that stretches far into Southern Africa, or if ground hornbills in
different areas are subspecies. This is extremely important for releases of
captive birds that originate from different parts of Africa.
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Coetzee, H. C. & Wilkinson, M. 2007. The cultural value of Africa’s two endemic ground hornbills
(genus Bucorvus). In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their
Habitats for Conservation, pp. 395. CD-ROM Proceedings of the 4th International Hornbill Conference,
Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

The objective of this poster is to review cultural aspects related to Africa’s two ground hornbill
species, the Northern (or Abyssinian) Ground Hornbill (NGH) Bucorvus abyssinicus and the
Southern Ground Hornbill (SGH) B. leadbeateri.
Cultural articles were divided into four categories and summarized as:
Category 1 - medicinal uses, where ground hornbills or parts of their bodies are used in the
traditional medicine or mute trade.
Category 2 - rituals and ceremonies related to ground hornbills, such as a) the NGH headdress
and b) the SGH drought ritual.
Category 3 - traditions and indigenous knowledge, including a) the NGH’s association with bad
luck or as bearer of evil omens, b) the SGH’s association with rain, thunder and drought,
c) the SGH’s association with good luck, calmness and dignity, d) the SGH’s
association with bad luck or as bearer of evil omens and e) the translation of the SGH’s
call by the Xhosa (Pondos) of the Eastern Cape.
Category 4 - songs, dances and musical instruments related to ground hornbills, such as a) the
Xhosa SGH song, b) the Venda SGH song, c) the Shona “Dendera jikwa” song, d) “The
Cry of the Ground Hornbill” dance, e) Xylophone use to imitate calls and f) African
drum use to imitate calls.
Our conclusion is that ground hornbills are birds of great cultural value to many of Africa’s
inhabitants and that hornbills, especially ground hornbills, should not be saved only on the
merit of their conservation status but also due to all their cultural aspects.
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‘Oxpecker’ ground hornbills: a new symbiotic
interaction between the Southern Ground
Hornbill and African Warthog
Hendri C. COETZEE
Esmeralda Hof 14, 30 Strydom Street, Baillie Park, 2531, South Africa. Email:
12894451@puk.ac.za

Coetzee, H. C. 2007. ‘Oxpecker’ ground hornbills: a new symbiotic interaction between the
Southern Ground Hornbill and African Warthog. In: Kemp, A. C. & Kemp, M. I. (eds). The
Active Management of Hornbills and their Habitats for Conservation, pp. 396. CD-ROM
Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela,
South Africa. Naturalists & Nomads, Pretoria.

This study documented a cleaning symbiosis between a group of Southern Ground
Hornbill Bucorvus leadbeateri and a group of African Warthog Phacochoerus
aethiopicus. Ten instances of symbiosis were observed at Mabula Private Game
Reserve (MPGR) between 2001 and 2002. The re-introduced group of hornbills at
MPGR was partially habituated, and followed daily from dawn until they roosted in
the evening. The warthogs were part of a wild group that occupied a home range
within the study area and always moved away at the first sight of humans. A distance
of 5-30 m was always kept from the hornbills, a pair of 10x50 binoculars was used for
observations, and a portable hide was erected so as not to disturb the warthogs.
The warthogs solicited 6/10 interactions, by walking up to the hornbills and
then lying down on their sides to be cleaned, and the hornbills only initiated 4/10
interactions. The warthogs preferred lying on their flanks in most interactions (8/10),
to sitting or standing. More cleaning occurred around the head and neck regions than
the posterior parts of the warthog’s body. Some adult warthogs tolerated the hornbills
probing in their ears and around the more delicate areas under their tails. The
hornbills never focused only on a single area of the warthog’s body, but moved
around the warthog in a circular pattern, pecking at anything that resembled food. It is
assumed that ticks, fleas and mites were mostly taken. In 7/10 of the interactions, two
or more birds concentrated on a single warthog. One-on-one interactions were only
observed between the older wild male bird that led the group and the dominant female
warthog in its group. The hornbills interacted more with adult female warthogs (7/10)
than with males (2/10) and immatures (1/10). Aggression was minimal and only once
did a female warthog chase a hornbill away from a piglet before lying down again. All
interactions were recorded between 12:00 hrs and 14:00 hrs in the afternoon during
the dry winter months, when arthropod food supplies were at their lowest, and never
during any other part of the day, or during summer when food was more abundant.
No evidence was found that this interaction occurs in other areas where
ground hornbills and warthogs co-exist, so the interaction may be simply a
phenomenon that evolved at Mabula as a result of mutual interspecific curiosity. The
quality and quantity of the food source for hornbills is too poor to guarantee a longterm stable relationship, but the behaviour may benefit the warthogs by temporarily
ridding them of unwanted ectoparasites.
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ABSTRACT
Englebrecht, D., de Waal, D., du Plooy, D., Theron, N., Turner, A. & Wilkinson, S. 2007. Growth curve
analysis of hand-reared Southern and Northern Ground Hornbill nestlings. In: Kemp, A. C. & Kemp, M.
I. (eds). The Active Management of Hornbills and their Habitats for Conservation, pp. 397-401. CDROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, Bela-Bela, South
Africa. Naturalists & Nomads, Pretoria.
We compared the increase in mass of seven Southern Ground Hornbill Bucorvus leadbeateri and four
Northern Ground Hornbill B. abyssinicus nestlings that were hand-eared at two facilities. The facilities
were the Ground Hornbill Research and Conservation Project based at Mabula Game Reserve, BelaBela. and the Umgeni River Bird Park, Durban. Logistic, Gompetz and Von Bertalanffy models for
growth analysis were applied to the data collected. The Gompetz model best described the growth of
Southern and Northern Ground Hornbill nestlings. Mean values of A = 3598.40 ± 512.70 (2655.50 –
4035.30) and K = 0.08 ± 0.02 (0.05-0.12) were calculated for Southern Ground Hornbill nestlings and
values of A = 2962.03 ± 464.63 (2612.60 – 3489.32) and K = 0.07 ± 0.02 (0.05 – 0.09) for Northern
Ground Hornbill nestlings. There was a significant difference (P<0.05) between the A values of the two
species. We also calculated the inflection point and t10-90 (time required for growth from 10 to 90% of
the asymptote). These results provide a basis for further studies on ground hornbill growth and will also
allow hand-rearing facilities to verify the growth of their ground hornbill nestlings.

INTRODUCTION
The decline in numbers of the Southern
Ground
Hornbill
(SGH)
Bucorvus
leadbeateri in South Africa has resulted in a
captive rearing programme by the Mabula
Ground Hornbill Research and Conservation
Project to augment hornbill numbers
(www.mabulagroundhornbillconservationpr
oject.org.za). However, captive breeding of
the species is notoriously difficult, with only
two records of pairs breeding in captivity in
South Africa. It remains to be seen,
therefore, if captive breeding will become a
viable option to augment wild populations of
the SGH. In contrast to the difficulties
experienced with captive breeding of the
SGH, the Northern Ground Hornbill (NGH)

B. abyssinicus breeds readily in captivity and
there are numerous records of successful
breeding from South Africa and elsewhere (S.
Wilkinson & A. Turner pers. comms).
Although several alternatives to
captive breeding exist, harvesting of secondhatched nestlings seems to be the most
feasible alternative (Kemp & Kemp 2007, this
volume, Kemp et al. this volume). Most SGH
clutches contain two eggs but usually only one
nestling survives. The second-hatched nestling
usually hatches 3-5 days after the first-hatched
nestling and is probably out-competed by its
older sibling. The second-hatched nestling
usually dies of starvation within a few days
after hatching (Kemp and Kemp 1980).
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protein, lipids, carbon and water, as well as the
relative sizes of the body organs, change
markedly during the course of growth
(Ricklefs 1968). Despite various factors that
may influence the mass of a growing
individual at any given time, such as food
availability, temperature, the time since last
feed or defecation, body mass remains the
most commonly used measure of growth. The
growth pattern of an organism results in a
growth curve that may be described
empirically by three parameters, namely
magnitude, form and rate.
The aim of the present study was to
compare the increase in mass of hand-reared
SGH and NGH nestlings from two facilities:
the
Ground
Hornbill
Research
and
Conservation Project (GHRCP) based at
Mabula Nature Reserve, Bela-Bela, and the
Umgeni River Bird Park (URBP), Durban.
Although both institutions are concerned with
the conservation of ground hornbills, they
differ with regard to their end-objectives. The
GHRCP’s objective is to hand-rear and
reintroduce the SGH into suitable areas or to
augment existing groups, whereas the URBP
is primarily involved in captive breeding for
educational and show/exhibition purposes.

During harvesting, the second-hatched
nestling is removed as early as possible after
hatching and hand-reared at a facility.
Nutritional conditions during key
periods of development, notably during early
development, are of immense importance in
determining the subsequent life-history
trajectory of an organism (Lindström 1999;
Metcalfe & Monaghan 2001). For example,
a shortage of nutrients can have severe longterm consequences for the organism’s fitness
later in life and even for its offspring. These
effects may include age at which maturity is
reached, adult body size, reproductive
output, adult dominance rank and life span,
to name but a few (Ricklefs 1968; Metcalfe
& Monaghan 2001; Remes & Martin 2002;
Metcalfe & Monaghan 2003). It is evident
that a nutritional setback and apparent
recovery may manifest itself only much later
in life. Knowledge of the diet, growth and
development of nestlings is therefore an
important aid in hand-rearing programmes
and also the success of subsequent
conservation efforts.
The growth of an organism is the
sum of many simultaneous processes. The
proportions of body constituents such as

METHODS
The increase in mass in grams of seven
SGHs (n = 5 from GHRCP; n = 2 from
URBP) and four NGHs (URBP) was
determined daily between 07:00-08:00 hrs
for the duration of the 83-85 day nestling
period. These data were then fitted to
Logistic, Gompertz and Von Bertalanffy
equations as growth models, to determine
which model best described the growth of
the nestlings. Since the Gompertz growth
curve best explained the increase in mass of
the ground hornbill nestlings, it was used in
all further discussions. The Gompertz curve
is written as:

coefficient, and b is a constant which
translates the time axis such that time t is
equal to zero at the inflection point. The mean
growth curve for each species was calculated
by obtaining the mean of the three different
parameters, i.e. A, b and K, for all the nestlings
for each species.
We determined if there was a
significant difference (P < 0.05) in the growth
rate of nestlings of the two species. We also
calculated the t10-90 for each species, the time
required for growth from 10 to 90% of the
asymptote. No attempt was made to assess
sex-linked or inter-institutional differences in
the growth rates. Curve fitting and estimation
of growth parameters were done using the
Statistica 7.0 software package.

W = A exp(-b exp(-Kt)),
where W is the mass of the nestling, A the
asymptote achieved, K is the growth
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= lnb/K) and the inverse index of the growth
rate, t10-90 were calculated (Table 1). The mean
Gompertz growth curves, for the increase in
mass of the SGH and NGH nestlings, is also
shown (Fig. 1)). Although there was no
significant difference in the values of the time
constant b and growth coefficient K for the
two species, there was a significant difference
(P = 0.04) between their asymptote values A.

SGH nestlings grew from a mean of 54.8±
S.D. 7.15 g (range: 47.2–66.0 g) on Day 1 to
a peak mass of 3488.3±460.9 g (range:
2482–3933 g) at fledging, whereas NGH
nestlings grew from 66.2±6.2 g (range: 57.774.7 g) to 2487.8±239.2 g (range: 2194–
2861 g). The values of the fitted parameters
obtained from the Gompertz growth
equations as well as the time to inflection (ti

Table 1. Growth parameters (A, K and b), time to inflection (ti) and the inverse index of the
growth rate (t10-90) of hand-reared Southern (SGH) and Northern Ground Hornbill (NGH)
nestlings. Mean±S.D., and range presented in parentheses.
A (g)
Species
SGH
3598.40±512.70
(2655.50–4035.30)
NGH
2962.03±464.63
(2612.60–3489.32)

K (day-1)
0.08±0.02
(0.05-0.12)
0.07±0.02
(0.05–0.09)

B
9.00±5.50
(4.70–19.80)
11.61±1.85
(9.97–13.62)

ti (days)
27.20±3.34
(23.81-32.26)
34.57±11.20
(27.49–47.48)

t10-90 (days)
42.82±10.71
(24.88–57.11)
43.22±11.27
(35.05–56.07)
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Figure 1. Mean Gompertz growth curves of hand-reared Southern (n = 7; red) and Northern
Ground Hornbills (n = 4; black).
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Southern Yellow-billed Hornbill Tockus
leucomelas
nestlings,
D.
Engelbrecht
unpublished data). Despite being considerably
smaller than ground hornbills, the similar
growth rate is interesting and may originate
from the similar cavity-nesting preferences of
hornbills. The growth rate is considerably
slower than for smaller open-nesting African
species
(Laughing
Dove
Streptopelia
senegalensis (K = 0.37), Desert Cisticola
Cisticola aridula (K = 0.34) and Kalahari
Scrub-robin Cercotrichas paena (K = 0.19),
D. Engelbrecht unpublished data).
Although the SGH achieved a
significantly higher (P = 0.04) mean
asymptote value A, when compared with the
NGH, there was no significant difference in
the growth rates of the two species. SGH
nestlings reached the point of inflection (i.e.
maximum growth rate) at the relatively early
age of 27 days, as opposed to the 35 days for
the NGH. This discrepancy was mostly
attributed to the relative slow growth rate (K =
0.055) and high asymptote value (A = 3489) of
one of the NGH nestlings. Despite these
differences, the t10-90 estimate was similar for
both species (Table 1).
It is well known that diet influences
growth rate (Metcalfe and Monaghan 2001).
Although the quantity of food consumed by
nestlings at the two facilities was similar, the
quality of the food differed. The diet of
nestlings at the GHRCP included a significant
proportion of natural items, such as wildcaught frogs, lizards, snakes and rodents,
whereas the diet of nestlings at the URBP
included prepared food such as chicken meat
and ox heart. The extent to which dietary
differences affected growth rate was unknown
and it is recommended that the quantity and
quality of the diet also be analysed in future
studies.

