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occurrence at broad scale. With the combination of stochastic events and habitat loss, small-
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proximity to large neighborhood forest complexes is imperative for future hornbill persistence. 
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CHAPTER 1 

INTRODUCTION AND STUDY SITE  

INTRODUCTION  

During the last 20 years, the island of Sumatra has experienced some of the highest rates 

of deforestation in the world (e.g. Laurance 1999, Holmes 2001).  During 1985 – 1997, 6.7 

million ha of forest were lost (FWI/GFW 2002) and all major protected areas on the island were 

impacted (Kinnaird et al. 2003, Linkie et al. 2004, Gaveau et al. 2007).  The World Bank (2001) 

reported at Lampung Province has the second highest deforestation rate of any Sumatra province, 

with approximately 44% of forest cover lost over the last 12 years.  There, the average forest size 

has declined by a factor of four, and the number of fragments has doubled (Hadiprakarsa et al. 

2007).  Today, Lampung Province is the most densely human-populated and the poorest 

province in Sumatra (188 people/km2; data from Indonesia’s Central Bureau of Statistic 2000); 

burgeoning human populations and the coincident deforestation continue to eliminate wildlife 

habitat, and what remains is highly fragmented.  

Hornbills (Family Bucerotidae) are the most widespread, large, frugivorous birds in the 

Old World tropics (Kemp 1995).  Indonesia is home for 13 hornbill species, making this country 

the richest and the most important country for hornbill conservation in Asia.  With 9 species, the 

second largest island of Sumatra is the most diverse hornbill island in the country and in Asia 

realm.  Sumatran hornbills inhabit lowland to mountain evergreen rainforest at elevations up to 

1800 m, but most are commonly found in the primary, lowland evergreen rainforest (MacKinnon 

et al. 1993, Table 1.1).  In southern Sumatra, Lampung province, most of the remnant forest 
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patches are occupied by hornbills with at least one species found in most forest patches 

(Hadiprakarsa et al. 2007).  The largest forest patch in the landscape, Bukit Barisan Selatan 

National Park (BBSNP), holds most of the hornbill species.  

The Indonesia Government has provided legal protection to the entire hornbill family in 

Indonesia (Noerdjito and Maryanto 2001).  The IUCN has listed nearly half of Indonesian 

hornbills as Threatened and one considered Vulnerable; the main threats are habitat loss, habitat 

fragmentation and hunting (IUCN 2007).  Most of common species have been studied with at 

least some aspects of their biology investigated.  However, much of this information comes from 

Thailand (e.g. Tsuji et al. 1987, Poonswad et al. 1988, Kanwatanakid-Savini and Poonswad 

2007).  In Indonesia, a few studies of hornbills were conducted in Kalimantan and Sulawesi (e.g. 

Leighton 1982, Suryadi et al. 1998, Kinnaird and O'Brien 1999).  However, there are still 

information gaps for hornbill species in Sumatra and studies are limited to the 4 common species 

(Anggraini et al. 2001, Hadiprakarsa and Kinnaird 2004, Hadiprakarsa et al. 2007). Detailed 

status and distribution of hornbills, breeding biology, demographic studies, movement patterns 

and dispersal are generally unavailable for most of the species (Kinnaird and O'Brien 2007).  

Therefore, this gap in data makes it difficult for management and conservation of these species.   

From desert arid regions of Africa to tropical rainforest in Asia, hornbills play unique 

roles in the folklore and rituals in many human cultures. There are also economical and political 

implications of hornbill conservations (Kemp 1995, Kinnaird and O'Brien 2007).  Hornbill body 

parts, such as tail feathers, heads and casques are used as costume ornamentation for cultural 

ceremonies (Kinnaird and O'Brien 2007).  In Asia, at least two-thirds of hornbill species have 

been hunted and exploited for consumption (Bennett 2000, Johnson et al. 2003, Setha 2004, 

Datta 2007, Oliver and Wilkinson 2007).  TRAFFIC Southeast Asia has only reported a few 
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records of hornbills as part of the pet trade in Sumatra during 1997-2001 (Sheperd et al. 2004). 

However, this information was reported for only a single province in west Sumatra, therefore 

hunting and trade of Sumatra hornbills occur at unknown rates (Y. Hadiprakarsa, personal 

observation).    

