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Density estimates of nine hornbill species in
a lowland forest site in southern Thailand
GEORGE A.  GALE and SIRIPORN THONGAREE

SummarySummarySummarySummarySummary

Hornbills are useful indicators of forest condition and human disturbance because they require
large tracts of unfragmented forest with large fruiting trees for feeding and nesting. They are
relatively large-bodied, which makes them targets for hunting. Density estimates of such species
are critical for population monitoring and serve as a baseline against which future changes
can be measured. In this study we used variable-width line transect surveys to estimate the
densities of nine hornbill species in the Bala portion of the Hala-Bala Wildlife Sanctuary on the
Thai–Malaysia border, one of the few remaining areas of lowland forest in Thailand. The
hornbill species were: Rhinoceros (Buceros rhinoceros), Great (B. bicornis), Helmeted (B. vigil),
Black (Anthracoceros malayanus), Bushy-crested (Anorrhinus galeritus), White-crowned
(Aceros comatus), Wrinkled (A. corrugatus), Wreathed (A. undulatus) and Plain-pouched (A.
subruficollis). Between January 2001 and April 2002, 11 transects along trails, old logging roads
and one paved road were surveyed once per month. A total of 1,261 observations of the nine
species were made during the observation period. Estimates for Rhinoceros and Helmeted Horn-
bill were 2.69 and 1.21 individuals/km2, respectively, and were similar or slightly higher than
densities reported elsewhere. Estimates for Great (0.12), Bushy-crested (0.64), Wrinkled (0.08),
White-crowned (0.08) and Wreathed Hornbills (0.69) were generally lower than estimates from
other areas in the region. It was not possible to obtain density estimates using distance sampling
for Black and Plain-pouched Hornbills due to the small number of observations, but our data did
suggest that their densities were also low (<0.10 individuals/km2). Potential reasons for differ-
ences between this and other areas include a scarcity of lowland habitat, habitat isolation, lower
abundance of specific fruit resources and interspecific competition, but these factors require
further investigation. Standardization of survey techniques among studies would significantly
improve assessments of habitat requirements as well as of the effects of human disturbance on
Asian hornbills, most of which are globally threatened. Our study specifically underscores the
need for additional research on the Plain-pouched Hornbill, the most threatened of the species
studied, as density estimates from elsewhere in its range are lacking, while more generally it
highlights the need to investigate the underlying causes of the often substantial variation in
hornbill densities among species and sites.

IntroductionIntroductionIntroductionIntroductionIntroduction

Relatively undisturbed lowland (<200 m elevation) forest is now rare in the Sundaic
region (Lambert and Collar 2002), particularly in southern Thailand where more
than 95% of the natural forest has been destroyed (Round 1988). Several species
of birds are dependent on this habitat and have consequently become threatened due
to this loss (Round 1988). Hornbills (family Bucerotidae) are particularly sensitive
indicators of forest condition and human disturbance because they require large tracts
of unfragmented forest with large fruiting trees for feeding and nesting, and, being
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large-bodied, are targets for hunting (Poonswad 1998, Lambert and Collar 2002).
Although the presence or absence of hornbills is now fairly well documented for the
remaining lowland forest and other forests of Thailand (Round 1988, Poonswad 1998,
Robson 2002), density estimates generally have not been produced. For some species,
such as the Plain-pouched Hornbill (Aceros subruficollis), listed as Vulnerable (IUCN
2004), almost no field data are available, while basic density data on even the Great
Hornbill (Buceros bicornis), listed as Near Threatened (IUCN 2004) and the most
widespread Asian species, are extremely limited, and are lacking entirely from the
Sundaic region. Because we were interested in the long-term management of rela-
tively rare or threatened species, unbiased estimates of density, which incorporate
some estimate of detectability, are more valuable than presence/absence or relative
abundance, as they are more likely to provide managers with comparable survey
results over time or space, and thus more accurate assessments of habitat suitability
relative to different levels of human disturbance (Karanth and Nichols 1998, Fancy
and Sauer 2000, Norvell et al. 2003). Density estimates are therefore the starting
point for monitoring populations and judging the success or failure of conservation
and management actions. Here we estimated the densities of nine species of hornbills
in a lowland forest of southern Thailand.