Captive breeding and reintroduction are
important management tools for endangered
species. Unfortunately, many of these
projects are expensive, have a high risk of
failure and are usually not properly
documented, making it very difficult to learn
from mistakes (Mathews et al. 2005). Our
aim was to describe the growth of SGH and
NGH nestlings by using mathematical
models. The results serve as a basis for
further research into growth curve analysis
of the species and also as a point of
reference for monitoring growth of ground
hornbill nestlings at organizations concerned
with their captive-breeding.
Understanding the growth and
development of hand-reared animals is
essential to avoid negative long-term fitness
consequences for the adult or its offspring
(Metcalfe & Monaghan 2001). Poor growth
of nestlings may also hamper future
conservation
efforts
if
hand-reared
individuals with poor fitness are released to
augment wild populations.
The growth curves of the SGHs and
NGHs best fitted the Gompertz equation but,
since this was the first study to report on the
growth of ground hornbills, it was not
possible to compare our results with
previous studies. Our results support
Ricklefs’ (1968) notion that large, slowgrowing species show a preponderance of
Gompertz and Von Bertalanffy-type growth
curves. The overall growth rates K of ground
hornbill nestlings were low (Table 1), but
fall within the range of values for similarsized birds with a similar nestling period,
such as the African Fish Eagle Haliaeetus
vocifer (K = 0.077; Sumba 1988). Cavitynesting species are also known to have a
slow growth rate (Ricklefs 1968) and a
growth rate (K = 0.08 for wild, parent-reared

CONCLUSIONS
Despite the small sample size, the data
provided valuable information on the growth
of captive SGHs and NGHs. The results
provide a base for future studies of inter- and

intra-specific, and sexual variation in the
growth of ground hornbill nestlings, in both
captivity and the wild.
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ARTIFICIAL NEST
CONSTRUCTION

Circular nestboxes, made of slabs of
mahogany Zwetinia macrophylla tree,
were nailed and glued together to make
a hollow circular nestbox mimicking the
natural nest hole in the wild. The height
was 1.5 m and the inside diameter
37 cm respectively (for hornbills of the
average Aceros size), for ventilation and
easy movement of the female inside,
especially when there are hatchlings.

Softwood Ciba pentandra, known
locally as doldol, was attached as
lining of the hardwood surface, with
nicks on the surface, to allow the
female to modify the nestbox and to
provide an ‘escape ladder’ for the
nest occupants.

The edges of the hole were nicked
and padded to allow the female to make
modifications and for easy sealing. The
entrance hole was 11 cm wide and 20 cm
in height, just enough for the female to
squeeze in, although one female A.
waldeni was able to squeeze in when the
nest opening was half-sealed to leave an
entrance only 5 cm wide and 16 cm high.

Detail of the peep hole
from inside

The distance from the lower end
of the entrance hole to the base of
the box was 27 cm. The height of
the peep hole was 22 cm from the
base of the box and 3cm from the
lower end of the entrance hole.
Wood chips, dried moss and other
nest lining materials were placed
up to the lower edge of the peep
hole. The female made her own
adjustment on how thick she
wants the lining during laying ,
incubation and brooding.

Another modification on the nestbox
was made by placing a 50 cm high cap,
made of wood slabs, over the main nest
box body that measured 1 m high. The
cap allowed easy cleaning and repair of
the nest box during the non-breeding
season and preparation of the nest box
prior to breeding.

The nestbox was hoisted up and placed on a
platform that was supported by wooden posts 2-4
m above the ground. The entrance hole was
positioned to face away from the direction of the
public viewing area.

The gaps between wood slabs were filled with
sawdust mixed with glue and mud. This plaster
prevented light from coming through the gaps
and limits fluctuations of inside temperature.

Nest visitation was observed mostly in the late morning, when mating also occurs
more frequently. Some females lined the nest with small sticks and leaves.
Pre-sealing behavior of the female included entering the nest, throwing out
excess amounts of nest lining and making nicks on the interior softwood.
The male had minimal participation in sealing, but once the female was inside and
doing sealing, prior to breeding, the male started to provide food.

Nestbox design and modifications
further enhance reproduction by
providing a secure environment
conducive to laying, incubation and
brooding.
Knowledge of breeding events will
further enhance captive breeding
management .
Nest box design that is found suitable
in captivity could be used in artificial
nest box provisioning in the wild where
the nesting trees are lacking,
specifically in secondary growth
forests.
Protection of hornbill species in the
wild could be improved by focusing
protection efforts on the phases of the
breeding period in which the birds are
very vulnerable to predation, such as
by nest-poaching.

ZGAP
Photos and layout by P.Hospodarsky

Individual Development of

Visayan Tarictic Hornbill Penelopides p. panini
Nestling male

Fledgling female

26-day postSexual dimorphism is obvious in
fledging female nestlings resembling their same-sex
parents. Nestling iris color is deep blue,
but after fledging turns pale grayish
blue. Circumorbital and facial skin color
at fledging is white in both sexes then,
by 26 days post-fledging, circumorbital
skin starts to turn blue in the female
(left).

Newly-fledged birds of both
sexes have dull black feathers on
the wings and tail, penciled
around the edges with rufous,
and females have some portion of
rufous feathers at the base of the
tail, extending to the lower back
and abdomen, but can be highly
variable (left). At 1-year old, the
rufous penciling is replaced by
glossy black feathers with olive
green sheen, typical of adult
plumage (right).
Adult male

juvenile male

Juvenile females

Adult female

A case of aberrant plumage development observed in one P.p.panini

This bird came as
At 1-month post-fledging
a nestling
the circumorbital skin turned from
exhibiting male
white to cobalt blue, followed by
plumage.
moult to the female plumage.

At 1-year old, the
plumage had completely
changed to full female
plumage.

Age profile and reproductive characteristics of the captive population of Visayan Tarictic Hornbill P. p. panini at Mari-it CP
Pair number
(All birds born
in 1998)

Estimated age in
years at first
mating/laying

Estimated age in years
at first successful
fledging of young

Number of offspring fledged by breeding season

2002

1

2

3

4

5

4

5

5

6

5

6

4

Failed to hatch first
clutch laid
5

none

5

6

5

6

3

4

3

4

4

5

4

5

5

Observed to mate but
failed to lay egg

4

4

5

6

7

5

none

2003

2004

1
(died later
due to
injury)

Total offspring
fledged as
of 2005

2005

1

1

3

2

Died while
incubating
4 eggs

2

Failed to
hatch a
clutch of 2
eggs

Failed to
hatch a
clutch of
3 eggs

Failed to
hatch

none

none

none

2

1

3

1

none

2

4

7

none

1

Failed to
hatch on
2 eggs

1

2

none

none

none

none

none

none

none

Details of facial skin, iris and bill development observed at different ages on six different females (a, b, c, d, e & f)
a
12 weeks
a
Fledging
a
10 weeks

b

3 months

b

c

10 months

a

e

30 months

d

5 months

a

7 months

18 months

d

21 months

42 months

f

7 years

5 months

At the age of 5-7 months, a few
grooves are found, usually on the
upper mandible, but can be highly
variable between some birds.
At 6 months post-fledging, the iris
color usually deepens to the dark
amber that persisted into adulthood.
Two juvenile male siblings exhibited
aberrant development of iris colour
(left), probably caused by being
housed in an aviary without sunlight.

.

6 months

7 months

The pictures below show variability with age in the bill of adult male P.p.panini (6-years-old
males are shown in (1) and (4a), 7.5-years-old males are depicted in (2), (3) and (4b)).
It is suggested that the depth of grooves can be used as a reliable estimate of age up to 2
years old, becomes less reliable at older ages, but there are indications that older birds can
be distinguished by deeper and more compressed grooves on the lower mandible

1

Pictures (4a) and (4b) show changes on the bill of
the same adult male over a 1.5-year time period.
6 years old male, and the same individual below

4a

2

7.5 years old, the grooves on thelower mandible deepened

3

6 years

4b

Body measurements of Visayan tarictic hornbill P. p. panini
Sex

Male
n=5

Female
n = 11

Juvenile Male
5-7 months old
n= 4

Juvenile Female
5-7 months old
n= 4

Juvenile M/F
(aberrant)
6 months old

Body Parts
Bill
(mm)

Tarsus
(mm)

Tail
(mm)

Wing
(mm)

Weight
(g)

Mean

96.4

46.4

227.4

259.8

637

SD

4.6

8.9

2.6

6.6

42

Range

92-104

39-57

225-231

227265

580-690

Mean

78.9

45.8

220.7

256

530

SD

5.4

9.4

24.0

5.7

35

Range

72-86

29-55

207-291

244260

488-600

Mean

87.8

53

214.8

257.5

552

SD

4.9

2

10.3

7.2

73

Range

85-95

52-56

208-230

252268

487-648

Mean

78.8

52.5

211.3

244.8

478

SD

4.5

1

4.1

4.1

43

Range

75-85

52-54

206-215

240250

435-530

80

50

205

244

385

4a 6 years f

8 months

ZGAP

6 years

b 5months

Photos by P. Hospodarsky and R. Axelsson

Individual Development of

Visayan Writhed Hornbill Aceros waldeni
X
X

Iris color of the nestling is deep blue
This nestling, like many others, was poached together with it’s
mother from the Central Panay Mountain range, confiscated by
a DENR officer and turned over to the Park . Poaching, together
with habitat loss, has caused this species to be one of the most
endangered hornbills in the world. Although this species is
unfortunate to have a small population in the wild, fortunately
the largest and only known population in captivity is being held
in one place – at Mari-it Conservation Park. This gives us a
great opportunity to do quantitative and qualitative observations
on individual development and to correlate changes in facial
skin and bill coloration with the age and breeding activities of
the focal specimens.

Estimated age 40- 45 days

male

W

M

W

12 weeks post-fledging

There is an absence of sexual dimorphism
evident at the time of fledging.
All fledglings exhibit male-like plumage,
characterized by pale yellow naked facial
skin and dull rufous head and neck feathers.
The iris color at the time of fledging
became pale blue, but dark blue still
rings the pupil of the eye
A dark patch on the base of the casque
was noted in one of the fledglings
that turned out to be a female.

At around 25 days post-fledging,
sexual dimorphism starts with a
change in the color of the naked
facial skin, while the neck and
head feathers remain rufous, but at
this age molting of the head and
neck feathers starts.
In the male, the pale yellow naked
facial skin color intensifies to saffron
yellow.
In the female a tinge of azure blue
develops at the base of the gular
pouch.

Each picture of an individuals on
this poster has a specific symbol,
so as to recognize the same
individual in the other pictures and
show its different stages with age,
because individual variability
occurs.
At 3 months after fledging, the
female had the black head and neck
feathers of an adult female, except
for the rufous tufts still visible on
the top of the head and lower neck.

female

G

G

G

W

W

2 weeks post-fledging

7 weeks post-fledging

X

10 weeks post-fledging

At about two months post-fledging, the color of the iris became milky white, then pale brown and at three months postfledging had turned to light amber.

Development of the iris colour and bill (casque, grooves),
observed closely in the male.
At four months post-fledging, in the male, the first groove on the lower
mandible appeared, deepened and turned dark in colour, while the first
wrinkles on the casque started to be visible
13 weeks post-fledging

24 weeks post-fledging

16 weeks post-fledging

Z

Using flash caused the colour of the
bare facial skin to appear very light, but
on the other hand it does show the
actual coloration of the iris in this age.
It can be seen that the iris colour is still
light brown but that dark amber already
rings the pupil of the eye.

L

M

17-month old male. The tip of the bill has
turned glossy pink; the first grooves on the
lower mandible are very visible although
these are not deeply lined yet. The iris
colour already that of an adult.

The pictures below show all eight adult and sub adult males that had pairs in the
2005 breeding season. The number printed on their gular pouch matches the
number on their female mate. Their estimated ages and observed breeding
activities in the 2005 breeding season are shown in Table 1.

X

4

1

5

3

2

6

7
8

Table 1. Age profile and observed breeding activity of paired Visayan Writhed Hornbills A. waldeni
at the Mari-it Conservation Park in the 2005 breeding season.
Picture of
male/female
numbered:

Estimated
age in years
in 2005

Male 1

3 (born 2002)

Female 1

Adult1/

Male 2

5 (born 2000)

Female 2

6 (born 1999)

Male 3

3 (born 2002)

Female 3

4 (born 2001)

Male 4

3 (born 2002)

Female 4

3 (born2002)

Male 5

4 (born 2001)

Female 5

4 (born 2001)

Male 6

5 (born 2000)

Female 6

Female Adult4/

Male 7

8 (born 1997)

Female 7

11 (born 1994)

Male 8

7 (born 1998)

Female 8

Female Adult5/

1/
2/
3/
4/
5/

Breeding attempts
2005
None

Successfully reared young
Previous
None

-

Observed mating and
on 26.01.05 female sealed in

2004, entered nest box and
pecking inside

No, 2 eggs were broken and
discarded from nest box2/

Entered the nest box for a short
period and pecking inside

None

-

Courtship and interested in nest
box

None

-

Observed mating and visiting
nest box

None

No, the female died 3/

Observed mating and started
sealing, but stopped

2004 entered nest box for short
period

No, the female did not
continue sealing

Observed mating and on
7.01.05 female sealed in

2003 entrance half-sealed; 2004
fully sealed but failed to hatch

Yes, in 2005 breeding season
1 fledged

Observed mating and on
10.03.05 female sealed in

2004 entered nest box for short
period

Yes, in 2005 breeding season
2 fledged

Came from the wild as adult in 2004, poached from the nest together with young.
Laid the first egg on 12 January and second egg 16 January 2005. Both eggs were broken. Stay sealed inside the nest box for 92 days.
Died 6 March 2005 due to infection, after inspecting nest box the previous day.
Came from the wild as an adult on 2 June 2001, poached from the nest together with the young.
Came from the wild as adult on 4 August 2000, injured by a neck trap made of bamboo.