Asian hornbills are large-bodied species, ranging from 0.5 to 2.5 kg (Kemp 1995) and are 

highly frugivorous (Kinnaird et al. 1996, Hadiprakarsa and Kinnaird 2004).  Hornbills are 

capable of moving long distances to search for fruit resources that are patchily distributed and 

fluctuate over time (Tsuji et al. 1987, Suryadi et al. 1998, Holbrook et al. 2002).  Hornbill studies 

in Asia (Kinnaird 1998) and Africa (Holbrook and Smith 2000) have found that hornbills are 

very effective in dispersing seeds, thus it has been suggested that hornbills may play important 

ecological roles in forest regeneration.  To fulfill their energy requirements, hornbills rely 

heavily on fruit and a small number of small vertebrates and invertebrates in their diet.  Food 

habit studies on various hornbills in Asia showed that figs (Ficus spp.) comprise 69% to 98% of 

their overall diet (Poonswad et al. 1983, Kinnaird et al. 1996, Datta and Rawat 2003, 

Hadiprakarsa and Kinnaird 2004).  However, their diet may change slightly during the breeding 

season to adjust nutrient supplies for chick development (Poonswad et al. 2004).  

Hornbills are secondary cavity nesting birds, and are excavate to unearth their own nest 

cavities. A previous study found that suitable natural cavities for hornbill nests are commonly 

found within large trees with a diameter at breast height (DBH) over 65 cm (Poonswad et al. 

2000, Cahill 2003).  Therefore, availability of suitable tree cavities is a key factor for 

maintaining hornbill populations (Kemp 1995).  Synthesizing from numerous hornbill studies in 

Asia, there are 3 indispensable features required for hornbill persistence: 1) ample food 

resources, 2) an adequate number of large trees with suitable nest cavities for hornbills to breed, 
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and 3) sufficient habitat area to support viable populations.  These critical components of their 

natural history make them susceptible to fragmentation of tropical forest (Terborgh and Winter 

1980, Lambert 1992, Datta 1998, Anggraini et al. 2001), and also to reduction in quality of forest 

habitats (Kinnaird and O'Brien 2007). 

With increasing tropical forest loss and isolation of remaining forest patches, persistence 

of forest species is likely to be dependent on their ability to persist in fragmented landscapes.  

Island biogeography theory (MacArthur and Wilson 2001) and metapopulation theory (Levins 

1969) have provided a conceptual basis for evaluating the contributions of colonization and 

extinction of wildlife in a fragmented landscape. Several studies have suggested that forest 

fragmentation can affect bird community richness (e.g. Telleria et al. 2003, Sodhi et al. 2005), 

distribution (e.g.Waltert et al. 2004, Veech 2006), abundance (e.g.Lampila et al. 2005, Stouffer 

et al. 2006), forest occupancy (e.g. Villard et al. 1999, Gibson et al. 2004) and in extreme cases, 

can lead to species extinction (e.g.Newmark 1991, Castelletta et al. 2000). Most of the major 

fragmentation studies have come from the Neotropics and have concentrated on understory and 

small—bodied bird species in relatively few forest patches (e.g. McGarigal and McComb 1995, 

Stouffer and Bierregaard 1995, Christiansen and Pitter 1997, Lee et al. 2002).  However, there is 

a paucity of studies on the effects of fragmentation on large, canopy-dwelling (Galleti 1996) and 

wide-ranging bird species, especially those in the Asian tropics (Laurance and Bierregaard 

1997). 

Hornbill populations may be able to persist in small forest patches and disturbed habitats 

in a landscape (Datta 1998, O'Brien et al. 1998, Raman and Mudappa 2003, Sitompul et al. 

2004), but this ability likely varies among species according to habitat needs, landscape 

configurations, and dispersal abilities.  Few studies have directly addressed the effects of habitat 
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fragmentation at the landscape level on Asian hornbills; most have mainly considered the impact 

on one or two species in predominantly forested landscapes.  A study on the effect of forest 

fragmentation on hornbill communities in southern Sumatra (Hadiprakarsa et al. 2007) found 

that forest patch size is important to maintain the hornbill community, specifically for large 

bodied and wide ranging hornbill species.  Previous studies in India (Raman and Mudappa 

2003), Thailand (Pattanavibool and Dearden 2002) and Sumba, Indonesia (Sitompul et al. 2004) 

reported similar results.  Therefore, more understanding of the effect of anthropogenic habitat 

change on distribution and occupancy patterns of hornbills is a prerequisite to their habitat 

conservation and management. 

Conserving hornbills and their habitat in fragmented landscapes must include 

understanding and application of biological studies, and integration with conservation action. 

Each species has a specific habitat requirements (Wiens 1989). Identifying key habitat variables 

with their spatial arrangement to which a species responds, and developing habitat models to 

predict species occupancy, are important tools to develop species conservation plans (Gibson et 

al. 2004, MacKenzie 2006) and for landscape conservation planning (Sanderson et al. 2002).  