MethodsMethodsMethodsMethodsMethods

Focal species

We focused on nine species of hornbill, all of which are of international and/or
national conservation concern: Plain-pouched (Aceros subruficollis) listed as Vul-
nerable (IUCN 2004); Rhinoceros (Buceros rhinoceros), Great (B. bicornis), Helmeted
(B. vigil), Black (Anthracoceros malayanus), White-crowned (Aceros comatus),
Wrinkled (A. corrugatus), all listed as Near Threatened (IUCN 2004); and Wreathed
(A. undulatus) and Bushy-crested (Anorrhinus galeritus) unlisted internationally, but
considered Near Threatened nationally (OEPP undated). The Wrinkled Hornbill (the
rarest of the hornbills in Thailand) and Plain-pouched Hornbill were of particular con-
cern because they are mainly restricted to level lowland or valley-bottom evergreen
forest (Lekagul and Round 1991).

Study area

The Bala forest is part of the Hala-Bala Wildlife Sanctuary, on the Thai–Malaysia
border (5°37′N, 101°08′E; Figure 1). The Bala portion of the Sanctuary is 111.5 km2

in area and is isolated from other forests by agricultural lands on the Thai side of
the border (the 314 km2 Hala portion of the Sanctuary lies approximately 22 km to
the west) and a mix of forest and agriculture on the Malaysian side. Bala ranges in
elevation from 50 to 960 m a.s.l. and is broadly classified as tropical lowland evergreen
forest. Average rainfall is generally heavy and during the first year of the study
(2001) was >4,700 mm. During 1987–1992 Bala was partly logged along the paved
road that bisects the lower one-third of the site, and sporadically (and illegally) logged
elsewhere in the sanctuary. However, with the nine species of hornbills or approxi-
mately 29% of the currently recognized Asian hornbills present at the site (Kemp
1995), it is still one of richest in the region (M. Kinnaird in litt. 2003).
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Survey methodology

We used variable-width line transect surveys to estimate the densities of the focal
species following the methods of Bibby et al. (1992). Once per month, between
January 2001 and April 2002, we surveyed 11 transects totalling 68 km in length.
(The exception was the first survey period, which had to be spread over the period
between the end of January and the beginning of March 2001 due to initial logistical
problems.) The transects ranged from 3 to approximately 11.4 km in length and were
>200 m from each other to minimize double counting of individuals when transects
were run simultaneously. All transects were surveyed between 14 and 16 times. The
density of the vegetation and the steep terrain prevented us from creating straight
transects, and therefore survey routes followed existing trails, including old logging
roads and the one paved road (Figure 1). While surveys utilizing variable circular plots
(e.g. Marsden 1999, Marsden and Pilgrim 2003) may be less likely to violate distance
sampling assumptions and are easier to implement, they require a large number of
points (>2000) for uncommon species, and typically do not work as well for highly
mobile, relatively rare species (Lloyd et al. 1998). Although non-random selection of

Figure 1. The Bala portion of the Hala-Bala Wildlife Sanctuary. Part of the paved road was also
used as a transect and sections of some of the transects occur outside the sanctuary boundaries.
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transect locations could potentially bias results, and therefore our estimates may be
unrepresentative of Bala as a whole (Buckland et al. 2001), the home ranges of these
birds are large (>10 km2) and they often fly high (>50 m) over the canopy, so that
narrow trails and overgrown logging roads were likely to have only minimal impact
on their behaviour. However, probability of detection may have been slightly higher
along the paved road due to greater visibility. In addition, transects covered a suffi-
cient portion of the study area to be representative of most of the sanctuary, except
for the northernmost section which was largely unsurveyed (Figure 1). Transects were
marked in the field every 100 m and surveyed using GPS to assist in estimating the
closest approach distance of the birds to the transects. Surveys were carried out by
three observers who had been working in the sanctuary for several weeks before the
start of the study. During this time the authors trained the observers in species
identification and visual and aural distance estimation by testing them and then con-
firming the distance to observed birds and other random objects with a tape measure.
Observers were rotated among transects to reduce potential observer bias. Starting
and ending points of transects were reversed on alternate surveys to avoid biases
associated with time of day. Due to the length of the transects and the logistics of
getting to starting locations, surveys ran throughout the day, with the majority of
surveys conducted between 08h00 and 14h00.