Female, 16-weeks post-fledging, the feathers
on the head and neck completely moulted to
black, the first groove on the lower mandible
becoming visible and iris colour light amber.

The pictures below show details of the head of eight females, with a number
printed on their neck that matches those of their male mates. Their estimated
ages and observed breeding activities in 2005 breeding season as shown in
Table 1.

G

4

3

5

2

7

6

1

8

4a

4a

Detailed pictures of each side of the head of female no.4,
taken at different times (4a - April 2004, 4b - July 2004, 4c October 2005), show that although the size and shape of
the blue tinge on the gular pouch do not change in time ,
the grooves on the bill are gradually added and change in
shape as the bird gets older.
[The light yellow colour of the bare facial skin in 4c was
caused by using the flash from a short distance when the
pictures were taken.]
taken.]

4b

4b

4c

4c

Observed changes on the
facial skin colour of the
breeding female:

7a

On the left are pictures (7a and 1a)
that show the dark blue facial skin
colour of the females after they
had emerged from the nest cavity.

7b
On the right are pictures of the
same females one year before (7b)
and one year after (1b) the pictures
on the left were taken.

1a

The shade of blue in pictures on the
right (7b and 1b) is the usual facial
skin colour that females display
for most of the year.

1b

Body measurements of the Visayan writhed hornbill
Aceros waldeni
Sex

Males
n=7

Females
n=4

Juvenile males
8-9 months old
n=3

Body measurements
Bill

Tarsus

Tail

Wing

(mm)

(mm)

(mm)

(mm)

Mass
(g)

Mean

125.1

57.43

260.8

380.4

1,227

SD

4.95

1.51

9.81

5.09

104

Range

120132

56-59

245272

370385

1,072-1,337

Mean

106.2

54.25

235

334.5

1,070

SD

3.78

2.63

4.08

5.75

67

Range

101109

52-57

230235

327335

995-1,147

Mean

107.2

66.33

232.3

331

961

SD

3.21

10.02

9.07

8.72

40

55-74

224242

321337

915-987

-

-

657.5

Range

Fledgling
female
n=1

105111
95.5

63

8

3

16 weeks post-fledging

L
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The successful breeding of Great Indian Hornbills
Buceros bicornis at Dublin Zoo in 2004
Bernie McDONNELL*
Dublin Zoo, Dublin, Ireland

ABSTRACT
McDonnell, B. 2007. The successful breeding of Great Indian Hornbills Buceros bicornis at Dublin Zoo
in 2004. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats
for Conservation, pp. 426-442. CD-ROM Proceedings of the 4th International Hornbill Conference,
Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.
In the spring of 2004, our resident pair of Great Indian Hornbills Buceros bicornis at Dublin Zoo nested
for the first time and successfully hatched and fledged two chicks. Our male hornbill ‘Axi’ may be the
first hand-reared captive-bred Great Indian Hornbill ever to successfully rear chicks independently. This
is an important result as questions have been raised in the past as to whether hand raising of Great Indian
Hornbills was appropriate. This report has compiled data and observations recorded prior to and during
rearing of the chicks.
*Author for correspondence: keeper@dublinzoo.ie

INTRODUCTION
In the spring of 2004, our resident pair of
Great Indian Hornbills Buceros bicornis at
Dublin Zoo nested for the first time and
successfully hatched and fledged two chicks.
The following report has been compiled
from data and observations recorded prior to
and during the parent rearing of the chicks.
Our male hornbill ‘Axi’ was
introduced into Dublin Zoo in 1995, at
roughly 19 months of age. He was hatched
at Rostock Zoo in Germany in March 1993
where, due to unknown circumstances, he
had to be hand raised by the staff. Our
female hornbill, ‘Anya’, arrived into our
collection in 1997. She was acquired from
Novosibirskii Zoo in Russia, where she had
been housed for 12 years, but we have no
other history of her background other than
that she was taken from the wild. Her
estimated age on arrival at Dublin Zoo was
20 years old.
Our pair of hornbills was together in
Dunlin Zoo for nearly 9 years before they

showed any signs of going to nest. Although
the female had shown interest in nesting
during this time, our male did not respond to
any of her ‘advances’, so that at one stage it
was recommended that he should be
exchanged for another male. Because our
female was an ageing bird, we felt that time
might be against her if we left things as they
were, but we were delighted to be proven
wrong when, in 2004, the male, for the first
time, began to display courtship behaviour.
BACKGROUND

INFORMATION ON

BUCEROS

BICORNIS

Description: The largest of the forest
dwelling Asian hornbills and has the widest
range. Exact numbers in the wild are
unknown, but it is disappearing from some
of its range. The reasons for this are
destruction of habitat and hunting (for food
and medicine). Without intervention this
species faces serious threats and is currently
listed on the Endangered Species Breeding
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Programme. Status: Threatened. Range:
found in India, South-western China,
Bangladesh, Western Ghats of India,
Thailand, Mainland Southeast Asia,
Malaysian peninsula and Sumatra. Habitat:
inhabits the canopy of tall evergreen forests
ranging up to 2,000 m a.s.l. Diet: feeds
primarily on fruit, 60% of which is various
varieties of fig, and also hunts small
animals, snakes, lizards, bird nestlings,
beetles and other insects. Never observed
drinking water. Social structure: normally
monogamous, but more research needs to be
carried out to confirm this. Outside the
breeding season they can live in flocks of up
to 40 individuals. Lifespan: 30 – 40 years.
Breeding and life cycle: nesting cycle of
about 113-140 days: 1-4 days pre-laying,
38-40 days incubation, 72-96 days nestling
period, female emerges 14-59 days before
fledging of chick. Nesting season in the wild
starts in the dry season, the chicks emerge

from the nest during the monsoon season.
(January - April). In captivity the nesting
season usually runs from December - June.
The female seals into the nesting cavity
using faeces, wood chippings and food
matter. Most of the entrance is sealed, but
for a small slit that allows the male to fit his
beak through when feeding the female and
chick(s). One, two or occasionally three
eggs are laid and the female remains in the
nest for about 12 weeks. After this time, she
breaks the seal from the entrance and
emerges from the nest. The chick(s) then
reseal the entrance and remain in the nest for
about another 4 weeks. In the wild, usually
only one chick fledges and the weaker of the
two does not normally survive. However, in
captivity, some pairs have successfully
reared two chicks and this might be
attributed to the regular supply of food in a
captive environment.

DUBLIN ZOO'S TROPICAL BIRDHOUSE
The Roberts House at Dublin Zoo, the
tropical birdhouse, was converted from the
old Lion House in the 1970s to the present
day birdhouse. It is one of the oldest
buildings in Dublin Zoo, being constructed
in the Victorian era of the 19th century.
The hornbills were housed at the
lower end of the birdhouse. Their exhibit
was rectangular and constructed using 1inch wire mesh (Plate 1; see Appendix 1 for
layout and dimensions). Although they were
exposed from the front and each side of their
exhibit, members of the public could only
view them from the front, where there was a
standoff barrier at approximately 1.5 m. On
either side of their exhibit there were open
aviaries occupied by numerous species of
soft- and hard-bills also found in Asia. The
exhibit itself was well planted with various
shrubs and one well-established fig tree.
Furnishings include wooden perches (some
of the perches, for mating purposes, well
secured to avoid any movement), rope
perches and some logs around the floor area,

while the substrate was made up of bark and
chippings. Although they do not have access
to a pond, there was a misting system within
the house that came on once a day for about
15-30 min, depending on the season. The
average daily house temperature was 18°C,
and average humidity was 70%.

Plate 1. Dublin Zoo’s hornbill exhibit and
nesting site.
427

INTRODUCTION

at the rear of the exhibit, which we felt to be
the best location as it was the furthest point
from public view and interaction (Plate 2;
Appendix 1). From the offset, the female
preferred the whiskey barrel rather than the
natural log.

OF HORNBILLS INTO THE

BIRDHOUSE

The male was introduced to the exhibit in
the birdhouse in the spring of 1996. Due to
his rearing circumstances, he tended to
linger around the keeping staff when they
entered his exhibit or walked around its
perimeter. We felt that, because he was
imprinted on humans, the process of
introducing him to a mate would be difficult
and so, in anticipation of a pairing, we kept
human contact to a minimum prior to
introduction of the female.
During this period, the lack of
human contact proved to be a difficult
transition for the male. He became quite
frustrated and aggressive towards the
keeping staff and, because of this, it was
necessary to increase safety awareness when
entering his exhibit. For a time, hard hats
and goggles were required as he made
several attempts to swoop at keepers.
However, over the months that followed, his
aggression subsided and he gradually grew
more independent.
In the summer of 1997, the female
was introduced to the birdhouse. She was
put in a holding area at the rear of the male’s
exhibit, where they had visual contact with
one another, and to our surprise they took to
each other almost immediately.
Over the following days interaction
was observed and it was decided to
introduce the two. The door dividing the pair
was left open to allow the female to enter
the hornbill exhibit at her leisure, which she
did almost straight away! The introduction
could not have gone better as they appeared
to settle together immediately. No
aggression was noted between the two and
within days the male was observed feeding
fruit to the female.

Plate 2. Dublin Zoo’s 90 cm tall nesting
barrel.
In December 1997, the female was
noted plastering the entrance to the whiskey
barrel. In the days that followed, she was
observed to enter and exit the barrel on
numerous occasions and this behaviour
continued throughout the summer months.
Although the male was still interacting with
the female, feeding her fruit and perching
beside her, no courtship behaviours were
observed. However, as he was still only 4.5
years of age, this was not an immediate
concern since Great Indian Hornbills do not
reach sexual maturity until between five and
eight years of age.

BEHAVIOURAL DEVELOPMENT AND
HUSBANDRY
Season I (December 1997 – April 1998)
From the start, the female showed strong
signs of nesting behaviour. We gave her a
choice of two nesting sites in the exhibit,
one an old whiskey barrel and the second a
natural hollow tree log. Both were situated

Season II (December 1998 – April 1999)
In early winter, the female showed similar
signs of nesting behaviour. Once again, she
began to enter and exit the barrel, and she
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figs, fruits and berries in season. A
new vitamin supplement, MVS 30,
was sprinkled liberally over the main
fruit feed (see Appendix 2 for diet
sheets),
d) to increase misting within the exhibit in
spring and summer from every
second day to 0.5 hr daily, to raise
the humidity within the house,
e) to offer different materials on dishes
around the exhibit to encourage more
plastering, including modelling clay,
donkey and horse droppings, mashed
fruit, and even dough,
f) to introduce extra feeding platforms so
that the members of the pair could
feed individually, since the male
tended to dominate proceedings at
feeding time.

also made attempts to plaster the cavity
entrance. At this stage, one of our concerns
was that the material she was using to
plaster, which appeared to be mostly faeces
and banana, was not adhering to the entrance
of the barrel. It was decided to attach a
plaited rope around the edge of the entrance
hole, in the hope that this would help the
material to stick better. Unfortunately, the
addition of the rope appeared to frustrate the
female. Most of her efforts were now spent
trying to pull the rope away from the barrel,
and the new foreign object at her nesting site
upset her for a while and diverted her focus
from the barrel to the nest log. However,
only poor attempts were ever made to
plaster the entrance of the log and she was
never observed to enter its cavity. It was
decided to leave things as they were for this
season, as we did not want to cause the
hornbills any more upset, but the rope was
removed from the barrel at the end of the
summer.

Season V (December 2001 – April 2000)
Because none of the stimulants
appeared to provoke any response from the
male, he was removed from the exhibit in
the winter of 2001. It was hoped that being
separated from the female for a few weeks,
with no visual or vocal contact, would
stimulate him to mate. However, after a
couple of weeks, the male began to display
his old habits of imprinted behaviour, such
as offering fruit to keepers. When he was
introduced back to the exhibit, he behaved
aggressively towards the female, but not to a
degree that it was felt she was in danger.
After a couple of days, the pair settled back
to normal but no courtship behaviours were
observed that year.

