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ABSTRACT. – Gibbons and hornbills are often found in close sympatry in South-east Asian forest for which 
they play an important role as seed disperser. However, between the two species, the potential redundancy 
in dispersing seeds is currently debated. This potential redundancy might play an important role for forest 
regeneration as both species are facing drastic, but of different intensity, decline in their natural habitat. 
A closer investigation between the two species fi rst show the presence of three feeding assemblages with 
gibbons isolated from hornbills and, within those a distinction between large and small body-sized birds. 
Secondly, each feeding assemblage show a different effi ciency in seed dispersal capacity with an overall 
low redundancy recorded. Thirdly, we determine the effect of the raising habitat degradation observed 
in South-East Asia on the different feeding assemblage. Although no redundancy is observed between 
the two species, for which one assemblage can substitute another one in dispersing similar plant species, 
gibbons show a larger capacity than hornbill when limited to a small area, overall small home ranges. The 
importance of hornbills emerge when seed dispersal is analyzed over a larger area and, eventually between 
habitat fragments.
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INTRODUCTION

South-east Asian mixed-evergreen rain forest is home to both 
hornbills and arboreal gibbons (Kinnaird & O’Brien, 2007; 
Lappan & Whittaker, 2009). Both sympatric species are 
highly frugivorous (Kanwatanakid-Savini et al., 2009) and 
play an important function in the regeneration of their habitat 
by dispersing a large proportion of the seeds consumed in 
their diet (Corlett, 1998; Kitamura et al., 2004a; McConkey & 
Chivers, 2007). Not all frugivores provide the same dispersal 
service to a given plant species (Howe and Estabrook, 1977; 
Clark et al., 1999) as different animal species can differ 
dramatically in their basic behaviour (i.e. moving, foraging, 
defecating) which will directly infl uence seed deposition 
(Clark et al., 1999; Clark et al., 2001). This difference in 
seed dispersal behaviour, as well as different plant species 
selection within a dispersed community is fundamental for 
habitat regeneration. Both species, gibbons and hornbills 

along with other dispersers, have been reduced in their natural 
range due to hunting (Kinnaird & O’Brien, 2007; Brodie et al., 
2009; Whittaker, 2009) and habitat destruction (Bodmer et al., 
1991; Kinnaird & O’Brien, 2007) which has clearly altered 
seed dispersal and habitat regeneration patterns (Brodie et al., 
2009). However, the two species seem to respond differently 
to degradation and hunting pressure which vary considerably 
across the landscape (Brodie et al., 2009). From an overall 
forest conservation point of view, evaluation of the degree 
of overlap between the two species in their seed dispersal 
capacity would provide a better understanding of how the 
decline of hornbill s may or may not be compensated by the 
presence of the gibbons and vice versa.

In order to determine the effi ciency of a seed disperser 
community composed of perhaps functionally similar 
hornbills and gibbons, we ask the following questions: 1) 
how many feeding assemblages are represented between 
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gibbons and hornbills but also within hornbills? 2) what is 
the effi ciency of each feeding assemblage on seed dispersion 
in pristine habitat? And fi nally, 3) what is the effect of the 
increased habitat degradation observed in South-East Asia 
(Laurance, 1999) on different feeding assemblages?

RESULTS AND DISCUSSION

General seed dispersal. – Plant-animal interactions in tropical 
habitat have serious conservation implications (Chapman, 
1995). Up to 90% of tropical plant species produce fl ashy 
fruits providing a large proportion of animal diets (Frankie 
et al., 1973). In return, animals provide the “tool” to disperse 
plant seeds (Janzen, 1970) generating a stable equilibrium 
between plants and dispersers (Karr and Freemark, 1983; 
Swaine, et al. 1987). Without dispersers seeds will fall under 
the parent tree where they can face great resource competition 
from their parents and other seedlings (Janzen, 1970), fall 
victim to seed predators (Wright et al., 2000) or degraded 
by fungi and other pathogens (Packer and Clay, 2000). The 
behaviour of frugivores will indeed affect the distance seeds 
might be dispersed (Clark et al., 2001), the amount that will 
be dropped in a single spot and the quality of the spot in 
which seeds are defecated (Howe, 1989). Moreover, through 
digestion and regurgitation process, frugivores will remove 
fl eshy pulp and can modify the seed coat structure (Lambert, 
1999) which can increase germination success in some plant 
species. In order to attract good dispersers, plants have 
evolved attractive fruit characteristics which include color, 
seed size and shape, and, ultimately, chemical composition 
(Gautier-Hion et al., 1985; Dew & Wright, 1998).