Many ecological studies have been done using species occurrences to model habitat 

relationships (e.g., Donovan and Flather 2002, Gibson et al. 2004, Moore and Swihart 2005), 

resources selection (MacKenzie 2006), and estimating colonization and local extinction from site 

occupancy (MacKenzie et al. 2003).  However, collecting such information without taking 

detection probability into account could lead to a seriously biased result (MacKenzie et al. 2006). 

Several studies have shown that imperfectly detecting species is a common problem in many 

wildlife studies (MacKenzie et al. 2006). Recently, MacKenzie et al. (2006) developed a 

likelihood-based method for estimating the proportion of area (patch) occupied when species are 
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detected imperfectly and detection probability varies among species or habitats.  Here, species 

detection probability is defined as the probability of detecting at least one individual of the 

species during a particular sampling occasion.  With careful use, applications of this method 

provide biologists with a better and more efficient utilization of collection data. 

The major goal of this research was to assess patch occupancy characteristics of hornbills 

in Lampung province and to assess spatial and environmental characteristics important in 

predicting hornbill community persistence in forest patches, thereby extending the initial work of 

Hadiprakarsa et al. (2007).   

The first objective of this study was to identify habitat relationships and resource 

selection among Sumatran hornbill species. I describe the best habitat parameters to predict 

hornbill occupancy in a fragmented landscape in Chapter 2.  

Second, I performed a spatial modeling exercise to predict probability of occurrences for 

Sumatran hornbills at a broad scale. In Chapter 3, I develop spatially explicit habitat models 

(SEHM) of four Sumatran hornbills to predict probability of occurrence as an approach to 

identify habitat requirement at broad scales that can provide an alternative management tool for 

hornbill conservation in a fragmented landscape in southern Sumatra, Indonesia. 

STUDY SITE 

The study was conducted in the Southern Sumatra landscape, encompassing 

approximately 3.5 million ha of land and stretching across the province of Lampung and a small 

portion in Bengkulu province, Sumatra (3o45'S and 103o40'E, Figure 1).  The topographical 

gradient ranges from gentle slopes (<16.5o) to steep slopes  (> 16.5o), with elevation from 0 to 

2200 m above sea level.  Forest type varied from lowland to montane dipterocap forest.  The 

annual rainfall is generally high, ranging between 2000–4000 mm and temperature ranges from 
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20–34o Celsius, although there can be severe droughts during El Niño Southern Oscillation 

phenomena (Hedges et al. 2005).  Lampung province contains 2 large and important protected 

areas, Bukit Barisan Selatan National Park (BBSNP) and Way Kambas National Park (WKNP).  

These two national parks serve as a major wildlife refuges for a number of charismatic and 

endangered mammals species, such as Sumatra tiger (Panthera tigris), Asian elephant (Elephas 

maximus), Sumatran rhino (Dicerorhinus sumatrensis) (Foose and van Strien 1997, Franklin et 

al. 1999), and more than 200 species of birds (van Marle and Voous 1988, Y. Hadiprakarsa 

unpublished data).  

Between the late 1950s and 1989, much of Lampung’s forest was cleared as part of the 

Indonesian Government’s Transmigration Program.  This government program moved people 

from Java to Sumatra in large numbers.  By 1981, 60% of the population of southern Sumatra 

consisted of transmigrants.  This was followed by a period of spontaneous migration of people 

leaving the overcrowded, neighboring island of Java (Benoit et al. 1989).  In the 1980s, 30 native 

forest patches existed in Lampung province ranging in size from 452 ha to 205,440 ha. However, 

by 2000s, as much as 35% of forest cover was lost, and several patches present in the 1980s had 

disappeared (Hadiprakarsa et al. 2007). Remnant forest patches in 2000 were dominated by 

lowland evergreen forest (<500 msl) to hill forest areas (1000 msl).  These patches were 

surrounded by dense human settlement, plantations and an agricultural matrix.  Most of forest 

loss in the landscape occurred in the outside of two national parks (Gaveau et al. 2007) and was 

primarily caused by illegal logging and agricultural practices, such as coffee plantation (Kinnaird 

et al. 2003, Gaveau et al. 2007). (IUCN 2007, UNEP-WCMC 2007) 
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Table 1.1.Common names, scientific names and current conservation status of hornbills occurring in Sumatra, Indonesia. 
 