Seasons III and IV (December 1999 –
April 2000 and December 2000 – April
2001)
In the winters of 1999 and 2000, the same
patterns took place as in the previous
seasons. The female would show strong
signs of nesting from early winter until late
spring, but the male showed no obvious
response. Although many stimuli were
employed to provoke some response from
the male, neither courtship displays nor
attempted mating were observed over this
period.
Some of these stimulants included:
a) to remove the pair from the exhibit in the
late autumn months to refurbish their
surroundings, usually in November
or December, for about four weeks,
and a few weeks prior to the start of
the hornbill nesting season,
b) to change the substrate in the barrel at the
start of each season, trying shavings,
peat moss and bark chips,
c) to alter diets during the summer months
and include a higher protein intake
using mealworms, locusts, baby mice
(pinkies), eggs and cheese, as well as

Season VI (December 2002 - April 2003)
At the end of 2002 it was planned to
leave things as they were and not remove the
hornbills temporarily from their exhibit that
season. However, by December, many of the
perches had fallen down and heavy pruning
was required on plants within the exhibit.
For the safety of the keepers and to reduce
the amount of stress incurred by the
hornbills, we decided to remove them from
their exhibit. This was unfortunate but
necessary and 2003 proved to be another
‘fruitless’ year. It was decided that in future
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Because the hornbills were showing
definite signs of nesting, Wayne McLeod at
Chester Zoo’s bird department was
contacted, as they had successfully fledged
one parent-reared Great Indian Hornbill
chick over each of the previous two years.
He provided information regarding nest box
dimensions and dietary supplements that
were used at Chester Zoo during the nesting
and post-hatching period of their hornbills.
It was immediately obvious that our
nest box dimensions differed greatly from
those of Chester Zoo (Plates 2 & 3;
Appendix 3). One of the most notable
differences was the distance from the base
of the barrel to the lower edge of the
entrance hole, 9 cm in Chester Zoo’s nest
box and 46 cm at Dublin Zoo. Chester Zoo
recommended that this distance needed to be
altered, since the female or older chicks
would not be able to defecate out of the
barrel. It also suggested changing the base of
the barrel from flat to curved to ensure
proper incubation of the eggs by the female.

any husbandry maintenance should be
carried out during the late autumn months,
well outside the breeding season.
Season VII (December 2003 – April 2004)
Early winter of 2004 did not seem to bring
any change in the routine behaviour of our
hornbills. In December, the female started to
show interest in the nesting barrel and the
male appeared to remain oblivious to it all.
It also appeared that the hornbills would
have to be removed from their exhibit again,
since the sprinkler system in the birdhouse
was badly in need of repair and most of the
birds within the birdhouse would have to be
removed temporarily to carry out the
necessary works. The repairs were due to
start in February and the time scale involved
was uncertain but, because this would
coincide with the middle of the hornbills
nesting season, no nesting activity was
anticipated for 2004.
However, on the morning of 11
January, unfamiliar squealing sounds were
heard coming from the hornbill exhibit.
From the keepers’ service area it was
possible to watch the two hornbills without
their knowing. They were perched side-byside and were clapping their beaks together
in quick succession. This behaviour had
been noted before but was more intense than
any previous exchanges between the pair.
The squealing sound was coming from the
female and this vocalisation had never been
heard from her since her arrival at the Zoo.
After this, the male began to hop
back and forth on either side of the female
as she squatted on the perch and then the
squealing intensified and he mounted her.
From start to finish, the courtship display
and copulation only lasted a few minutes.
Over the next couple of weeks, several
copulations were observed and there was
also a notable change in the male’s
behaviour. He was much more attentive
towards the female, would remain close to
the barrel whenever she entered into it, was
protective of her and did not welcome the
presence of keepers in or around the exhibit.
He also fed her considerably more live food.

Plate 3. The female ‘Anya’ sealing the nest
entrance with a mixture of faeces and food.
However, because the female was
starting to spend longer periods within the
barrel, we felt it was better to leave things as
they were. Even if their nesting efforts were
unsuccessful, it would be better to give them
a chance and allow them to gain some
experience, rather than interfere with the
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enter the exhibit, and all cleaning and
maintenance regimes within the exhibit were
halted temporarily. It appeared that this
decision paid off, as shown by excerpts from
our diary of daily events:

barrel at this crucial stage with the result that
the pair abandoned their nesting attempts
altogether. Instead, it was decided to keep
disturbance to an absolute minimum. The
feeding stations adjacent to the perimeter of
the exhibit were accessible by hatches, so
that there was no need for the keepers to

February 15/16/17: “Anya is starting to spend longer periods within the barrel; she is only emerging at
feeding time, (mid morning) for around 30 minutes. When out of the barrel Anya and Axi exchange
intensive interactions- continuous chasing around the exhibit and beak clapping”. February 18: “Anya
did not emerge at feeding time today, but could be heard moving about within the barrel. Throughout the
day she was mimicking attempts at plastering, but was not using any plastering material”. March
2:“Anya is very quiet today no movement or activity in the barrel and Axi was not observed taking her
any food .She may possibly be sitting on an egg!”. March 3/4/5: “Very little activity again today Anya
appears to be sitting tight, she is only visible when Axi is feeding her”. March 12: “Axi observed flying
over to the barrel today and ‘displaying what appeared to be aggressive behaviour towards Anya. Most of
his body was emerged into the entrance cavity. He was making stabbing gestures at her with his beak, a
lot of banging sounds within the barrel. Anya fought back with him, and he retreated after a couple of
minutes. He appeared more settled this afternoon and was observed feeding her twice”. March 20:
“Anya in nesting barrel 30 days, pair very settled Axi feeding her throughout day’. She is continuing to
mimic plastering, but using no material”. March 29: “We have started to introduce day old pinkies
into the hornbills as the estimated hatching period should be in the next week or so”. March 30:
“Put a ladder beside the back of the nesting barrel today. Will do quick inspections once a day, to see if
chicks can be heard calling from within the nest. If it causes any upset to either of the hornbills, we will
back off”. March31/ April 1/2/3/4: “Quietly checking from back of barrel daily to see if chicks can be
heard, Anya does not appear to be aware of our presence and is continuing to mimic plastering, Axi has
become use to the routine check. All is quiet within the barrel”. April 5: “There is a noticeable change in
the hornbill’s behaviour today. Anya very quiet, and Axi hanging about the nesting site. He keeps flying
at the fence when keepers are passing. Will not check barrel today”. April 6: “Axi very aggressive today,
attacked one of the keepers through the mesh when leaving his food tray in. Causing minor facial injuries
with his beak. The situation will need to be reviewed. Axi has been bringing Anya pinkies throughout the
day. This is a good indication that there is a chick(s) in the nest. Will start to put food in 3 times a day,
Morning, midday, and at going home time. Please refer to the newly revised diet sheets in the kitchen”.
April 7: “New Perspex screens were fixed to the front area of mesh at the feeding stations to stop Axi
gaining any contact with the keepers. Anya is starting to seal the entrance cavity of the barrel with faeces
and shavings. This is the first time she has used material since the start of nesting. Axi is continuing to
bring her food throughout the day. Have decided not to do any checks for the time being”. April 14:
“Tried to inspect nesting barrel today to see if chicks could be heard calling. Axi became very agitated.
We backed off straight away”. April 15: “We got an opportunity today to put a Dictaphone beside the
barrel. There is definitely a chick present, could be heard calling when recording was played back”. April
16: “Can hear a possible second chick calling from barrel today! Axi is still very aggressive. Now he is
trying to grab a hold of keeper’s hands when putting food in”. April 17: “It is advised that gloves are

to be worn when leaving food into the hornbills from now on. The hornbills are getting plenty of
live food, crickets, wax worms, and pinkies. No mealworms to be given for time being as these
may become compacted in the chicks crops”. April 21: “Anya has sealed the entrance cavity”.
April 23: “Anya has broken all of the plastered material away from the front of the barrel. But
starting to re- plaster this afternoon. Hornbill’s given 5 bags of pinkies (about 20 in each bag)
today. Starting to give in a handful of mealworms daily”. April 27: “Chick(s) can be heard calling
from public walkway when being fed. There is no need to check from back of barrel anymore. All
appears well”. April 28: “Axi is starting to bring more fruit to the barrel over past couple of days.
Chick(s) calling more often and Axi has increased the amount of food being offered’. Have offered rat
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pups instead of pinkies”. April 30: “Axi not too interested in rat pups, gave in pinkies and a few rat pups
cut in half. All taken”. May 10: “Chick(s) doing well, can be heard calling through out the day. There is
a strong smell of faeces coming from the barrel and Anya has broken the plaster away again”. May 11:
“Anya has resealed entrance of barrel over night. Got a chance to climb to the back of the barrel. There is
a very strong odour, opened the inspection door slightly, There is a second chick. Anya did not welcome
the intrusion. Retreated immediately”. May 18: “Anya is breaking the plastering way from barrel again
today. Might be due to the odour within the barrel, very strong, can be smelt through out the house”. May
20: “Anya emerged from the barrel today, 89 days since she entered it. Her tail and wing feathers are
discoloured from faeces. Turned misting on for a half an hour in the afternoon, she appeared to welcome
this gesture and had a good bath. Preening her feathers for most of the afternoon. Axi does not seem
phased by her presence”. May 21/22: “Both Anya and Axi observed carrying food to the barrel at
intervals today. Anya’s feathers are in much better condition”. May 23: “There is a big change in the
hornbill’s behaviour today. Axi is behaving very aggressively towards Anya. He will not let her near the
nest sight and is keeping her to the ground of the exhibit. He is swooping at her if she attempts to move”.
May 24: “There is no change within the hornbills exhibit; Anya is still being kept to the ground. Axi is
not allowing her to move. He has assumed sole responsibility over the chicks. Anya had to be hand fed
through the mesh, as Axi will not let her near the feeding stations. Did not open the birdhouse today”.
May 25: “Anya was still on the ground this morning. We have moved her out of the main exhibit, to the
holding area at the back of the hornbills. Where they will have visual contact of each other through the
mesh divide. Both hornbills a lot more settled this evening. Anya feeding and preening herself, and Axi is
still feeding the chicks”. May 26: “Axi having visual contact of Anya does not appear to be working. He
is continually flying at the mesh to try to get to her, and is not paying any attention to the chicks. We have
decided to move Anya out of the house all together, as Axi does not appear to want her any where near
the chicks”.

Everything had gone efficiently,
from the incubation period through to the
hatching, and rearing of the chicks prior to
the female’s emergence from the nest. So
the male’s sudden change in behaviour
towards the female on the fourth day after
she had emerged was unexpected. It was
obvious from his aggression towards her that
he was no longer happy to share the parental
role of looking after the chicks with her. He
began to attack her if she went anywhere
near the chicks in the barrel. His aggression
towards the female was unrelenting, and
only when she was hidden in the shrubs at
ground level in their exhibit did he leave her
alone. If she made any attempts to move he
would attack her. We hoped that his
‘apprehension’ to look after the chicks by
himself would diminish after a day of so.
But he remained persistent and, from a
husbandry point of view, this was far from
an ideal situation for the female. So, for her
own safety, we had to make the unfortunate
decision to remove her from the birdhouse.

ADULT FEMALE IS REMOVED FROM EXHIBIT
The female was removed from the birdhouse
in the late morning, to an exhibit at the
exterior of the birdhouse. This allowed for
vocal, but not visual contact between the
pair. However because of the day’s upsets,
the male did not appear to pay any attention
to the chicks. In the afternoon, we decided to
give the chicks a supplementary feed and so
a feeder was made using a litter picker.
(Plate 4). The chicks were fed through the
inspection door at the back of the barrel and
both chicks took food readily (pinkies and
fruit). It was noted at this time that one of
the chicks was considerably smaller than the
other (Plate 5). Initially, the male was not
bothered by the intrusion, but towards the
end of the feed he became inquisitive and
approached the entrance of the barrel.
Pinkies were passed to him through the
mesh using the puppet and he, in turn,
started to feed the chicks. At this point, we
retreated from the barrel and the male was
observed feeding them again in the late
afternoon.
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given two or three supplementary feeds a
day, the smaller of the two getting the most.
We were careful not to overfeed them, as we
were afraid this might have resulted in them
becoming too reliant on the supplementary
feeds and stop calling to the male for food
altogether. All appeared to be going well
regarding the chicks progress, our only
concern being the increasing stench from
within the barrel, even though it did not
appear to be causing any upset to the chicks.
By the start of week three, there was
a significant growth increase in the smaller
chick so that it was now almost the same
size as its sibling. At this stage we only fed
them once a day and by the end of the week
we stopped the supplementary feeds
altogether. The chicks were progressing
well, and the male appeared to be adapting
to the feeding routine of the two chicks.
All appeared to be going smoothly with the
hornbills until the first week in June. On the
morning of 5 June, it was noted that all was
very quiet within the hornbill barrel. No
movement or calling was heard from either
chick, and the male showed no interest in
the nesting site. In the early afternoon we
inspected the barrel. Both chicks was
covered in faeces, the base of the barrel was
covered in a 'soup' of faeces, leftover food
with maggots in pinkies was visible, and
both chicks were in a weak state. If we did
not attempt to remove the 'sludge', we were
sure the chicks would not survive. It was
decided to clean around the chicks while
they remained in the nest. We did not want
to remove them from the barrel for fear that
the male would reject them on their return.
We worked as quickly as possible, a full
bucket of faeces was removed and new
shavings were added to the barrel. Although
the chicks were not happy with the intrusion,
they were weak and did not put up much of
a fight. The male remained close to the
barrel but did not appear too bothered by the
process. Both chicks were offered food
using a ‘litter picker’, but because of their
weakened state they were reluctant to feed
and so it was necessary to force-feed pinkies
by hand. The chicks were closely monitored
for the rest of the day. By the next morning

Plate 4. Supplementary feeding the chicks
through inspection door at back of barrel.