Overall, three main parameters have been suggested to 
defi ne the quality of a seed disperser: 1) the number of 
seeds potentially dispersed; 2) the chance that the seeds will 
germinate after handling or gut passage; and 3) the quality 
of the microsite where seeds are deposited for germination 
(Chapman, 1995).

As all seed dispersing animals have differences in the type 
of fruit they can disperse as well as a marked differences 
in their dispersing success, it is of interest to investigate 
their effectiveness within a specifi c community (Poulsen et 
al., 2002). Within the seed disperser community inhabiting 
tropical forests, primates and large frugivorous birds are 
considered of particular importance (Rowell & Mitchell, 
1991; Chapman, 1995; Sun et al., 1997; Dew & Wright, 
1998; Kinnaird et al., 1998; Whitney et al., 1998; Holbrook 
& Smith, 2000; Poulsen et al., 2002). Although both having 
a frugivorous diet, large birds and primates tend to feed and, 
as a consequence, disperse different types of plant species 
(Poulsen et al., 2002).

Seed dispersal between primate (gibbons) and hornbills. 
– Primates are generally considered excellent seed dispersers 
(Wrangham et al., 1994; Dew & Wright, 1998) as most 
species are largely frugivorous (Chapman, 1995), not only 
ingesting large amount of fruits (Corlett & Lucas, 1990) 
but they tend not to harm the seeds (Chapman, 1989) and 

can carry them a significant distance away from parent 
trees (Garber & Lambert, 1998). Among them, gibbons are 
considered one of the most important seed dispersers of the 
forest of South-East Asia, consuming between 57 to 72% of 
all fl eshy fruits available (McConkey et al., 2003), discarding 
very few seeds under the feeding trees and maintaining almost 
all seeds vital after defecation (Chivers & Raemaekers, 1986; 
McConkey, 2000) which are likely to germinate (Whitington 
& Treesucon, 1991; McConkey, 2005).

Among large frugivorous tropical birds, hornbills are 
considered the most efficient group of seed dispersers 
(Kinnaird et al., 1998; Holbrook & Smith, 2000), dispersing 
as much as 20% of the plant species community (Whitney 
et al., 1994). Like gibbons, hornbills feed on ripe fruit at 
high rates and drop, un-harmed, seeds at relevant distances 
from parent trees (Howe & Smallwood, 1982). Moreover, 
hornbills can also consume fruits, and as a consequence 
seeds that, due to their large size, are ignored by most of the 
other frugivorous birds and smaller mammals (Kinnaird & 
O’Brien, 2007). However, a major difference with gibbons 
is that most of the fruits are stored in their crop and seed are 
later spitted after the pulp is detached and therefore rarely 
ingested (Kinnaird & O’Brien, 2007).

Besides being considered good seed dispersers, gibbons and 
hornbills share a similar niche in the forest by selecting mainly 
ripe, sugar-rich fruits (Leighton, 1998; Poonswad et al., 1998) 
of bright coloration (Suryadi et al., 1994, Kanwatanakid & 
Brockelman, 2005) which they both harvest on the outer part 
of the tree canopy (Carpenter, 1967; Kemp, 1995). This could 
suggest a major overlap in their diet which is expected to 
result in a redundancy of their seed dispersal activity within 
the forest community (Poulsen et al., 2002). In this case, a 
community-level approach will provide information both 
on smaller differences that might result in large variation in 
seed dispersal effi ciency, and in the contribution of gibbons 
and hornbills to the seed shadows of plants (Poulsen et al., 
2001).