On each transect, observers recorded (1) focal species (and sex when possible), (2)
number of individuals, (3) detection cue/activity (visual, vocal or flying), (4) location
of the observer on the transect, (5) estimated distance between the observer and the
focal species, (6) angle between the observer and the bird relative to the transect, and
compass direction to estimate positions on GIS maps, and (7) other relevant infor-
mation, for example the presence of a fruiting fig or other large fruiting tree species.
Birds that were observed flying (i.e. those flying birds that were not seen leaving the
area near transects) were recorded, but not used to estimate the density (following
Lloyd et al. 1998).

Analyses

Density estimates were produced using the DISTANCE 4.0 program (Thomas et al.
2003). Because our transects utilized existing trails and therefore typically did not
run straight, distances had to be recorded as the closest approach of the birds to the
trails, following Hiby and Krishna (2001), rather than the standard perpendicular dis-
tances normally used for straight transects. We used GIS and GPS to estimate closest
approach distances as birds and the trails were largely invisible beyond 30 m. For
software settings, we followed the recommendations of Buckland et al. (2001) and
those used by others for estimating the densities of the same or similar species in the
region (Kinnaird et al. 1996, Marsden 1999, Anggraini et al. 2000). Specifically, for all
species, birds were entered as clusters and distance data were grouped automatically
by the software. Both aural and visual observations were combined (following
Kinnaird et al. 1996, Marsden 1999, Anggraini et al. 2000). For the aural detections
we used the mean cluster size from our visual observations as the observed cluster
size for data input. For the model definition properties, cluster size was derived from
the mean observed cluster size, otherwise size-bias regression (regression of log clus-
ter size against estimated detection function g[x]) was used when the regression was
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significant at a = 0.15. Models were fitted using the automated sequential selection
and the Akaike’s Information Criteria (AIC) stopping rule. A wide variety of key
functions and series expansions were examined to fit detection functions to the data.
We tested primarily uniform, half-normal and hazard key functions with either the
cosine, polynomial or hermite adjustment terms. The shape of our data typically did
not require the use of the negative exponential key function. We also tested a variety
of truncation distances and found that truncating observations beyond 150 m usually
gave the best model fits, but for some species we utilized observations up to 400 m
away from the transects. We chose truncation distances based on those that provided
the lowest coefficient of variation of the density estimate (following Kinnaird et al.
1996), and then using the lowest AIC function when selecting the best model among
those with the same truncation distances and other input parameters, following
Buckland et al. (2001).

For species for which there were insufficient observations to estimate densities from
distance sampling, we incorporated simple spot-mapping methods and GIS maps of
known observations using ArcView (ESRI 1997) in which we estimated a minimum
density of individuals present in the area surveyed.

ResultsResultsResultsResultsResults

A total of 1,261 observations of the nine species was obtained during the study period.
The majority of the observations were aural rather than visual (75.7% vs 18.6%, and
5.8% observed flying). Due to inaccuracies in using the GPS for marking locations
and estimating distances to the curving transects, only 937 of the above observations
were usable for the analysis.