Plate 5. Chicks viewed from hatch at back
of nest barrel, showing difference in size as
they reach up to take food from the bill of
the male inserted through the cavity
entrance.
The two chicks differed considerably
in size and, over the next day or two, the
male appeared to be focusing his attentions
on the stronger of the two so, during the
times when the hornbills were monitored, he
was only observed feeding the larger chick
(the larger chick’s beak was visible when
taking food at the entrance cavity). Because
we wanted to ensure that the second chick
was getting enough food, we continued to
supplement its feed and again the male did
not object, but would assist with the feeds.
For the first two weeks, the chicks were
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and drop it, but after a few days they were
seen eating small amounts. The birdhouse
remained closed throughout the weaning
period since the male remained very
protective of the chicks, constantly flying at
the mesh perimeter when staff passed by.
This then had a knock-on effect on the
chicks and they would simultaneously fly
about in confusion. Because they were still
mastering the skill of flight we were not
happy to expose them to the public for fear
of a serious trauma injury at this crucial
stage.
The female, in her absence from the
chicks, had not forgotten their presence and
remained within vocal range of them. She
appeared to be aware when the chicks had
fledged, as she began to make soft
squeaking noises not heard from her before.
Also, when her food was provided, she
would instantly call for the chicks and carry
pinkies to the opposite side of the perimeter
wall, near to where the chicks were.
Although it was hard to observe this
behaviour, we felt that being in vocal
contact with the male would prove important
for their reintroduction together.
The female’s physical condition was
the best we had ever seen, her beak and
feather colours were striking, and we put
this down to her exposure to ultra violet rays
since we were sure this was the first time
she had been housed outdoors for a number
of years.
With each day the chicks were
growing more independent and by the end of
August they were feeding predominantly for
themselves with only small amounts of
supplementary feeds from the male. At this
time there was also an increase in
vocalizations between the female and male,
the female had stopped displaying
mothering behaviour, and so we felt that it
was a good time to begin preparations to
remove the chicks, and reintroduce the
female to the birdhouse with the male.
The female was removed from her
temporary holding area and placed in
quarantine. It was decided that we would
modify the exhibit in which she had been
kept for the chicks, as it had an inside shelter

the chicks had made a dramatic recovery,
were observed calling and taking food from
the male, and the following day began to
plaster the entrance of the barrel for the first
time, using the fresh shavings and their
faeces. After that, fresh shavings were added
every few days. The newly added shavings
absorbed the excess moisture within the
barrel and then the chicks would use it to
plaster. It was not necessary for keepers to
clean the site again. Both chicks were much
more settled and were progressing well.
On 30 June, the larger of the two
hornbills emerged from the barrel, 41 days
after the female and approximately 135 days
since hatching (Plate 6). The male continued
to be the dutiful father, spending equal
amounts of time feeding both the fledged
chick and its sibling in the barrel. The
second chick appeared reluctant to leave the
barrel. The male was observed occasionally
to fly to the front of the barrel with food, but
when the chick went to feed he would move
away slightly with the food still in his beak
as though he was teasing the chick into
leaving the nest. On 10 July the second
chick fledged, 11 days after its sibling.

Figure 6. First of the chicks at fledging.
After fledging, the chicks progressed
quickly and by the middle of July both
chicks
were
attempting
to
feed
independently. After initially feeding from
the male, they would fly to the feeding
stations and clumsily pick up one or two
pieces of fruit, usually grapes and banana.
At first they would just play with the food
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(Plate 7), and the female was reintroduced
back to the male without any problems. In
July 2005, the two hornbill chicks were
transferred to Burgers Zoo in the
Netherlands, where one has already been
paired with a female. The second male is
waiting for a suitable young female hornbill
to be paired with.

and access to an outdoor area. Work began
on making the sheltered area draft proof and
a new heating system was installed. The
outside exhibit was heavily planted to
provide plenty of cover.
The hornbill chicks were transferred
out of the Roberts Birdhouse in October, at
6.5 months of age, into their new exhibit

Plate 7. Juvenile male hornbills in new exhibit, and new outside flight cage, at Dublin Zoo
ANALYSIS
The following is a breakdown of significant
information that may have contributed to the
successful nesting of our hornbills at Dublin
Zoo:
Birdhouse
conditions:
Temperature:
average 18°C (range 15-27°C), relative
humidity average 70% (range 55-82 %).
Nesting site: Female given a choice of two
nesting sites of similar dimensions and
location. She chose to nest in a whiskey

barrel (Appendix 2). It should also be noted
that keepers added nesting material to the
site but the female removed them prior to
nesting. The base of the nest site was flat,
not curved.
Nesting cycle: Hornbills recorded mating
for the first time on 11 January 2004,
numerous copulations observed over the
next 5 weeks. Female enters nesting barrel
on Day 1 (18 February); Day 14, appears to
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from nest and would not allow her near the
chicks. We had to remove the female from
the birdhouse as aggression from the male
reached a level that may have caused her
serious injury. The male continued
independently to successfully rear the
chicks. In the wild, both hornbills would
share the parental role after the female
emerges. In a captive environment, postemergence aggression from either member
of a breeding pair has only been recorded on
a few occasions and usually the female was
the aggressor.
The chicks attempted to feed
themselves from approximately two weeks
after they emerge from nest and by 6.5
months they are fully independent. They
were separated from the male and
introduced into a new exhibit, after which
the male and female were reunited.

be on an egg(s); Day 48 first chick(s) appear
to have hatched; Day 50, female begins to
seal nest cavity; Day 89, female emerges
from nest; Day 135, first chick emerges;
Day 145, second chick emerges.
The female did not seal the nest
entrance until approximately 2 days after the
chicks had hatched, 50 days into the nesting
cycle (Plate 3). Therefore the sealing of the
entrance in a captive environment by the
female does not appear to be an essential
factor. Hornbills in the wild would normally
seal in at the start of nesting cycle, prior to
the laying of eggs.
The chicks were fed primarily on a
diet of pinkies for the first three weeks,
although wax worms and crickets were also
offered in small amounts during this time.
Locust and mealworms were introduced
thereafter.
The male became aggressive towards
the female three days after she emerged

CONCLUSIONS
Breeding hornbills in a captive environment
has proved difficult. Annually, only a small
number of zoos worldwide manage to
produce parent-reared chicks. So the
successful breeding of our Great Indian
Hornbills is a notable achievement for
Dublin Zoo. In the 2004 season our chicks
were the only two to fledge within the
European Endangered Breeding Programme.
“If we are to keep Great Indian
Hornbills in European zoos it is extremely
important that more attention is devoted to
the husbandry and captive management of
the current population. Over the past fifteen
years there has been decline of about 25% of
the current population of Great Indian
Hornbill in the captive EEP programme. At
present the mortality rate is exceeding that
of the birth rate. If this worrying trend
continues the Great Indian Hornbill will
gradually
disappear
from
European
collections”. (van Lindt et al., European
Studbook Great Hornbills 2000-2004).
Although we will never know for
sure what stimulated the hornbills to nest,

the following factors may have attributed to
their success: 1) The lack of disturbance
within their exhibit prior to the 2004
breeding season, 2) The male, being hand
reared, had taken a few years longer than
normal to reach sexual maturity, 3) A
combination of tried and tested stimulants
from the previous years. Whatever the
reasons, all the years of perseverance and
failed attempts finally paid off.
Another significant result for Dublin
Zoo is that, according to records, our male
hornbill ‘Axi’ appears to be the first handreared captive-bred Great Indian Hornbill
ever
to
successfully
rear
chicks
independently. This is an important result, as
questions have been raised in the past as to
whether the hand rearing of these chicks was
appropriate. “A study of Great Indian
Hornbills in captivity indicated that handreared birds were less likely to breed
themselves, perhaps because they relate too
strongly to their keepers” (Sheppard, in
Hornbill Digest listserver, 14 February
1999).
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Last but not least, it is rare for two
chicks to survive to fledging. In the wild,
usually only one chick survives and two

chicks surviving has been recorded on only
a few occasions in captivity.

RECOMMENDATIONS
rearing them independently and it is
important that both hornbills be given equal
opportunity to rear the young since it would
be wrong to assume they will always be a
monogamous pair and we must not take for
granted that one or other bird will be around
for the foreseeable future. It would be
important for both of them to gain rearing
skills, should they be introduced to a new
mate.
Lack of disturbance prior to the
nesting season may have attributed to the
hornbill’s breeding success. Therefore, the
addition of an outdoor area within their
existing exhibit would be beneficial as this
would allow us to close off the hornbills for
short periods when their exhibit requires
maintenance or refurbishment. If there were
access to an outdoor area, it would not be
necessary to remove them from their
existing area to carry out these tasks. This
would reduce considerably the disturbance
and stress incurred by the hornbills under
their existing management regime, when it
is necessary to remove them to carry out
these procedures.

Although a lot of experience was
gained this year from the hornbill’s nesting
success, it is hoped that if the hornbills do
nest again next year we should be more
prepared.
The nesting barrel should be
modified to the most accurate dimensions,
and a camera installed in the barrel prior to
next year’s nesting season. This will allow
more information to be collected about what
goes on while the female is encased and will
provide the public the an opportunity to
view the hornbills from an appropriate area,
just in case it is necessary to close the
birdhouse again during the rearing stage. All
aspects of the nesting and rearing process
should be monitored more closely. Diets
should be weighed and housing conditions,
such as heat and humidity, recorded on a
daily basis.
If the same problem arises regarding
the male’s refusal to allow the female to
remain near the chicks, after her emergence
from the barrel, it is hoped that the female
will be given the chance to complete rearing
of the chicks and, if necessary, the male be
removed. We feel that the female, if
required, would cope as well as the male in
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APPENDIX 1. Layout of hornbill exhibit at Dublin Zoo.

Holding bay 1

Holding bay 2
2.2 metres

Main hornbill exhibit

6 metres

Stand off barrier

1.5 metres

10 metres
- Feeding stations

- perches

- Nesting barrel
- Fig tree
- Nesting log

439- Shrubs

- Rope

Height of main enclosure,
5 metres
Height of holding area,
3..3 metres

APPENDIX 2. Great Indian Hornbill diets, Dublin Zoo
Outside nesting season, daily:
All food should be chopped into 1-inch cubes. Any inedible skins must be removed, as they
cannot peel fruit for themselves!
3 apples, 300-350 g; 3 pears, 400-450 g; 3 bananas (peeled), 380-430 g; 3 kiwi fruits, 210-240 g;
3 tomatoes, 210-230 g; ½ bag of grapes, 200-250 g; ½ handful of soaked raisins, 20 g; ½
cucumber, 180 g; ½ bag of pinkies, 25 g, or rat pups, 40 g; mealworms or crickets, 50 g; MVS
30, ½ teaspoon in summer months.
On Tuesdays and Fridays, 1 egg (with shell), 60-65 g, or cheese, 60 g.
For variety, they can also be given:
Soaked Diet A, 100 g dry weight; 2 oranges (peeled), 200-220 g; ¼ melon (peeled and seeds
removed), 150-200 g; 3 plums, 220 g; raspberries, 200 g; strawberries, 200 g; any other seasonal
fruits.
During the nesting season:
During the breeding season (December to August) some alterations will be made to the
hornbill’s diet. The bulk of their diet will remain the same as the rest of the year. However an
increase in their protein intake is advised prior to and during the breeding season. From
December onwards, the amount of live food being offered can be increased daily.
Mealworms or crickets (scatter-fed 3 times a day), 50 g; pinkies (included in main feed), 30 g;
MVS 30, 2.5g (1/2 teaspoon); 3 apples, 300-350 g; 3 pears, 400-450 g; 1 papaya, 150 g; 3
bananas (peeled), 380-430 g; 3 kiwi fruits, 210-240 g; 3 tomatoes, 210-230 g; ½ bag of grapes,
200-250 g; ½ handful of soaked raisins, 20 g; ½ cucumber, 180 g; ½ bag of pinkies, 25 g, or rat
pups, 40 g; mealworms or crickets, 50g; MVS 30, ½ teaspoon in summer months.
On Sundays, Tuesdays and Fridays: 1egg (with shell), 60-65 g or cheese 60 g.
For variety they can also be given:
Soaked Diet A, 100 g dry weight; 1 orange (peeled), 100-110 g; 1/8 melon (peeled and seeds
removed), 75-100 g; 1 plum, 70 g; raspberries, 100 g.
When chicks are present:
If chicks are present, pinkies should be offered first thing in the morning by 08:30 hrs. Pinkies
should be available to the chicks through out the day, and changed on a regular basis every 3
hours as they spoil quickly in the heat of the birdhouse. The amount of pinkies to be fed will be
gauged according to the amount of waste at each food change over, 4 to 5 pinkies is acceptable
waste. Mealworms are not fed during the first few weeks while there are young chicks.
The main fruit diet, as for the nesting season, is offered 3 times a day at 08:30 hrs, 12:30
hrs and 16:30 hrs, the food is chopped slightly smaller than standard, and each food dish is
removed and weighed at every food change.
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APPENDIX 3. Design of free-standing Great Indian Hornbill nest box at Chester Zoo.

8.5cm

64cm

27cm

9cm
(Bottom of nest
opening to base
of nest)

The entrance of the nest box may need
to be wider to suit a larger female.
Inside diameter of nest = 45cm
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(HAND-REARED MALE INDIAN HORNBILL FIGHTS FOR (AND WINS!)
PATERNAL RIGHTS TO HIS TWO CHICKS AT DUBLIN ZOO, 2004
The following is based on data recorded prior to, during and after the fledging of the two chicks.

History of Male Hornbill:

History of Female Hornbill:

Name:

‘Axi’

Name:

‘Anya’

Age:

12 years

Age:

Unknown

History: Hatched at Rostock Zoo,
Germany where he was hand-reared.
Arrived in Dublin Zoo in 1995 at 19
months of age.

History: Wild caught, arrived in Dublin Zoo in
1997 from Novosbirskii Zoo, Russia, where she
had been housed for 12 years. No other
information obtained.

Abstract from Diary of Events:
February 18
Anya seals herself into
the nesting barrel .

April 6
Axi aggressive towards keepers.
Observed taking ‘pinkies’ to
Anya, indicating there are
TWO
chick(s) present.

ONE

March 2
Anya very quiet –
appears to be sitting
on egg(s).

May 23
Axi too aggressive
towards Anya – we
have removed her from
the exhibit.

May 20
Anya emerges from barrel after
89 days. Inspected nest – two
chicks present.

THREE

June 30
Chick emerges, (41 days after
Anya left the nest).
July 10
Second chick emerges. Axi
continues to look after both
chicks. Anya has vocal, but
not visual contact with chicks.

Axi now taking sole
responsibility of the
chicks.

October 16
Axi has remained a dutiful father since the
chicks hatched. At 6.5 months of age, the chicks
are now feeding independently, and today were
transferred to an outdoor exhibit. Anya was
reintroduced to Axi without any problems.