Conservation Status Scientific Name1 Common Name1 Weight/ranging pattern2 

INDO3 IUCN4 CITES5 

Berenicornis comatus White-crowned Hornbill 1.3 – 1.4 kg/Territorial P NT II 

Aceros corrugatus Wrinkled Hornbill 1.3 – 1.6 kg/Non-territorial P NT I 

Rhyticeros undulatus Wreathed Hornbill 1.9 – 2.5 kg/Non-territorial P LC II 

Buceros bicornis Great-pied Hornbill 2.6 – 3.4 kg/Non-territorial P NT I 

Buceros rhinoceros Rhinoceros Hornbill 2 – 2.9 kg/Non-territorial P NT II 

Rhinoplax vigil Helmeted Hornbill 2.5 – 3.1 kg/Non-territorial P NT I 

Anorrhinus galeritus Bushy-crested Hornbill 0.9 – 1.2 kg/Territorial P LC II 

Anthracoceros albirostris Oriental Pied Hornbill 0.6 – 0.7 kg/Territorial P LC II 

Anthracoceros malayanus Malay Black Hornbill 0.6 – 1 kg/Territorial P NT II 
1 Kemp (2001), 2 Kemp (1995), 3Indonesia Natural Resources Act No. 5, 1990 and Indonesia Government Regulation No. 7, 1999; 4 

International Union for Conservation of Nature and Natural Resources (IUCN) 2007. 5 United Nations Environment Programme-

World Conservation Monitoring Centre (UNEP-WCMC) 2007. Abbreviation: P= Protected; NT=Near threatened; LC=Least concern;  

I and  II, appendices in Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).  



 

 

18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Location of Lampung Province, Sumatra, Indonesia. 



 

 

CHAPTER 2 

RELATIONSHIP OF HABITAT AND RESOURCE SELECTION TO SUMATRAN 

HORNBILL PATCH OCCUPANCY IN SOUTHERN SUMATRA, INDONESIA1 

                                                
1 Hadiprakarsa, Y., M. F. Kinnaird, T.G. O’Brien, R. Cooper and J.P. Carroll. To be submitted to 
Biological Conservation 
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 ABSTRACT 

Globally, Asian hornbill persistence is under fire due to habitat destruction by 

anthropogenic causes. The ability of hornbills to persist in the landscape is species-specific with 

respect to resource availability, habitat quality and landscape configuration. However, which 

environmental variables are cues for hornbills to occupy forest patches are still unknown. We 

investigated the relationship between habitat and resources to the probability of forest patches 

being occupied by Sumatran hornbills. Our results indicate positive relationships of resources 

availability, habitat characteristics, and landscape characteristics to the probability of a patch 

being occupied by seven Sumatran hornbills and their detection probability. The large-bodied 

non-territorial species appeared to be more flexible to occupied forest patches in fragmented 

landscape. In addition, fruit resources were an important covariate to their proportion of patches 

occupied. For small-bodied territorial species, availability of large trees as potential nest trees 

was more important to their patch occupancy. Probability of patch occupancy was higher on low 

disturbance forest patches for four hornbill species. Forest patch size was an important covariate 

to estimate probability of patch occupied for at least five species of hornbills. In general, patch 

isolation appeared to not have a strong affect as a covariate to estimate patch occupancy for 

hornbills.  

INTRODUCTION 

Habitat characteristics and resource availability exert a strong influence on bird 

communities and each species within the community has specific requirements (e.g., Wiens et al. 

1987, Wiens 1992). The relationship between wildlife species and their habitats has been a 

central issue in conservation biology studies as one of an information input for conservation 

planning (e.g. Gu and Swihart 2004, MacKenzie et al. 2006). Identifying key habitat variables 
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with their spatial arrangement to which a species responds and habitat modeling to predict 

species occupancy are important to develop conservation management plans for species (Gibson 

et al. 2004, MacKenzie 2006) and for landscape conservation planning (Sanderson et al. 2002). 

From empirical evidence, distribution and abundance, or at least occupancy of species, are 

influenced by a number of factors including habitat quality (e.g., Sieving and Karr 1997, Watson 

et al. 2004) and resource availability (e.g., Blake and Loiselle 1991, Kinnaird et al. 1996, Telleria 

et al. 2003). However, when habitats become fragmented, these processes may add complexity 

by taking account spatial arrangement of fragments must be incorporated into the process 

(Villard et al. 1999, Radford and Bennett 2007).  

Many ecological studies have been done using species occurrences to model habitat 

relationships (e.g., Donovan and Flather 2002, Gibson et al. 2004, Moore and Swihart 2005, 

MacKenzie 2006). However, this approach could lead to a serious bias due to the imperfect 

detection of the target species (MacKenzie et al. 2006). Consequently, falsely predicting species 

absence may be a potential source of error (Gu and Swihart 2004). Recently, MacKenzie et al. 