The number of observations each month varied considerably during the course of
the year. Ignoring the first survey period, which was spread over 3 months (January–
March), the total number of birds observed ranged from 98 during March 2001 to 205
in February 2002. Because the number of observations for each species was too small
in any given month to estimate densities using distance sampling, we used simple
count trends to examine monthly variation. There was little correlation in the number
of observations among the different species during the year (Figure 2), such that there
was no clear trend to suggest in which months surveys might be conducted most
efficiently. However, the number of monthly observations of Rhinoceros and
Helmeted Hornbills were moderately positively correlated during the study period
(Pearson rp = 0.60, P < 0.05), while the number of monthly observations of Wrinkled
and Great Hornbills were negatively correlated (rp = −0.55, P < 0.05). There was no
significant correlation between the total number of observations and the number
of visual observations, nor was there a significant correlation between total monthly
rainfall and the total number of monthly observations (rp = −0.13 and rp = −0.19,
P > 0.05 respectively).

Density estimates using distance sampling were possible for seven of the nine
species. Insufficient sample sizes for the remaining two (Plain-pouched Hornbill and
Black Hornbill) were presumably the result of low densities, and densities had to be
estimated via simple spot mapping techniques described above. Densities ranged from
2.69 individuals/km2 for Rhinoceros Hornbill to approximately 0.07 individuals/km2

for Black Hornbill (Table 1).
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Plain-pouched Hornbills were observed on six different occasions, with all the
observations occurring between March and August, suggesting that they were present
in the breeding season in Bala (February–July) but perhaps moved out of the area
during the non-breeding season. The maximum number of individuals observed at
any one time was four. For the Black Hornbill, only three individuals were observed
in total, with at least one pair, and one additional male in widely separated locations.

Figure 2. Number of birds observed of the seven most common hornbill species in the Hala-Bala
Wildlife Sanctuary between March 2001 and April 2002.

Table 1. Summary of density estimates for nine hornbill species in Bala Wildlife Sanctuary based on 16
months of observations (February 2001 to April 2002)

Species Average No. of clusters Probability Density (individuals/km2)
group sizea used for of detection

Estimate Lower Upper %
analysis (n)

95% 95% CV
CI CI

Rhinoceros Hornbill 2.8 210 0.67 2.69 1.99 3.64 0.14
Great Hornbill 1.8 27 0.56 0.12 0.08 0.19 0.21
Helmeted Hornbill 2.9 123 1.00 1.21 0.81 1.82 0.19
Black Hornbill 1.5 –b – 0.07  – – –
Bushy-crested Hornbill 5.2 31 0.37 0.64 0.32 1.28 0.36
White-crowned Hornbill 1.8 6 1.00 0.08 0.03 0.24 0.40
Wrinkled Hornbill 1.5 9 0.63 0.08 0.04 0.13 0.26
Wreathed Hornbill 2.0 33 0.30 0.69 0.40 1.18 0.26
Plain-pouched Hornbill 2.0 – – 0.09 – – –
Total 5.67

CI indicates the 95% confidence interval around the estimates and %CV the coefficient of variation of the
estimate.
aBased on visual detections only.
bEstimates based on spot mapping as there were an insufficient number of detections to use with the distance
analysis.
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For the seven species in which density estimation was possible, the coefficient of
variation was negatively correlated with sample size (Spearman rank correlation,
rs = −0.77, P < 0.05), and only became large when the sample size was small (Table 1).
Furthermore, although we were unable to independently verify the accuracy of
our estimates, we found that even with as few as nine observations it was possible to
obtain modest levels of precision similar to previous studies using distance sampling
(e.g. Marsden 1999, Nelson and Fancy 1999).