Conclusion: In 2005, the chicks (both male) were transferred
to Burgers Zoo in the Netherlands. The adult hornbills were
together at Dublin Zoo for almost 10 years. Over this period
many stimulants were tried to encourage breeding .We will
never know for sure what triggered the pair to nest in 2004.
However, a valuable lesson has been learned that persistence
pays off. The fact that Axi was a zoo-bred, hand-reared
hornbill adds to the success of this story.
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Risk Factor Analysis of Squamous Cell Carcinoma in
Great Indian Hornbills Buceros bicornis
K. C. GAMBLE & Nicole KEHL
Lincoln Park Zoo, 2001 North Clark Street, Chicago, Illinois 60614, USA. Email:
kgamble@lpzoo.org

Gamble, K. C. & Kehl, N. 2007. Risk Factor Anaylsis of Squamous Cell Carcinoma in Great Indian
Hornbills Buceros bicornis. In: Kemp, A. C. & Kemp, M. I. (eds). The Active Management of Hornbills
and their Habitats For Conservation, p. 443-444. CD-ROM Proceedings of the 4th International Hornbill
Conference, Mabula Game Lodge, Bela-Bela, South Africa. Naturalists & Nomads, Pretoria.

Since 1985, seven cases of fatal invasive Squamous Cell Carcinoma (SCC) of the casque have
been documented in the captive USA population of Great Indian Hornbills Buceros bicornis.
This population is currently 52 living individuals and these losses have substantial impact on
captive management of the species. To date, no explanation has determined a predisposition to
this neoplasia ation nor has extensive pathologic evaluation determined an underlying etiology.
The casque coloration of orange and yellow (carotenoids), for this and other Asian
hornbill species of the genus Buceros, is transferred as uropygial gland secreta during preening.
Diet has the potential to affect the character and chemical composition of these oils that could
alter casque keratin pigmentation. Since mammalian species are documented with effects of
skin pigmentation and the location of SCC, it is hypothesized that changes in casque
pigmentation could produce a similar risk factor for SCC of the casque. Currently, no
information is available in the literature on the composition of the uropygial gland secreta in
normal, unaffected B. bicornis with their predominately yellow casques. Additionally, another
species within the genus, Rhinoceros Hornbill B. rhinoceros, using a similar but more orange
means of casque pigmentation, has presented no cases of SCC of the casque.
Without knowing the etiology, no specific prevention is currently available for Buceros
hornbills. However, plain radiography of the casque and skull in five standard views (right
lateral, left lateral, dorsoventral, ventrodorsal, and rostrocaudal) is the most sensitive tool for
early detection of the neoplastic changes. The Coraciiformes Taxon Advisory Group of the
American Zoo and Aquarium Association recommends that adult Buceros hornbills have
baseline physical examinations, including these radiographs, completed by May 2005, for
comparison with confirmed SCC birds. Due to the apparent predisposition to SCC in Buceros
bicornis, it is recommended that these radiographic views be repeated annually. During the
initial examination, opportunistic collection of uropygial gland secreta has been requested.
During manual restraint of the bird, the uropygial gland will be expressed by gentle digital
manipulation through its papillae to trap secreta onto clean filter paper circles that is then
allowed to air dry. These samples will be submitted with permission of the Convention of
International Trade in Endangered Species [Appendix I for B. bicornis and II for B. rhinoceros]
for determination of cartenoid concentration.
Systematic evaluation of management, housing, diet, signalment, and medical history in
the context of carotenoid concentrations for both B. bicornis (affected) and B. rhinoceros
(unaffected) will be constructed as a database. Risk factors will be identified for the
development of SCC in B. bicornis. It is proposed to repeat these collections, analyses, and
database construction for the Canadian and Europaisches Ehraltungszucht Programs for
Buceros hornbill population in 2005, since Canadian and European zoological institutions have
not presented any cases of invasive casque SCC, which suggests risk factors specific to the
USA. Lastly, as a presumed normal population, an ex- and in-situ evaluation of uropygial gland
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secreta carotenoid concentration is planned for 2006 through collaboration with the Hornbill
Research Foundation, Thailand.
Reference: Proceedings of the International Zoo Veterinarians (IZW/EAZWV), Prague, May
2005.
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Do Great Hornbills use mud to seal their nest
cavities?
Ragupathy KANNAN1 & Douglas A. JAMES2
1

Department of Biology, University of Arkansas - Fort Smith, Fort Smith, Arkansas 72903,
USA. Email: rkannan@uafortsmith.edu
2
Department of Biological Sciences, University of Arkansas, Fayetteville, Arkansas 7270, USA.

Kannan, R. & James, D. A. 2007. Do Great Hornbills use mud to seal their nest cavities? In: Kemp, A.
C. & Kemp, M. I. (eds). The Active Management of Hornbills and their Habitats For Conservation, p.
445. CD-ROM Proceedings of the 4th International Hornbill Conference, Mabula Game Lodge, BelaBela, South Africa. Naturalists & Nomads, Pretoria.

The Great Hornbill Buceros bicornis of southern India shows nesting behaviour that is typical
of the family Bucerotidae: the female seals inside a natural tree cavity during incubation and
stays inside for a period after the hatching of the chick(s). There are three reports in the
literature of the female using mud delivered by the male as plaster for constructing the entrance
wall. We found no evidence of this during 183 hours of observation of a nest in 1992 and 1993.
The female used only her faeces as plaster material. To verify further this observation, we
collected broken chunks of nest plaster from the nest midden and analysed them for chemical
composition, total ash, and organic matter content. Comparison of these values with published
values for chicken faeces, cattle faeces, and tropical soil showed close similarities between
plaster and faeces. Mud was absent in the sample, suggesting that faeces and not mud is used by
Great Hornbills to seal nest cavities.
Reference: James, D. A. & Kannan, R. 2007. Wild Great Hornbills (Buceros bicornis) do not
use mud to seal nest cavities. Wilson Journal of Ornithology 119(1): 118-121. PDF file
attached, with permission of the journal’s editor.
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The Wilson Journal of Ornithology 119(1):118–121, 2007

Wild Great Hornbills (Buceros bicornis) Do Not Use Mud to
Seal Nest Cavities
Douglas A. James1 and Ragupathy Kannan1,2,3
ABSTRACT.—The literature pertaining to nesting
of the Great Hornbill (Buceros bicornis) is ambiguous
regarding whether the birds use mud as plaster material
to seal their nest cavity entrances. We studied the
breeding biology of the species in southern India and
detected no evidence of mud delivery or usage in 183
hrs of nest observations. Chemical analysis of plaster
material showed that it was composed exclusively of
fecal material and not mud. Received 15 May 2006.
Accepted 9 August 2006.

The Great Hornbill (Buceros bicornis) is a
large, principally frugivorous, and endangered
species of south- and southeast Asian rainforests. Its nesting habits are largely typical of
the family. The female becomes sealed in a
tree cavity and remains in confinement during
incubation and for a period after hatching of
the chick (Kannan 1994, Kannan and James
1997). There is considerable ambiguity in the
literature concerning whether the species uses
mud in sealing its nest cavities. Some authors
indicated that mud was used, some were uncertain if mud was used, and some categorically stated that mud was not used. No quantitative evidence exists and statements made
by previous authors have been based mostly
on anecdotal observations. Hume (1890: 69),
quoting others who observed the nesting behavior of the species in Burma (Myanmar),
indicated the nest entrance was ‘‘covered with
a thick layer of mud.’’ Hume (1890: 70) also
included nebulous statements attributed to
others about ‘‘the male plastering the female
in with his ordure’’ and the plaster being
‘‘composed of dung and earth.’’ Bingham
(1897: 309) wrote that all five nests he ex1 Department of Biological Sciences, University of
Arkansas, Fayetteville, AR 72701, USA.
2 Current address: Department of Biology, University of Arkansas—Fort Smith, Fort Smith, AR 72903,
USA.
3 Corresponding author; e-mail:
rkannan@uafortsmith.edu

amined in Burma had their entrance covered
with ‘‘a plastering of earth leaf-mould and the
birds’ own droppings.’’ Poonswad et al.
(1987: 260) presented a rough composition of
sealing material from adjacent Thailand,
which showed earthen material only in miniscule amounts, the rest being ‘‘wood dust,
piece of wood, (and) food debris’’, about onethird each. Baker (1927: 285, 1934: 429) stated that the male ‘‘sometimes, but not always’’
brings wet mud, remains of fruit, and his own
droppings. Ali and Ripley (1970: 145), describing the race B. b. homrai of southern India, indicated the nest entrance was an amalgam of the female’s dung and remains of figs,
bits of leaves and sticks, ‘‘possibly supplemented with wet mud brought by the male.’’
Kemp (1995: 181), describing the species’
habits, wrote that it hops when on the ground
to feed on fallen fruit, to search for animals
along stream banks, ‘‘or to collect soil for
sealing.’’ He also wrote the nest entrance is
sealed with droppings, chewed pieces of wood
and bark, food and nest debris, but ‘‘little if
any soil.’’ The species has been observed to
descend to the ground occasionally to collect
fallen fruit (Ali and Ripley 1970), but Kemp’s
(1995) description of it collecting soil from
the ground is the only mention in the literature. Datta (2001) was the only report that unequivocally stated no mud usage in a 4-yr
study (416 hrs of observations) involving
eight nests in northeast India. All nests in her
study were sealed with fecal material of the
female, which was comprised mainly of fig
seeds (Aparajita Datta, pers. comm.).
The ambiguity also extends into the literature on captive breeding accounts of the Great
Hornbill. Stott (1951: 114) wrote the material
used by the species during an unsuccessful
breeding attempt in the San Diego Zoo was
gray and apparently non-granular in texture,
‘‘and may well have included among its components the fine sand that had been placed in
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TABLE 1. Composition (%) of Great Hornbill nest plaster (obtained from the Western Ghats of southern
India), feces, and top soil.
Chemical elements

a

Hornbill plaster
Chicken fecesb
Cattle fecesb
Tropical soile

P

K

Ca

Mg

S

N

Total ash

Total organic

0.2
1.3
0.7

2.1
1.2
1.7

1.5
2.9
2.9

0.3
0.6
0.6

0.2
0.8
0.2

2.0
5.0
2.0
0.2

15
8c
19d
96

85
92
81
4

a Present study.
b Spector 1956 (Table 159).
c Gerry 1968.
d Ensminger et al. 1990.
e Sanchez 1976.

the bottom of the nesting barrel.’’ Poulsen
(1970) and Choy (1980) reported a mixture of
mud, the birds’ feces, and mashed fruits as
plaster material used in zoos in Denmark and
Singapore, respectively. (The former breeding
attempt was abandoned after partial nest sealing, and the latter was successful). Reports
from three other captive breeding attempts (all
successful), one in the United Kingdom
(Golding and Williams 1986), and two in the
United States (Bohmke 1987, Thormahlen and
Healy 1990), unequivocally indicated no mud
was used in the sealing process. Golding and
Williams (1986) and Bohmke (1987) did not
say whether mud was made available to the
birds, but Thormahlen and Healy (1990) stated that mud was not provided.
Darwin (1871: 778) reported ‘‘The female
Horn-bill (Buceros) . . . plasters up with her
own excrement the orifice of the hole in which
she sits on her eggs.’’ This is an apparent early
confirmation that only excrement constituted
the plaster. He quoted the earlier observation
of Horne (1869). However, inspection of the
paper by Horne (1869) shows he was referring
to the Indian Grey Hornbill then named Meniceros birostris now Ocyceros birostris
(Grimmett et al. 1999), which Horne incorrectly gave the trivial name bicornis. Darwin
incorrectly thought Horne was describing
Buceros bicornis.
OBSERVATIONS
We observed a nest of the Great Hornbill
in the Anaimalai Hills of the Western Ghats
of southern India in 1992 and 1993. We found
no evidence of mud delivery or usage in 183
hrs of observation. The female was observed
to only use her feces as plaster material. After

exit of the female, the chick was observed to
use exclusively its feces for resealing the entrance. The male did not participate in nest
sealing (Kannan 1994, Kannan and James
1997).
We verified these observations by collecting broken chunks of plaster that had fallen to
the ground on the fecal midden at the base of
the nest tree and had the chunks analyzed for
chemical element composition, total ash, and
organic components at the Agricultural Services Diagnostic Laboratory, University of
Arkansas, United States. The values obtained
were compared with published information on
the properties of tropical soil, chicken feces,
and cattle feces (Table 1).
The data from the plaster sample matched
the chemical composition of chicken and cattle fecal material (Spector 1956, Gerry 1968,
Ensminger et al. 1990), and was different (Table 1) from the low nitrogen, high total ash,
and low total organic content of tropical soil
(Sanchez 1976). Thus, the plaster used to seal
the nest cavity opening was wholly fecal material without an admixture of soil. Chicken
fecal matter was included (Table 1) to represent a bird and cattle manure was added to
characterize an animal with a vegetarian diet
to compare with the fruity and mainly vegetarian diet of the hornbill (Kannan 1994).
DISCUSSION
There are three possible reasons for the ambiguity in the literature about hornbill sealing
material. First, early authors such as Hume
(1890) could have mistaken the sealing material to be mud because of its earthen appearance. Ali and Ripley (1970) noted the plaster
dries to the consistency and appearance of sun-
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baked clay. Second, some authors may have
merely assumed mud to be involved because
use of mud is widespread in other species in
the family (Kemp 1979, 1995). This error may
have been perpetuated in subsequent writings.
The commonly used phrase for plastering,
‘‘mudding up’’, (used by Golding and Williams
[1986] who reported no mud!), may have further contributed to this assumption. Finally, it
is possible this species uses mud opportunistically when the need arises. Captive birds use
mud only when cementing material such as rotting wood, wood shavings, and squashed fruit
are not available (Thormahlen and Healy 1990;
S. Y. Healy, pers. comm.). Captive birds may
need cementing material in addition to their feces because they are usually offered a diet of
mixed soft fruits (Christine Sheppard, pers.
comm.). This renders their excreta poor in tiny
seeds such as fig (Ficus) found abundantly in
feces of wild birds. One report from captivity
indicated a chronic problem of the plaster failing to adhere properly to the cavity opening
(Thormahlen and Healy 1990). Thus, an opportunistic inclusion of mud in the plastering
material seems plausible in captivity. Mud usage in the wild is highly unlikely because the
myriads of tiny fig seeds in the feces apparently hold the plaster together ‘‘much like
gravel in a concrete mix’’ (Kannan and James
1997: 455). This makes mud or any cementing
mixture other than its own feces unnecessary.
The issue of whether mud is used in captivity
and if mud should be furnished to captive
birds may have conservation implications because captive breeding of endangered hornbills is one of the proposed ways to manage
these species (Kemp 1995).
Kemp’s (1995) assertion that wild Great
Hornbills descend to the ground to collect
mud for sealing is probably based on a logical
assumption (i.e., if the birds use mud, they
have to get it from the ground) rather than
direct observation. We did not observe Great
Hornbills descend to the ground in two years
of intense observations in the wild. With the
exception of Datta (2001), all studies on wild
birds indicated use of mud as sealing material.
Our field observations, albeit from just one
nest, are supported by those of Datta (2001)
from multiple nests. Our chemical analysis
data and field observations, and the fact that
the species has not been reliably observed in