Determination of feeding assemblage. – Hornbills range 
over all of tropical and sub-tropical Asia, as well as Papua 
New Guinea and Africa (Kemp, 1995), over this range 
they can be found in rich communities with several species 
living sympatrically (Holbrook & Smith, 2000; Gale & 
Thongaree, 2006; Kanwatanakid-Savini et al., 2009) with 
often a simple ecological division into two sub-communities 
based on body size (Kanwatanakid-Savini et al., 2009). On 
the other hand, the overall distribution of gibbons appears 
smaller, ranging in tropical and sub-tropical Asia between 
East India to Indochina, Sumatra, Borneo and eastern Java 
(Chatterjee, 2009) and rarely occur sympatrically with 
other species of gibbons (Geissmann, 1995). However, 
three exceptions are observed in limited geographical areas 
usually at the headwaters of major rivers (Geissmann, 1995) 
where sympatry has resulted in both mixed species groups 
(Brockelman & Gittins, 1984) and low level of hybridization 
(Groves, 1972; Marshall & Brockelman, 1986; Chivers & 
Burton, 1991; Geissman, 1995). Concerning gibbons we 
can only talk about a “community” within the range of the 
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siamang (Symphalangus syndactylus) who is generally found 
sympatrically with the agile gibbon (Hylobates agilis), in 
Southern Sumatra, and with the white-handed gibbon (H. lar) 
in northern Sumatra and the Malaya Peninsula (Chatterjee, 
2009). The stability of this sympatry is explained by the 
difference in diet with the siamang which is largely folivorous 
(MacKinnon, 1977; but see Elder, 2009).

The work of Kanwatanakid-Savini et al. (2009) suggested 
a clear distinction between the gibbons and hornbills in the 
feeding assemblage in the largely undisturbed forest of Khao 
Yai National Park, Thailand, where one species of gibbon 
was found sympatrically with four species of hornbills. 
Moreover, two feeding assemblages were described within 
the four sympatric hornbill species based on large body size 
(Great and Wreathed Hornbills) and small body size (Oriental 
Pied and White-throated Brown Hornbills). Similar body size 
variation, also related to the microhabitat used, was observed 
between the Red-knobbed and the Sulawesi Tarictic Hornbills 
(Kinnaird & O’Brien, 2007).

Differences in foraging strategy exist between the two 
hornbill feeding assemblages with large-bodied hornbill 
fl ying over the canopy looking for large emergent fruiting 
trees (Kemp, 1995) while small-bodied hornbill tend to 
move through the forest also using smaller fruiting crowns 
similar to gibbons (Kanwatakid-Savini et al., 2009). It is this 
difference in feeding behaviour that generate a slightly higher 
diversity in the diet of small-bodied hornbills compared to 
large-bodied hornbills (Kanwatakid-Savini et al., 2009), as 
the birds will not only feed on the few species that generate 
large crowns but also on smaller fruiting species typical 
of the understory. Like other Asian primates (Kappeler & 
Heymann, 1996) greater diet diversity, signifi cantly higher 
than observed in hornbills, was observed in gibbons. Not only 
do they move within the forest canopy, as in small-bodied 
hornbills, foraging in smaller understory crowns, gibbons 
also have the capacity, like other primates (Fleagle, 1988), to 
access a larger variety of species by manipulating their food 
as well as detaching the pulp from seeds through digestion 
(Kanwatanakid, 2000) which does not limit them to dehiscent 
fruits as in hornbills (Poonswad et al., 1998). Poulsen et al. 
(2001) using the number of dispersed species as an indicator 
of disperser quality suggested that the primate community 
dispersed more species than the hornbill community in the 
Dja Reserve, Cameroon.