(2006) developed a likelihood-based method for estimating the proportion of an area (patch) 

occupied when the species are detected imperfectly and detection varies among species or 

habitats. 

Habitat fragmentation is a process through which a focal habitat type is partially or 

completely removed, thereby altering its original configuration. Combination of the effects of 

fragmentation, habitat loss and changes in configuration can potentially reduce population 

persistence in a landscape (Villard et al. 1999). Many empirical studies suggest that forest 

fragmentation can negatively effect forest bird community richness (e.g. Telleria et al. 2003, 

Sodhi et al. 2005), distribution (e.g.Waltert et al. 2004, Veech 2006), abundance (e.g.Lampila et 



 22 

al. 2005, Stouffer et al. 2006), forest occupancy (e.g. Villard et al. 1999, Gibson et al. 2004),  and 

in extreme cases lead to species extinction (e.g.Newmark 1991, Castelletta et al. 2000). Most of 

the forest fragmentation studies on birds have come from the Neotropics and have concentrated 

on understory and small—bodied species in relatively few forest patches (e.g. McGarigal and 

McComb 1995, Stouffer and Bierregaard 1995, Christiansen and Pitter 1997, Lee et al. 2002). 

However, there is a paucity of studies on the effects of fragmentation on large, canopy-dwelling 

(Galleti 1996), and wide-ranging species, especially those in the Asian tropics (Laurance and 

Bierregaard 1997). 

During the last 20 years, the island of Sumatra has experienced some of the highest rates 

of deforestation in the world (e.g. Laurance 1999, Holmes 2001).  During 1985 – 1997, 6.7 

million ha of forest were lost (FWI/GFW 2002) and all major protected areas on the island were 

affected (Kinnaird et al. 2003, Linkie et al. 2004, Gaveau et al. 2007).  The World Bank (2001) 

reported that Lampung Province had the second highest deforestation rate of any Sumatra 

province, with approximately 44% of forest cover lost over the last 12 years.  There, average 

forest size has declined by a factor of four, and the number of fragments has doubled 

(Hadiprakarsa et al. 2007).  Today, Lampung Province is the most densely human-populated and 

the poorest province in Sumatra (191 people/km2; data from Indonesia’s Central Bureau of 

Statistic 2000); burgeoning human populations and the coincident deforestation continue to 

eliminate habitat, and what remains is highly fragmented (Hadiprakarsa et al. 2007). 

Indonesia is a home for 13 hornbill (Order Coraciiformes, Family: Bucerotidae) species, 

making this country the richest and the most important country for hornbill conservation in Asia 

(Kinnaird and O'Brien 2007).  With nine species, the second largest island, Sumatra, is the most 

diverse hornbill island in the country and in the Asia realm.  Sumatran hornbills inhabit lowland 
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to mountain evergreen rainforest at elevations up to 1800 m, but most are commonly found in the 

primary, lowland evergreen rainforest (MacKinnon et al. 1993), Table 1). In Indonesia, few 

hornbill studies were conducted in Kalimantan and Sulawesi (e.g. Leighton 1982, Suryadi et al. 

1998, Kinnaird and O'Brien 1999).  However, there are still information gaps for hornbill species 

in Sumatra and existing information is limited to the 4 common species (Anggraini et al. 2001, 

Hadiprakarsa and Kinnaird 2004, Hadiprakarsa et al. 2007). Conversely, detailed status and 

distribution of hornbills, breeding biology, demographic studies, movement patterns and 

dispersal are generally unavailable for most of the species (Kinnaird and O'Brien 2007).  

Therefore, this knowledge gap makes it difficult to setup management and conservation priorities 

of these species.   

Asian hornbills are large-bodied species and are highly frugivorous (0.5 to 2.5 kg) 

(Kinnaird et al. 1996, Hadiprakarsa and Kinnaird 2004). To fulfill their energy requirements, 

hornbills rely heavily on fruit and a small number of small vertebrates and invertebrates in their 

diet. Although nearly 500 fruit species are eaten by Asian hornbills, figs (Ficus spp.) comprise a 

large proportion with an average of 69% to 98% of their overall diet (Poonswad et al. 1983, 

Kinnaird et al. 1996, Datta and Rawat 2003, Hadiprakarsa and Kinnaird 2004). Their diet may 

change slightly during the breeding season to adjust nutrient supplies for chick development 

(Poonswad et al. 2004). In search of fruit resources that are patchily distributed, hornbills are 

capable of traveling long distances (Tsuji et al. 1987, Suryadi et al. 1998, Holbrook et al. 2002).  