the wild to collect mud from the ground, indicate that wild Great Hornbills do not use
mud for plastering their nest cavity entrances,
but instead exclusively use fecal material.
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First Description of the Nest, Eggs, and Breeding Behavior of the
Mérida Tapaculo (Scytalopus meridanus)
Karie L. Decker,1,2 Alina M. Niklison,1 and Thomas E. Martin1
ABSTRACT.—We provide the first description of
the nest, eggs, and breeding behavior of the Mérida
Tapaculo (Scytalopus meridanus). Data are from one
pair in the moist cloud forest of Yacambu National
Park, Venezuela during April–May 2004. Two nests,
constructed by the same pair, were globular in structure
and consisted of mossy material placed in a rock crevice of a muddy rock wall. The eggs were cream colored with an average mass of 4.19 g. Clutch sizes were
one in the first nest and two in the second. The species
showed bi-parental care in nest building and incubation. Nest attentiveness (percent time spent on the nest
incubating) averaged 83.4 ⫾ 14% (SD). Average on
and off bouts were 33.24 and 6.34 min, respectively.
Received 22 December 2005. Accepted 11 August
2006.

Breeding biology and life history traits of
tropical birds remain poorly known. Nests
have not been found nor described for many
1 USGS, Montana Cooperative Wildlife Research Unit,
University of Montana, Missoula, MT 59812, USA.
2 Corresponding author; e-mail:
karie.decker@umontana.edu

species limiting our knowledge and understanding of tropical life histories. Of approximately 40 currently recognized species of
Scytalopus, nests of ⬃12 species have been
described (Sclater and Salvin 1879; Skutch
1972; Stiles 1979; Hilty and Brown 1986;
Sick 1993; Krabbe and Schulenberg 1997,
2003; Christian 2001; Young and Zuchowski
2003; Greeney and Gelis 2005; Greeney and
Rombough 2005). Scytalopus is found
throughout the Andes from Central America
to Tierra del Fuego Island (Fjeldså and Krabbe
1990, Krabbe and Schulenberg 2003). We present data on life history traits (nest description, clutch size, egg mass, nest building, egg
laying, and incubation investment) of Scytalopus meridanus in Yacambu National Park, a
wet cloud forest of north central Venezuela
(09⬚ 42⬘ N, 69⬚ 42⬘ W; 1,900 m elevation).
Scytalopus are elusive birds, often only detectable by sound (Hilty et al. 2003, Krabbe
and Schulenberg 2003). Scytalopus meridanus, a small 16.5-g bird, similar to a wren, is
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known to scuttle on the ground among thick
brush and grasses (Hilty et al. 2003). We observed individuals within 30 m of a creek, foraging low to the ground with short, rapid
movements. Their call is a series of 25–30
quick sharp monotone ‘wick’ notes, similar to
that of the Northern Flicker (Colaptes auratus), repeated for 10–15 sec.
OBSERVATIONS
The first nest, found on 16 April 2004, was
0.8 m above a creek bed in an obscured crevice about 6.25 cm deep into a muddy, rock
face. The globular nest was at the end of this
crevice and was composed of moss, rootlets,
and decomposing leaves. The inside diameter
and height were 6.8 and 6.2 cm, respectively,
while the outside diameter and height were
10.5 and 8.5 cm, respectively. Incubation had
commenced prior to finding the nest and the
adults were incubating a single, cream-colored
egg of unknown age with a mass of 4.07 g.
We monitored the nest for 5 days during the
incubation period until it was depredated on
21 April, and videotaped it once for 5.75 hrs
(17 Apr, 0705–1345 hrs EST) following Martin (2002). In the video, S. meridanus exhibited simultaneous incubation exchange, revealing that both male and female incubate.
Nest attentiveness (percent time spent on the
nest incubating) averaged 82.2%, while incubation bouts averaged 33.13 min (n ⫽ 11); the
mean off bout length was 7.26 min (n ⫽ 11).
The second nest, a re-nest of the same pair,
was located on 4 May 2004 approximately 15
m from the first nest. The nest was 1.2 m
above the bottom of the creek bed, in a similarly concealed crevice 7 cm deep, and constructed from similar material. The nest contained one egg when found and, after checking the nest daily for eight days, another egg
was laid. The day the second egg was laid (12
May), the eggs of the second nest weighed
4.38 and 4.12 g. We videotaped the nest three
times: once during the laying period and twice
during incubation, totaling nearly 19 hrs (7
May, 0741–1345; 15 May, 0732–1352; and 23
May, 0711–1346 hrs). The first video revealed
that during the laying period, both adults continued to build the nest after one egg had been
laid. Both parents repeatedly brought small
mossy material to the nest. In addition, both
adults appeared to intermittently incubate the

single egg, but had an average attentiveness
of only 45.2%. This incubation activity occurred only during the cool early hours between 0741 and 0920 hrs. From 0921–1345
hrs, the parents visited the nest only briefly,
bringing nesting material, but did not incubate. The two incubation videos revealed that
nest attentiveness on the third day of incubation (15 May) and the eleventh day (23 May)
was comparable to that of the first nest of unknown incubation age (percent time on ⫽ 82.6
and 84.8%, respectively). Mean on and off
bout lengths during first and second incubation videos (37.20 min on, 7.34 min off; and
29.38 min on, 4.43 min off, respectively) also
were similar to the first nest. We monitored
the nest daily for 8 days before the second egg
was laid (4–12 May), and for 13 days after
(12–25 May), until depredated, at which point
the eggs had not yet hatched. The incubation
periods documented for other Scytalopus are
15–23 days (De Santo et al. 2002, Krabbe and
Schulenberg 2003); the period that we monitored this nest is well within this range.
DISCUSSION
Life history traits have been described for
only a few other species of Scytalopus. Egg
color and shape were similar to most other
Scytalopus described to date, as was clutch
size (Stiles 1979, Whitney 1994, De Santo et
al. 2002, Krabbe and Schulenberg 2003). Nest
composition, placement, and shape were consistent with other tapaculos (Stiles 1979,
Whitney 1994, De Santo et al. 2002, Krabbe
and Schulenberg 2003, Young and Zuchowski
2003, Greeney and Gelis 2005, Greeney and
Rombough 2005). Many tropical birds have
been reported to lay eggs on alternating days,
some even with three days separating egg laying (Skutch 1976). Unlike any passerine of
which we are aware, S. meridanus laid a second egg nearly one week after the first. We
do not know if this pattern is typical, but may
result from the large investment in eggs. Few
records report detailed information on parental
investment. We observed fairly high nest attentiveness not atypical of shared incubators
(Martin 2002; TEM, unpubl. data). Scytalopus
meridanus is sexually monomorphic and we
could not ascertain if parents contributed
evenly in nest attentiveness. However, length
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TABLE 1. Reproductive attributes (means) of Scytalopus meridanus in Venezuela, 2004 (this study) and
four other congenors in Central and South America (Krabbe and Schulenberg 2003).
Species

S.
S.
S.
S.
S.

meridanusa
speluncae
indigoticus
magellanicus
griseicollis

Clutch size

Egg volume (cmc)

Egg mass (g)

Adult mass
(g)

Egg mass/body
mass (%)

1–2
2
2
2–3
2

4.064
2.897
3.006
3.179
2.531

4.190
2.987b
3.099b
3.278b
2.609b

16.5
13.75c
14.80c
11.00c
17.97c

25.39
21.72
20.94
29.80
14.52

a Sample sizes for S. meridanus are: clutch size (2),
b Egg mass calculated from measurements reported

egg mass/volume (3), and adult mass (1).
in Krabbe and Schulenberg (2003) (sample sizes not given) using the equation in Van Noordwijk

et al. (1981).
c Information from descriptions in Krabbe and Schulenberg (2003) (sample sizes not given).

of alternating bouts of different individuals
appeared similar.
Scytalopus meridanus laid remarkably large
eggs relative to the size of the 16.5-g adult
(Martin et al. 2006), about 25% of its body
weight. We could not locate egg mass records
for other species of Scytalopus, but egg length
and width measurements as well as adult mass
were available for four species (Krabbe and
Schulenberg 2003). We developed a relative
coefficient (1.031) between mass and volume
using egg length, width, and mass measurements from nine passerine species in Argentina (TEM, unpubl. data) to estimate egg
mass. We inserted this coefficient to get the
equation: mass ⫽ (0.5 ⫻ length ⫻ width2) ⫻
1.031 (adapted from Van Noordwijk et al.
1981). All five Scytalopus species appear to
have relatively high reproductive investment
in eggs, given their body mass (Table 1). The
allometric relationship across other species in
Venezuela (Martin et al. 2006) predicts an average egg mass of approximately 2.6 g based
on the 16.5-g body mass of adult Scytalopus
meridanus. This predicted egg mass is much
less than that observed and indicates that Scytalopus lays a large egg, even compared with
other tropical species.
Scytalopus joins the ranks of other species
in endemic tropical families by having small
clutch size and shared incubation that yields
relatively high nest attentiveness. What may
be unusual is the interval between laying eggs
and the size of the egg.
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An Interspecific Foraging Association Between Nearctic-Neotropical
Migrant Passerines in Bolivia
Rosalind B. Renfrew1
ABSTRACT.—I present the first published record of
a foraging association between Nearctic-neotropical
migrant bird species during the austral summer in
South America. I observed Barn Swallows (Hirundo
rustica) and Cliff Swallows (Petrochelidon pyrrhonota) in February 2005 repeatedly foraging on aerial insects flushed by flocks of Bobolinks (Dolichonyx oryzivorous) settling onto soybean plants (Glycine max).
Additional observations would be needed to distinguish this behavior between an opportunistic association and a commensal relationship. Received 25 November 2005. Accepted 28 July 2006.

Foraging associations assumed to be commensal between passerine species have been
described within mixed species flocks (e.g.,
Hino 1998) and between non-flocking species
(e.g., Willis 1972, Maxson and Maxson 1981,
Robbins 1981). Here, I report the first documentation of a foraging association between
two flocking Nearctic-neotropical migrant
species during the austral summer.
1 Vermont Institute of Natural Science, 6565 Woodstock Rd., P. O. Box 1281, Quechee, VT 05059, USA;
e-mail: rrenfrew@vinsweb.org