Overall only a minimal redundancy in diet composition 
(plant species) is observed between the two species based 
mainly on fi g consumption (Kanwatakid-Savini et al., 2009). 
The selection of the fruit species to be consumed is based 
on their size, color, shape, and ease of harvest, which also 
indicate their nutritional content (Grether et al., 1992). 
Gibbons provide their dispersal services to a larger number 
of species, also due to their lower selectivity. During the fi rst 
six months of the year, gibbons selected 35 plant species 
between trees and climbers, while, for the same period of 
the year, both hornbill assemblages selected 26 plant species 
(Kanwatanakid-Savini, 2009). Like gibbons (McConkey, 
2009), hornbills also show a particular interest in climbers 
(Kitamura et al., 2004b).

In primates, we observe a consistency in the traits selected 
in fruits (Sourd & Gautier-Hion, 1986, Wrangham et al., 
1998) with the priority given to fruits which are yellow or 
orange in color, covered by a rind-like skin, a sweet juicy 
pulp, with one or a few well-protected seeds (Gautier-Hion 
et al., 1985; Sourd & Gautier-Hion, 1986). Gibbons seems 
to refl ect the “primate pattern” in selecting their food with 
a particular preference for large, yellow colored fruit (red 
and black appears to be underselected) showing a juicy 
soft pulp (McConkey et al., 2002). However, the work of 
McConkey and coauthors (2002) showed that, in addition 
to fruit characteristics, fruit abundance in the habitat is the 
major force driving food selection by gibbons.

Fruit selected by Asian hornbills are often of large size 
as, due to their large bill, they often are among the only 
consumers (Kitamura et al., 2002); however, smaller fruits 
are also consumed (Kitamura et al., 2004b). Selected fruits 
are usually of easy access within the canopy, due to their 
limited manipulation capacity, show dark colorations such 
as red, purple or black (Suryadi et al., 1994; Kitamura et al., 
2004b) which refl ect a general selection pattern in frugivorous 
birds (Corlett, 1996). As mentioned above, fruit selected by 
hornbills are generally dehiscent, or indehiscent but only 
when coated by a thin husk (Kitamura et al., 2004b). In order 
to limit their body weight while in fl ight, hornbill consume 
predominantly dehiscent fruit (Johnson et al., 1985) for which 
seeds can be easily detached from the fl esh with the use of 
their large bill and then spat out.

Determination of the effi ciency of each feeding assemblage. 
– Following Chapman (1995), seed dispersers can be 
evaluated based 1) on the number of seeds potentially 
dispersed, 2) the potential germination of those seeds after 
dispersal, and 3) the quality of the sites they are deposited. 
Moreover, we can add 4) the distance from the parent tree 
at which seeds are dropped (Schupp, 1993).

Size and number of seeds potentially dispersed. – A major 
distinction between the two taxa is related to what happens 
to the seed after the fruit containing it is selected. Gibbons 
generally ingest fruits with an average seed length of 20 
mm (McConkey et al., 2002). Larger seeds, up to 40 mm, 
were sporadically ingested but were considered infrequent 
in their diet (McConkey, 2000). In hornbills, seed ingested 
and later regurgitated are smaller, with an average length 
of 11 mm with maximum length between 32 and 35 mm, 
during both breeding (Kitamura et al., 2004b) and non-
breeding seasons (Kanwatanakid-Savini unpublished PhD 
data). Hornbills tend to digest usually only very small seeds, 
0.05 g in weight, generally from the genus Ficus (Kinnaird 
& O’Brien, 2007).