Hornbill studies in Asia (Kinnaird 1998) and Africa (Holbrook and Smith 2000) have found that 

hornbills are very effective in dispersing seeds, thus it has been suggested that hornbills are 

critical agents of rain forest regeneration by dispersing seed effectively compared with other 
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frugivore species (Kinnaird 1998, Holbrook and Smith 2000, Wang and Smith 2002, Kinnaird 

and O'Brien 2007). 

Hornbills are secondary cavity nesting birds, and unable to excavate their own nest 

cavities. A previous study found that suitable natural cavities for hornbill nests are commonly 

found within large trees with a diameter at breast height over 65 cm (Poonswad et al. 2000, 

Cahill 2003). Numerous Asian hornbill ecological studies, in India (Kannan and James 1999, 

e.g., Datta 2001, Raman and Mudappa 2003), Thailand (e.g., Tsuji et al. 1987, Poonswad et al. 

1988, Poonswad et al. 2000, Kanwatanakid-Savini and Poonswad 2007) and Indonesia (e.g., 

Leighton 1982, Kinnaird et al. 1996, Hadiprakarsa and Kinnaird 2004), showed that availability 

of fruit resources, availability of large trees with suitable nest cavities and primary forest that can 

hold their populations are three main features for hornbills to survive. However, alarming rates 

of forest lost, deterioration of the forest landscape, and fragmentation by anthropogenic causes 

has reduced current hornbill habitat in all Asia regions (Kinnaird and O'Brien 2007).  

Hornbill populations may be able to persist in small forest patches and disturbed habitats 

in a landscape (Datta 1998, O'Brien et al. 1998, Raman and Mudappa 2003, Sitompul et al. 

2004), but this ability likely varies among species according to habitat needs, landscape 

configurations, and dispersal abilities (Hadiprakarsa et al. 2007). In addition, when hornbills live 

in a fragmented landscape it is likely they are forced to occupy the existing forest patches in the 

landscape to maintain their persistence. However, which environmental variables, such as habitat 

quality or resources, are more important as a cue for hornbills to occupy a forest patch are still 

unknown. Extending from initial work of Hadiprakarsa et al. (2007), in this study we 

investigated  the relationship between habitat and resources as environmental predictors to the 

probability of forest patches being occupied by Sumatran hornbills. 
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 METHODS 

Study area and site selections 

Our study was conducted across the southern Sumatra landscape, encompassing 

approximately 3.5 million hectares of land and stretching across the province of Lampung and a 

small portion in Bengkulu province, Sumatra (3o45'S and 103o40'E, Figure 1). Topographical 

gradient ranges from gentle slopes (<16.5o) to steep slopes > 16.5o, with elevation from 0 – 2,200 

msl. Forest type ranged from lowland to montane dipterocap forest.  Annual rainfall is generally 

high, ranging between 2,000 – 4,000 mm and temperature ranges from 20 – 34o Celsius, 

although there can be severe droughts during El Nino Southern Oscillation phenomena (Hedges 

et al. 2005). Lampung province contains two important protected areas, Bukit Barisan Selatan 

National Park and Way Kambas National Park. These two national parks serve as major wildlife 

refuges for a number of celebrity endangered mammals, such as Sumatra tiger (Panthera tigris), 

Asian elephant (Elephas maximus), and Sumatran rhino (Dicerorhinus sumatrensis) (Foose and 

van Strien 1997, Franklin et al. 1999), and more than 200 species of birds (van Marle and Voous 

1988, Y. Hadiprakarsa unpublished data). 

To identify remnant forest patches, land-cover analysis was carried out by the GIS 

Department from the Wildlife Conservation Society Indonesia Program (WCS-IP) using 

LANDSAT 7 ETM+ for the year 2000, which had negligible (less than 10%) cloud cover. 

Classification of land-cover was grouped into forest and non-forest, using a combination of 

unsupervised classification and manual interpretation. We define a forest patch as any closed 

canopy forest greater than 100 hectares and forest patch area that is greater than 50,000 hectares 

from 60 forest patches identified, only 34 forest patches met this criterion, with only two forest 

patches in the BBSNP complex that met source patches.  
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For each forest patch, a series of patch metric variables related to its size and isolation 

were quantified. We used the patch Analyst extension version 2.3 for ArcGIS 9.x (Rampel and 

Carr 2003) to measure patch size and size of nearest neighboring patch. Patch isolations, a metric 

that represents distance (in km) to the nearest neighbor patch, distance to source patch and 

number of patches that serve as a stepping stone to the source forest, was extracted using Nearest 