DiscussionDiscussionDiscussionDiscussionDiscussion

One method of assessing the relative conservation value of Bala is to compare densi-
ties of species found here with densities of the same species reported elsewhere,
assuming that a higher density implies better quality habitat (e.g. Ortega and Capen
1999). Overall, while precise comparisons were generally not possible due to different
sampling methodologies, Bala appeared to support a lower overall density of hornbills
than elsewhere in the region (Table 2). Of the seven sites for which we had data, only
one reported a similar density to Bala (Whitmore 1984, cited in Kinnaird et al. 1996)
while the remaining sites had 1.6–5.2 times greater densities. At the species level,
as indicated above, no previous density estimates for Plain-pouched Hornbill were
available for comparison, while the densities of two species (Rhinoceros and Helmeted
Hornbill) appeared to be similar to those reported elsewhere; densities of the remain-
ing six species (Great, Black, White-crowned, Wrinkled, Bushy-crested and Wreathed
Hornbill) were generally lower, but the reasons for the lower density appeared to vary
among species (see below).

Our data suggest that Plain-pouched Hornbill, the most threatened of the species
surveyed, use Bala for breeding, but may move out of the sanctuary during the non-
breeding season, perhaps joining large nomadic flocks previously seen in the region
(Ho and Sutari 2000, BirdLife International 2001). This species is also a lowland
specialist, and a highly localized breeder, which may account for its low breeding
densities (Rasmussen 2000), but without comparisons with other studies it is difficult
to assess the value of Bala to this species. Current data suggest that Bala is near to, or
at the edge of, a significantly larger population (flocks >900 birds) which have been
observed further to the west in Yala, Thailand and particularly to the south-west in
northern Perak, Malaysia thought to be the “global stronghold” of the species (Ho
and Sutari 2000, BirdLife International 2001). However, almost nothing is known
about these populations, and our study reinforces the point that more research needs
to be focused on the ecology and distribution of this species along the Thai–Malaysia
border.

For the two most abundant hornbills found in the study area, Rhinoceros and
Helmeted, densities were remarkably similar to sites further south in Malaysia and
Indonesia (Table 2). Rhinoceros Hornbill in particular seems to show relatively little
variation in density throughout its range, with the exception of one isolated forest
patch where 20 birds/km2 were recorded (Johns 1988, cited in Kemp 1995).

As regards possible explanations for the lower than expected densities of the other
six species, McConkey and Chivers (2004) suggested several factors including hunting
(for hornbills this could also include chick poaching: Poonswad et al. 2004), forest
isolation, fruit supplies and lack of specific habitat(s) to account for low densities of
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mammals and hornbills in their site in Central Kalimantan. In our study, we suggest
that interspecific competition could be an additional factor responsible for reduced
densities of some species (see below). Of these five factors, hunting/poaching did not
appear to be significant due to their relatively moderate levels, although these have
yet to be quantified. Additionally, even if hunting/poaching were more serious, it
seems unlikely that they would have affected the small-bodied Bushy-crested and
White-crowned Hornbill more than the larger-bodied, relatively conspicuous species
such as Rhinoceros and Helmeted Hornbill.

Great Hornbill density was considerably lower than reported from central Thailand
(based on nest densities and direct counts, Poonswad et al. 1988b) and India (based on
variable-width line transects, Raman and Mudappa 2003; and nesting densities, Datta
and Rawat 2003). The core range of the Great Hornbill probably lies in more seasonal
Indochinese forest to the north of the Kangar-Pattani phytogeographic transition
separating the more seasonal Thai–Burmese forest to the north, from perhumid
Malaysian floristic formation rainforest (van Steenis 1950, Whitmore 1984). This
suggests that this species would probably be competitively at a disadvantage in the
Malaysian-type rainforest of Bala. Presumably lower densities in this case are the
result of a combination of factors including the absence of particular habitat structure
and food resources, as well as increased competition from the closely related Rhinoc-
eros Hornbill (Emlen et al. 1986). Future studies focusing on details of these factors
may provide additional insight as to how both species might respond to a variety of
human disturbances.

Black Hornbills appear to be tightly associated with extreme lowland (<200 m) habi-
tats, including peat swamp forest (Kemp 1995, Wells 1999, Robson 2002) which are
largely missing from Bala and now most of southern Thailand, and this may account
for their rarity.