The amount of ingested fruit, which indicates the number 
of ingested seeds, is often defi ned by the time an animal 
spends in a selected fruiting tree (Savini et al., 2008). This 
time period is on average similar between gibbons, 20 to 
30 minutes (T. Savini unpublished data), and hornbills, 
between 10 to 30 minutes (Suryadi et al., 1998). When 
we look at the potential seed dispersal capacity among the 
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different assemblages, we need to take into account the 
overall density for each assemblage and its relative biomass; 
as biomass is often used to defi ne the amount of resources 
consumed in a given area (Kinnaird & O’Brien, 2005) from 
which the number of dispersed seeds can be extrapolated. 
White-handed gibbon density at the Mo Singto study area 
was approximately 17.5 animals per km2 in 2005 (T. Savini 
unpublished data). The total hornbill density in the same 
area was of about 41.4 animals per km2 with 5.5 animals 
per km2 for the large-bodied birds (Great and Wreathed 
Hornbills) and 35.9 animals per km2 for the small-bodied 
birds (Oriental Pied and White-throated Brown Hornbills) for 
the 2004 – 2006 period (G. A. Gale unpublished data). The 
total biomass for gibbons was about 105 kg per km2, higher 
than what was observed for similar body-sized Hylobatidae 
(Yanuar, 2009); the total biomass for hornbill 38.7 kg per 
km2 with 13 kg per km2 for the large-bodied birds and 
25.8 kg per km2 for the smaller-bodied birds. From these 
differences, we can conclude that gibbons overall have the 
potential to transport a larger amount of seeds followed 
by smaller-bodied hornbills and lastly by larger-bodied 
hornbills. However, in the Dja Reserve in Cameroon, Clark 
et al. (2001) showed that, despite their low density, large 
frugivorous birds, including hornbills, contributed more seeds 
to the seed rain than the four sympatric primate species. 
However, no data on biomass differences between the two 
taxa were reported, but substantial differences exist between 
other primates and gibbons with this last group considered, 
among Asian primates, as one of the most effi cient seed 
dispersers (Corlett, 1998).

Potential germination after dispersion. – A very large 
proportion of ingested seeds are dispersed by hornbills and 
gibbons. Hornbills disperse almost 100 % of what they 
ingest (Kinnaird & O’Brien, 2007), while gibbons disperse 
90% (McConkey & Chivers, 2007). Hornbills, due to their 
“gentle” feeding behaviour, do not harm any of the ingested 
seeds (Kinnaird & O’Brien, 2007) while gibbons destroy up 
to 12% of what they ingest (McConkey, 2000). Germination 
rates for defecated seeds were estimated at 95.5 % for gibbons 
with 41 % of ingested species having a higher germination 
after digestion, while only 12 % of the ingested species 
had a lower germination rate after gut passage (McConkey, 
2000). For hornbills, 95.8 % of defecated seeds germinated 
successfully (Whitney et al., 1998).

Gut passage time, mainly related to seed size both in birds 
(Holbrook & Smith, 2000; Fukui, 2003) and in primates 
(Wrangham et al., 1994), was reported to be between 15 
and 50 hours for gibbons (McConkey, 2000). Hornbills have 
a much shorter gut passage time (83 minutes) (Kinnaird & 
O’Brien, 2007) mainly because of the smaller size of the 
seeds that they typically ingest. However, for sporadic large 
seeds ingested, a gut passage time of more than 10 hours was 
recorded (Holbrook & Smith, 2000). Due to their behaviour 
of storing seeds in their crops, a regurgitation time was even 
faster (67 minutes) (Kinnaird & O’Brien, 2007).

Quality of the sites where seeds are deposited. – When seeds 
accumulate in particular sites, this is typically detrimental 

for seedling survival, causing similar mortality rates to those 
found in seeds dropped under parent trees (Krijger et al., 
1997). Due to their behaviour, both hornbills and gibbon 
can cause seed accumulation.

Large seed deposition rate under nesting trees was observed 
in hornbills (Kinnaird, 1998) probably as a direct consequence 
of their nesting behaviour and their particularly long nesting 
period, between 90 and 120 days (Poonswad et al., 2004). 
For most of the dispersed species, this large deposition 
under nesting trees indirectly causes high seed mortality as 
seeds are attacked by the same organisms as if they were 
dropped, un-dispersed, under their mother tree (Kitamura et 
al., 2004c). For example, very low survival was found in fi gs 
as hornbills mainly consume large stranglers (Kitamura et 
al., 2002), which do not survive well when dropped on the 
forest fl oor (Kitamura et al., 2004c). Overall, accumulations 
under nesting trees appear limited to breeding hornbills, as 
the adults which are not breeding due to nest-site limitations 
(Poonswad, 1995) and the animals not yet sexually mature 
deposit seeds throughout the forest (Kinnaird, 1998).