Features extension version 3.8 for ArcView 3.x (Jenness 2004). Since many variables were 

correlated across sites, we used principal component analysis (PCA) to summarize variation in 

the data set and identify groups of inter-correlated variables to classify forest patches for survey 

site selections. The PCA results grouped the forest patches into three patch size classes and two 

isolation categories: small (< 1,000 ha), medium (1,000 – 5,000 ha) and large (> 5,000 – 50,000 

ha), and if the patch was not isolated and located close to (< 5 km) or isolated and far from (>5 

km) nearest patches and the source forest. With roughly an equal number of forest patches in 

each size and isolation patch groups, we randomly selected 18 from the 34 forest patches to be 

surveyed encompassing approximately 92% of the sampling area in a landscape. Most of the 

surveyed forest patches were under some form of protected management status by provincial or 

central government, ranging from nature forest reserves to national parks. Only one small forest 

patch had a limited production forest status (Table 2.2). 

Hornbill occupancy 

Hornbills were surveyed during January to August 2003 in 18 forest patches across the 

landscape. We used standard line transect methods (Buckland et al. 2001) to obtain hornbill 

detection histories for occupancy estimation analysis. The numbers of transects walked and 

transect length varied according to the forest size category and accessibility (Table 2.2). Each 

transect was walked in the morning (0600-1000) and afternoon (1300-1700) on at least two days 
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for each forest patches. The detection of hornbills from visual, vocal or wing beat data, or non-

detection, was recorded for each occasion.  

As transects were identified and marked, we quantified hornbill resources and habitat 

quality within the forest adjacent to the line transects every 200 m with 15 m width on either side 

of the transect. To assess hornbill resources, we counted the number of reproductive-sized hemi-

epiphyte fig trees (Ficus spp.; FIGS) and potential nest site trees, which I defined as trees with a 

diameter at breast height (DBH) above 45 cm. Later, We estimated density (trees/ha) on each 

resource parameter to be more useful for occupancy analysis. We evaluated habitat quality by 

looking at the level of anthropogenic habitat disturbance. We recorded occurrences of logged 

trees that meet criteria as potential nest site trees and occurrences of human activities indicated 

by cutting marks, abandoned campfires or direct encounters with humans (DIST). At each 

transect location, elevations (ELEV) were extracted as a global landscape covariate. In addition, 

two patch covariates of forest patch size (SIZE) and degree of patch isolation (ISOL) were 

obtained from the patch selection process. Elevation and slope data were extracted from a digital 

elevation model (DEM) from the NASA Shuttle Radar Topographic Mission (Rabus et al. 2003).  

We used the computer program PRESENCE v.2.2 to estimate the proportion of patches 

occupied (PAO) and to model the factors associated with hornbill occupancy (

€ 

ψ) using a 

likelihood-based method. This method assumes that (1) the community of species is closed to 

additions (immigration and colonization), deletions (emigration or extinction) or other changes 

during the study, (2) species are not falsely identified, and (3) the probability of detecting a 

species at one site is independent of the probability of detecting the species at all other sites (see 

MacKenzie et al. 2006). I explored the importance of covariates by modeling parameters as a 

logit function of habitat variables, resource availability, and landscape characteristics. All 
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continuous variables were standardized (Table 2.3). The set of a priori candidate models was 

developed based on experience and the literature. We developed a basic model that represented 

the spatially explicit habitat model, where occupancy (

€ 

ψ ) and probability of detection (p) were 

constant across forest patches. Potential covariates for occupancy and detection were then 

allowed to vary, individually or in combination, i.e. ψ (covariate) p (covariate), ψ (.) p 

(covariate), ψ (covariate) p (.). 

Akaike’s Information Criterion (AIC) values were used as the basis to rank candidate 

models and for model selection (Burnham and Anderson 2002). The most parsimonious model 

for the observed data was used to estimate hornbill occupancy. When there were a number of top 

ranked models with similar AIC weights model averaging was applied to estimate occupancy 

from multiple models for each species (Burnham and Anderson 2002), where, 

€ 

ω i   = AIC 

individual model weight and 

€ 

ˆ θ l  = individual occupancy estimate:  

€ 

ˆ θ A = ϖ i
l=1

m

∑ ˆ θ l           (1) 

€ 

S.E . ˆ θ A( ) = ω i
l=1

m

∑ Var ˆ θ l | Ml( ) + ˆ θ l −
ˆ θ 2( )

2
      (2) 

To determine which covariates were most important in predicting occupancy model, 

model weights were summed for all models with that particular variable (Burnham and Anderson 