Reasons for the scarcity of the White-crowned Hornbill are far less clear. Although
probably uncommon throughout its range, it appears to be more common in mid-
elevation seasonal evergreen forest compared with non-seasonal lowland habitats. It
is regularly recorded up to 800 m (Kemp 1995, Wells 1999) and at least occasionally
as high as 1,680 m (Kemp 1995). It is considered mainly carnivorous (Johns 1987 cited
in Kemp 1995), but no quantitative dietary study has been published on this species
in contrast to other hornbills (e.g. Poonswad et al. 1988a, 2004), and therefore it is
unknown as to whether or not its diet is related to its low abundance at Bala.

With the exception of one study in E. Kalimantan (Leighton 1982), Wrinkled
Hornbill appears to occur at relatively low densities throughout its range, typically
<1 individual/km2 and perhaps often considerably lower than this. Thus, while densi-
ties at Bala were only 0.08 individuals/km2, three of the eight other sites where den-
sity estimates were available also reported similarly low values (Table 2). In addition,
like the Black Hornbill, it is associated with lowland habitats below 500 m (Wells
1999), and probably more typically found in forests below 250 m (Kemp 1995).

The relatively low density of Bushy-crested Hornbills was probably the most sur-
prising, given our moderate to high density estimates of the larger-bodied Rhinoceros
Hornbill and Helmeted Hornbill. For example, in the seven sites for which we have
reasonably complete data, on average approximately 30% of the individuals of the
entire hornbill community were of this species, while in Bala it was only 11%. It is
possible that habitat factors, and a lower availability of fruiting trees (Anggraini et al.
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2000) or perhaps more specifically a scarcity of lipid-rich fruit, which it is known
to prefer (Leighton and Leighton 1983 cited in Kemp 1995), may have contributed
to its lower abundance. In addition this species had the strongest preference for
closed canopy forest and the strongest avoidance of disturbed areas compared with
Rhinoceros, Helmeted and Wreathed Hornbills in a site in south-western Sumatra
(Anggraini et al. 2000) and was thought to prefer dense forests with a well-developed
mid-canopy (van Marle and Voous 1988 cited in Anggraini et al. 2000, Kemp 1995).
This also suggests that there may be some inherent difference in the forest structure,
perhaps exacerbated by the previous logging, that renders Bala less suitable for
this species. Radio-telemetry studies in conjunction with vegetation and food avail-
ability surveys would probably be required at sites with different densities to test the
relationship between density, home range size, food availability and forest structure.

Although they appear to be relatively more tolerant of disturbance compared with
Rhinoceros, Helmeted and Bushy-crested Hornbills (Anggraini et al. 2000), Wreathed
Hornbills, which are known to range widely during the breeding (∼10.0 km2) and
non-breeding seasons (∼28 km2) (Poonswad and Tsuji 1994), may have been limited
by the relatively small size of the Bala sanctuary (111.5 km2).

In summary, while hornbill diversity at Bala is high, and offers reasonably good
habitat for Rhinoceros and Helmeted Hornbill, habitat quality for Great, Black,
White-crowned, Wrinkled, Bushy-crested and Wreathed Hornbill seems to be only
fair to marginal. Although the density of Plain-pouched Hornbills appeared to be low,
the value of Bala to this hornbill, the most threatened species studied here, remains
unclear as this was the first published breeding density estimate as far as we are
aware. However, it is clear that the border region near Bala is an important global
population centre for Plain-pouched Hornbills and should be given higher priority for
further study. Overall, reasons for lower densities of some species were possibly the
result of scarcity of lowland habitat, habitat isolation, a lower abundance of lipid-
rich food resources and interspecific competition, but each factor requires further
investigation. In addition, we strongly encourage the use of sampling methods that
utilize detection probabilities, to make comparisons among sites, habitats and levels
of disturbance easier and more robust. Finally, although using existing trails does
present significant methodological problems, our experience suggests that where
straight transects are likely to be impractical, using curving transects is feasible and
may provide a greater number of detections than point transects.
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