During the non-breeding season, seed accumulation occurs 
under roosting sites re-used on consecutive days, where 
hornbills can gather in extremely large numbers. Up to 1000 
Wreathed Hornbills (Aceros undulatus) where observed at a 
single roosting site in Khao Yai National Park (Poonswad 
& Kemp, 1993). Low survival under roosting tree crowns, 
where seedling density was high, was observed as few of 
the seedlings hardly survived their fi rst year of life, making 
the dispersion under roosting trees disadvantageous from 
the plant’s perspective (Kitamura et al., 2008). However, 
due to short gut passage times and regurgitation times in 
hornbills, only a small proportion of ingested seeds are likely 
to be deposited under roosting crowns and probably derived 
from plant from the last feeding bout of the day (Kitamura 
et al., 2008).

Seeds also often accumulate at primate sleeping nests 
(Julliot, 1997; Rogers et al., 1998). However, accumulation 
of dispersed seeds under sleeping trees was less important in 
gibbons. Overall, only 1.2% of ingested seeds were dispersed 
under sleeping trees (McConkey, 2000) as gibbons defecate 
before entering their sleeping tree in the evening and after 
leaving it in the morning (T Savini personal observation). 
Overall re-use of night trees on consecutive nights in gibbons 
is rarely observed, as animals tend to avoid the same trees as 
an anti-predator strategy (Phoonjampa et al., 2010). Due to 
their long gut passage time, seeds are never defecated under 
the parent tree while foraging. However, due to the small 
size of their home range, gibbons can revisit on consecutive 
days the same fruiting tree. Because of this, approximately 
5.6 % of seeds were defecated by chance under the parent 
tree (McConkey, 2000). Under fruiting trees, a relatively 
high defecation rate is observed as gibbon stop here for a 
long period of time while foraging; however eventual seed 
accumulation did not seem to affect germination success 
(McConkey, 1999). As for hornbills, defecated seeds by 
gibbons do not appear evenly distributed through the forest 
but can accumulate along frequently used travel pathways, 
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generating regions with higher concentrations of seeds 
(McConkey, 2000).

Distances from the parent tree seeds are dropped. – Gibbons 
travel on average 1300 m per day over a home range of 
approximately 25 ha (Savini et al., 2008) with a maximum 
linear distance of approximately 500 m (T. Savini unpublished 
data). In large-bodied hornbills, average daily travel route 
ranged between 11 and 8.5 km (non-breeding vs. breeding 
season respectively) over a home range of between 42 and 8 
km2 with an average distance travelled per hour ranging from 
>1 km in the non-breeding season to 0.6 km in the breeding 
season (Kinnaird & O’Brien, 2007). Smaller-bodied hornbills 
travelled on average 4.5 km daily, and 0.4 km per hour, over 
a home range of about 1 km2 (Kinnaird & O’Brien, 2007). 
Thus, both hornbills and gibbons are likely to disperse seeds 
away from parent trees as seeds deposited only a few crowns 
from the parent, between 2 to 10 meters, is typically all that 
is required to increase germination and survival (Becker & 
Wong, 1985; Schupp, 1988).

Effect of habitat loss on each assemblage. – A botanically 
intact forest appears beautiful today but will not have a future 
if the decline of their resident animal community, providing 
seed dispersal services, continues to decline (Redford, 1992). 
Due to their importance in forest regeneration, a decline 
in primate (Wright et al., 2000) and hornbill (Kinnaird & 
O’Brien, 2007) communities may speed the forest degradation 
process by altering seed dispersal, seed predation and seedling 
recruitment processes.