On 11 February 2005 from 0900 to 1000
hrs EST in San Juan, depto. Santa Cruz, Bolivia, ⬃100 km northwest of the city of Santa
Cruz, I observed a flock of ⬃1,000 Bobolinks
(Dolichonyx oryzivorous) foraging in soybean
(Glycine max) fields. This large aggregation
consisted of a series of smaller (30–400 individuals) flocks that moved across the field
by landing in the soybeans for 15–60 sec, lifting to 1–3 m above the soybeans, flying 25–
50 m, landing again, and repeating this pattern. After each landing, ⬃10–30 Barn Swallows (Hirundo rustica) and 0–5 Cliff Swallows (Petrochelidon pyrrhonota) captured
aerial insects above the Bobolink flock, foraging 1–5 m above the soybean canopy for 5–
10 sec. During two subsequent walking transects (400 m), perpendicular to and intersecting the flight path of the Bobolink flocks, I
flushed Pyralid moths (Omiodes indicata Fabricius) with every step. The other insect species that flushed above the canopy, the adult
stage of the velvetbean caterpillar (Anticarsia
gemmatalis Hübner), was not abundant. No
other insect species were observed flying
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above the soybean canopy. The insect fauna
on soybean leaves appeared to be species-poor
and dominated by Pyralid moths, with species
of Coleoptera and Homoptera occasionally
noted.
The ‘‘following’’ behavior I observed is
frequently used by swallows, which are
known to follow mammals, birds, humans,
and farm equipment that flush prey. In some
cases, concentrations of animals serve as cues
to swallows that indicate local concentrations
of food resources (Brown and Brown 1995,
1999). Once a few individual swallows locate
a food source, they may serve to attract more
swallows, known as ‘‘local enhancement’’
(Brown 1988). My observation of swallows
feeding on lepidopterans is unusual, as lepidopterans have been previously reported as
comprising only a small fraction of the diet of
Cliff and Barn swallows (Beal 1918). However, diet for these opportunistic feeders varies
depending on availability of prey items
(Brown and Brown 1995, 1999).
The association between the three species,
if observed on a regular basis, could be an
example of commensal insectivory, whereby
the swallows increase their foraging efficiency, while Bobolink foraging efficiency is unaltered. Bobolinks are not known to forage on
aerial insects and were not observed feeding
above the soybean canopy. They were eating
caterpillars on the soybean leaves (RBR, pers.
obs.), indicating they were not competing with
swallows for food resources. I did not observe
interspecific aggression or other direct interactions between the Bobolinks and swallows,
suggesting the swallows were not interfering
with or otherwise altering Bobolink activity.
There are two ways that swallows might be
increasing their foraging efficiency by following Bobolinks. However, I did not measure
swallow foraging efficiency with, versus without, Bobolinks as ‘‘beaters’’ (Rand 1954).
Bobolink flock activity appeared to invariably
increase the number of prey flying per unit
area (prey density), and swallows may have
had a greater chance of locating prey, resulting in more capture attempts per foraging bout
or per unit time (increased feeding rate,
Brown 1988). Alternatively, when insects are
forced to fly upon being flushed, the proportion of successful capture attempts per time
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spent foraging may be higher (increased success rate, Kushlan 1978).
This association was not sustained over
time. On seven subsequent dates over 2
weeks, I observed monospecific flocks of
Bobolinks using the same soybean field in the
absence of swallows. On one of these dates,
Bobolink flocks were also observed in two
soybean fields ⬃3 km away, but swallows
were not seen over or adjacent to the fields. I
also observed swallows foraging over soybean
fields in the absence of Bobolinks.
The association reported may occur sporadically in South American soybean fields when
Bobolink and swallow distributions overlap
spatially and temporally. Conditions under
which this phenomenon may occur in soybean
fields must include (1) caterpillars consumed
by Bobolinks are available (e.g., after emergence and prior to application of insecticides),
(2) flying insects preferred by swallows are
available, and (3) Bobolink flocks are sufficiently large to flush prey in quantities that
enable swallows to increase their foraging efficiency. Swallows may opportunistically use
a ‘‘following’’ strategy to increase their foraging efficiency in different habitats with different beater species in South America.
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Interspecific Egg-dumping by a Violet-green Swallow in an Active
Western Bluebird Nest
Danika Kleiber,1,2,6 Jenne Turner,1,3 Amber E. Budden,1,4 and Janis L. Dickinson1,5
ABSTRACT.—We observed a Violet-green Swallow (Tachycineta thalassina) laying an egg in an active Western Bluebird (Sialia mexicana) nest. The
Western Bluebird male and not the female, was aggressive to the Violet-green Swallow but the swallow
remained to lay the egg. This is the first documented
incidence of which we are aware involving altricial
interspecific egg-laying during the nestling phase. We
suggest the timing of this event was more consistent
with incidental egg deposition, or egg-dumping, than
brood parasitism or nest usurpation. Received 13 December 2005. Accepted 24 July 2006.

Observations of birds laying eggs in nests
of other species are of interest because this
behavior, when timed appropriately and directed at nests where parents fail to recognize
foreign eggs and offspring, may be the starting point for evolution of interspecific brood
parasitism. Other explanations for this behavior are nest usurpation and egg-dumping,
which is the deposition of an egg into another
species’ nest without any specific adaptive
function. We collected video footage of a Vi1 Hastings Natural History Reservation, 38601 E.
Carmel Valley Rd., Carmel Valley, CA 93924, USA.
2 University of British Columbia, Department of
Forest Sciences, Forest Sciences Centre, 2424 Main
Mall, Vancouver, BC V6T 1Z4, Canada.
3 1420 Walnut St., Ste. 650, Philadelphia, PA 19102,
USA.
4 Department of Zoology, University of Toronto, 25
Harbord St., Toronto, ON M5S 3G5, Canada.
5 Cornell Laboratory of Ornithology, 159 Sapsucker
Woods Rd., Ithaca, NY 14850, USA.
6 Corresponding author; e-mail: danika@ekit.com

olet-green Swallow (Tachycineta thalassina)
laying an egg in an active Western Bluebird
(Sialia mexicana) nest containing nine-dayold nestlings at Hastings Natural History Reservation, Carmel Valley, California (36⬚ 22⬘ N,
121⬚ 34⬘ W). Nest boxes have been monitored
at Hastings and nearby ranches as part of a
long-term study of Western Bluebirds since
1983 (Dickinson et al. 1996). Western Bluebirds are the primary box-nesting species at
this study site, but other secondary cavity
nesters use nest boxes at lower frequencies,
including Ash-throated Flycatchers (Myiarchus cinerascens), Oak Titmice (Baeolophus
inornatus), House Wrens (Troglodytes aedon),
Bewick’s Wren (Thryomanes bewickii) and
Violet-green Swallows (Table 1).
We conducted a study of parental feeding
behaviors during spring 2005 using video to
identify patterns of resource allocation within

TABLE 1. Frequency of nest box use by secondary cavity-nesting species at Hastings Natural History
Reservation, Carmel Valley, California, from 1983 to
2004.
Species

Western Bluebird
Ash-throated Flycatcher
Oak Titmouse
House Wren
Violet-green Swallow
Bewick’s Wren
Total nesting attempts (at least
one egg)

Nests (n)

Total use (%)

1,860
298
204
175
122
2

69
11
8
7
5
⬍1

2,661

100
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the nest. The day before filming we replaced
the natal nest box and nest material with a box
of the same dimensions containing a Western
Bluebird nest, but with a Plexiglas side to accommodate the camera. A video camera and
small LED light were positioned within a
sleeve connected to the nest box on the morning of filming, which began at approximately
0530 hrs PST. Tapes were set on short play
and recorded for a period of 120 min. During
the first recording an experimenter collected
simultaneous observational data on parental
activity from a blind approximately 30 m
away. Following tape completion, a second
tape was inserted to record an additional 120
min of nestling provisioning observations. No
additional observational data on parental activity were collected from outside the nest.
OBSERVATIONS
We collected video data on 27 May 2005
from a Western Bluebird nest containing five
nine-day-old nestlings and a single unhatched
Western Bluebird egg. In this instance, the
time stamp on the video unit failed, and observations were timed using the video counter
and calibrated using the corresponding observational data. The video nest watch began at
0520:00 hrs. At 0711:53 hrs, a female Violetgreen Swallow entered the nest box and sat in
the far left corner at the top of the nest cup.
At 0712:46, the Western Bluebird male entered the box and proceeded to peck at the
Violet-green Swallow’s head six times before
leaving the nest box at 0713:03. The Violetgreen Swallow responded to the pecking attack by tucking her head down and remaining
still. After 5 sec, the female Western Bluebird
fed a nestling from the box entrance. She appeared to ignore the Violet-green Swallow and
entered the box only to turn around, leaving
11 sec after arrival. The adult male and female
Western Bluebirds fed the nestlings twice
more while the swallow was in the nest box,
but did so without entering the nest. At 0721:
41, the first video tape ended and the second
was inserted. We estimated the time from the
ending of the first tape and beginning of the
second to be approximately 30 sec, and added
that time to our calculations. The Western
Bluebird adults did not enter the box again
while the Violet-green Swallow female was
present. At approximately 0733 hrs, the Vio-
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let-green Swallow left the nest box, leaving a
white egg on the outer rim of the nest cup
where she had been sitting. During the afternoon the video nest box and nest were replaced with the natal nest box and nest; the
Violet-green Swallow egg was also transferred. When we returned to the nest the following day the Violet-green Swallow egg was
lying broken in the bottom of the nest. There
was no second Violet-green Swallow egg.
DISCUSSION
Three hypotheses are possible explanations
for our observations: nest usurpation, brood
parasitism, and interspecific egg-dumping.
Nest usurpation is a possible explanation given that Western Bluebirds and Violet-green
Swallows are both secondary cavity nesters
whose breeding times overlap (Brown et al.
1992, Guinan et al. 2000). However, in this
instance, timing of egg-laying and the observed behavior of the Violet-green swallow
was not consistent with nest usurpation. Violet-green Swallows in our population use nest
boxes at a low frequency (Table 1), but are
common and presumably use natural cavities
as nesting sites. Previously described nest
usurpation interactions between Violet-green
Swallows and Western Bluebirds do not match
the behavior we observed. In Arizona, Brawn
(1990) observed large groups of Violet-green
Swallows taking over a nest box defended by
a Western Bluebird, but a single Violet-green
Swallow, such as we observed, was not successful in displacing Western Bluebirds. Successful use of a Western Bluebird box by a
single pair of Violet-green Swallows has been
observed, but was preceded by interspecific
provisioning of the bluebird’s young (Eltzroth
and Robinson 1984).
Brood parasitism can also be ruled out due
to improper timing of laying. We found no
record of either intra- or interspecific brood
parasitism by Violet-green Swallows in the literature (Brown et al. 1992). The placement of
the egg outside the nest cup would be inconsistent with brood parasitism behavior.
It is more likely the Violet-green Swallow
laid the egg because she was physiologically
committed to do so but was unable to lay in
her original nest, a behavior known as ‘‘eggdumping’’ (Wiens 1971). There are many documented cases of interspecific egg-dumping in
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avian species not known for brood parasitic
behavior (Bailey 1886, Holcomb 1967, Wiens
1971, Gustafson 1975, Cannell and Harrington 1984, Littlefield 1984, Carter 1987, Sealy
1989). Females may lay in another cavity because they are unable to approach their own
cavity at the time of laying, due to the presence of a predator, nest usurpation, or other
disturbance. Based on monitoring of nest boxes at Hastings Reservation, 11.2% of 98 Violet-green Swallow nests with at least one egg
failed before hatching from 1983 through
2005. This small incidence of nest failure during laying and incubation is only partially attributable to predation, but indicates that infrequent nest predation or disturbance during
laying could account for the behavior we observed. Although there are no data on conspecific nest usurpation in Violet-green Swallows, nest usurpation has been well documented in Tree Swallows (Tachycineta bicolor) (Leffelaar 1985).
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Western Bluebird Captures a Western Fence Lizard
Caitlin A. Stern1,2
ABSTRACT.—I observed a male Western Bluebird
(Sialia mexicana) capture a western fence lizard (Sceloporus occidentalis), the first reported incidence of
vertebrate-directed raptorial behavior in the Western
Bluebird. There are no previously published reports of
Western Bluebirds capturing vertebrate prey, although
1

Hastings Natural History Reservation, 38601 E.
Carmel Valley Rd., Carmel Valley, CA 93924, USA.
2 Current address: Department of Neurobiology and
Behavior, Cornell University, Ithaca, NY 14853, USA;
e-mail: cas245@cornell.edu

there is one previous report of a Western Bluebird carrying an unidentified lizard in the manner of a prey
item, and a few reports of predation on vertebrates by
the congeneric Eastern Bluebird (Sialia sialis). Received 9 January 2006. Accepted 28 June 2006.

Western Bluebirds (Sialia mexicana) are
primarily insectivorous during the breeding
season, and rely upon berry crops during winter (Guinan et al. 2000). Individual Eastern
Bluebirds (Sialia sialis), a congeneric species,
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which is also primarily dependent upon insects
and small fruits (Gowaty and Plissner 1998),
have occasionally been observed capturing vertebrate prey, such as snakes (Flanigan 1971)
and shrews (Pinkowski 1974). Beal (1915) reported the bones of lizards and tree frogs in the
stomachs of Eastern Bluebirds, as did Bent
(1949). Braman and Pogue (2005) found a
dead, 8.3-cm-long flat-headed snake (Tantilla
gracilis) in an Eastern Bluebird nest box, suggesting a past predation event. Of 217 Western
Bluebird stomachs examined by Beal (1915),
not one contained evidence of vertebrate prey.
Herlugson’s (1982) analysis of Western Bluebird stomach contents similarly yielded no evidence of vertebrate prey items, and adults
were not observed delivering vertebrate prey to
nestlings. Gaylord (1995) observed a male
Western Bluebird carrying an unidentified lizard in his bill; however, she did not observe
the capture or consumption of the lizard. There
have been no previous reported observations of
Western Bluebirds capturing vertebrate prey.
OBSERVATIONS
Western Bluebirds have been color-banded
and their breeding biology monitored at Hastings Natural History Reservation, Carmel
Valley, California, since 1983 (Dickinson et
al. 1996). While censusing a winter group on
11 October 2005, I observed a first-winter
male Western Bluebird catch a ⬃5-cm-long
western fence lizard (Sceloporus occidentalis;
Stebbins 1966) in his bill at 0928 hrs PST. The
bluebird was perched on top of a wooden
fence post, and the lizard was clinging to the
side of the post ⬃7 cm below the bluebird.
The bluebird left his perch, hovering briefly
beside the post as he seized the lizard around
its middle with his bill. This maneuver was
executed quickly, and the lizard did not attempt to flee, although it arched its body after
it was already held in the bluebird’s bill. Returning to his perch on the same fence post,
the bluebird twice beat the lizard’s head
against the post. This appeared to be an attempt to stun or kill the lizard. At 0930 hrs,
the bluebird flew with the now immobile lizard still in his bill onto the property of a private ranch. I was not able to follow and ascertain whether the bluebird consumed the lizard because this ranch is closed to researchers.

DISCUSSION
Western Bluebirds commonly beat invertebrate prey against a perch before consumption, and both Flanigan (1971) and Pinkowski
(1974) reported Eastern Bluebirds beating vertebrate prey items against perches before consuming them. The observed bluebird male
was clearly treating the lizard as a prey item.
That vertebrate-directed raptorial behavior
by Western Bluebirds has not been reported
previously, despite intensive observation of
Western Bluebird behavior, suggests that, similar to Eastern Bluebirds, Western Bluebirds
rarely capture vertebrate prey. To my knowledge, capture of vertebrate prey by the third
member of the genus Sialia (i.e., Mountain
Bluebird, Sialia currucoides) has not been reported.
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