When comparing the general seed dispersal efficiency 
between gibbons and hornbills, the three major assemblages 
are similar and both taxa are among the few forest species 
that can ingest large seeds and disperse them (see table 3 
in Kitamura et al., 2002). In pristine habitats, gibbons tend 
to disperse a larger number of species but over a small area 
constantly over the year. On the other hand, hornbills tend 
to disperse over a larger area which, however, changes 
drastically between breeding and non-breeding seasons. In 
fragmented habitats, as seed disperser may help re-colonize 
new sites (Dalling et al., 2002; Levine & Murrell, 2003), 
gibbons are limited to primary forest patches, as they tend 
to inhabit only these habitats (Whittaker & Lappan, 2009), 
where they do not guarantee genetic variability in plants; 
while hornbills, depending on their body size, can potentially 
disperse seeds between fragments and increase plant genetic 
variability. In addition, because some hornbills use disturbed 
habitats for nesting, they probably serve as agents to their 
regeneration (Datta, 1998; Kinnaird & O’Brien, 1999). 
Moreover, small-bodied hornbills such as Oriental Pied 
Hornbill (Anthracoceros albirostris) have been observed 
nesting in highly disturbed habitat composed of a mix of 
secondary forest with old plantation in Pulau Ubin, an island 
off Singapore (Chan et al., 2007).

When looking at animal biomass, we assume a larger 
importance for gibbons as seed dispersers in intact forest 

due to their capacity of ingesting a larger number of seeds 
from an overall larger number of species. However, some 
redundancy was observed between the two taxa mainly 
regarding Ficus, which appeared to be best dispersed by 
gibbons as seeds were dropped directly on tree branches 
while hornbills tended to drop them on the forest fl oor. 
However, their seed dispersal activity remain limited to small 
home ranges located exclusively in pristine habitat. On the 
other hand, hornbill tend to feed mainly on dehiscent fruits 
which are usually a low proportion of gibbon diet (T. Savini 
personal observation). Moreover, due to their capacity for 
long distance fl ight, hornbills may play an important role in 
the maintenance and regeneration of South-east Asian forests 
which have high rates of deforestation, fragmentation, and 
disappearance of megafauna (Poonswad & Kemp, 1993; 
Kinnaird, 1998; Whitney et al., 1998; Holbrook & Smith, 
2000; Poulsen et al., 2002; Corlett, 2007; Kinnaird & O’Brien, 
2007). However, two questions need to be raised here: (1) 
what is the capacity of hornbills to fl y over disturbed areas 
to connect forest patches? Species such as the Great Hornbill 
have been reported fl ying over agricultural land while moving 
between closely located forest fragments. However, other 
species, such as the Helmeted Hornbill do not even fl y in 
proximity of forest edge (Kinnaird & O’Brien, 2007). In 
this case, other species such as Green and Imperial Pigeon 
might have a more important role in connecting fragments 
as they are reported to consume seeds of similar size as 
hornbills (Kitamura et al., 2002). (2) What is the effect of 
habitat degradation and fragmentation on hornbill survival? 
As hornbills are known to prefer large patches of pristine 
forest (Kemp, 2001) and their numbers have been already 
reduced by habitat degradation in several areas (Kinnaid & 
O’Brien, 2007).

In conclusion, both taxa are complementary to each other 
in the regeneration of tropical forest and the disappearance 
of either one may drastically affect forest regeneration. 
Furthermore, the function of macaques, which are also 
typically found throughout Southeast Asia, as seed dispersers, 
should be investigated in greater detail. The genus is usually 
found in sympatry with gibbons, with which they share most 
of their diet but are capable of surviving in highly degraded 
habitats, which together with small-bodied hornbill, could 
actively help in habitat regeneration. However, their function 
as seed disperser remains controversial as macaque have 
been shown to be both effi cient seed dispersers (Latine et 
al., 2008) and seed predators (McConkey, 2009).
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