2002). As a result, variables with high summed weights could be considered to be more 

important in explaining variation in the response variable (MacKenzie et al. 2006).  
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RESULTS 

Over 391 km were walked in 18 forest patches, all nine Sumatran hornbills were recorded 

with at least one species recorded in every surveyed forest patch. Overall, most species were 

recorded in the large forest patches with the highest number of species recorded found in source 

patches (Figure 2). The common hornbill species, B. rhinoceros and R. undulatus were found in 

89% and 78% of the forests patches, respectively whereas A. galeritus was found in just over 

half of the forests (50%).  R. vigil and B. bicornis were sighted in only 39% and 22% of the 

forest patches, respectively. The more elusive species, A. albirostris, and A. malayanus, were 

sighted only once or twice during the survey and were found only in the large and source forest 

patches. 

Because of low sample size (< 2 detection histories) for A. malayanus and A. albirostris, 

only seven species were used in the analysis: B. rhinoceros, B. bicornis, R. vigil, A. undulatus A. 

corrugatus, B. comatus and A. galeritus. In 18 forest patches, I recorded 366 hornbills on 56 

transects with a varying number of sampling occasions from two to eight. However due to 

double detection within single occasions, only 216 hornbill occurrences were included in the 

analysis. The naïve estimates of occupancy varied among species. B. rhinoceros had the highest 

naïve estimate (0.61),  followed by R. undulatus, A. galeritus, R. vigil, B. bicornis and A. 

corrugatus (0.45, 0.37, 0.29, 0.09, and 0.07, respectively). Also, the elusive species B. comatus 

had the lowest naïve estimate (0.04, Table 4).  

Resources selection functions 

The best models for each species indicated differences in occupancy rate among species 

with respect to fig density and potential nesting trees density (Table 2.4). Only two species had 

simplest models, with constant occupancy and constant detection probability, was chosen as the 
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top model for only two species, R. undulatus and A. corrugatus (0.661 ± 0.126 and 0.091 ± 0.049 

respectively; Table 2.4).  

For other species, the ‘best’ model from the set of candidate models for each species 

often included figs and density of potential nesting trees as important covariates for predicting 

occupancy. Summing Akaike weights (w) of the models revealed that, with the exception of R. 

undulatus and A. corrugatus, fig density and potential nesting tree density were the most 

important covariates for large-bodied, non-territorial species (B. rhinoceros, B. bicornis and R. 

vigil) with respect to occupancy, with summed model weight more than 50%. Potential nest tree 

density was the most important variable for A. galeritus, the only small-bodied territorial species  

(Figure 2.3).  

Habitat relationships  

Most surveyed forest patches were surrounded by a human-made matrix. Consequently, 

the forest interiors were subject to some level of anthropogenic disturbance such as, illegal 

logging, hunting, and land clearing for agriculture. We explored the importance of habitat quality 

and patch metrics in species-specific models. The top ranked models revealed, the importance of 

habitat disturbance and patch characteristics on occupancy rates for all seven-hornbill species 

(Table 2.5).  The highest proportion of patches occupied was found for the three large-bodied 

and non-territorial species, B. rhinoceros, R. vigil and R. undulatus (Figure 2.4). For B. 

rhinoceros, probability of occupancy was related to habitat disturbance level and elevation 

distributions with AIC weighting (w) of 1.0 and SE = 0.05 (Table 2.5). For R. vigil, elevation 

was an important covariate with respect to species occupancy (AICw = 0.66). 

Probability of patch occupancy was higher in low disturbance forest patches for B. 

rhinoceros, B. bicornis, B. comatus and A. galeritus (Figure 2.5). Forest patch size was an 
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important covariate in estimating occupancy for at least five hornbill species (Figure 2.6). In 

general, patch isolation did not have strong affect as on patch occupancy for hornbills.  For the 

nomadic species, A. undulatus, habitat disturbance and patch size had no effects on the 

probability of patch occupancy (Figure. 2.5 and 2.6).  

Detection probability 

Patterns of detection probability with respect of resource selection and habitat 

relationship varied among species. Detection probabilities for large-bodied, non-territorial 

species were often affected by one or more landscape characteristics of patch size, elevation and 

patch isolation (Table 2.4 and 2.5).  For two small-bodied territorial species, B. comatus and A. 

galeritus, detection probability was affected by patch isolation.  For most of hornbill species, 

detection probability was high in forest patches with a high intensity of disturbance (Figure 2.5).  

DISCUSSION 

In this study, patch occupancy and detection probability were related to resource 

availability, habitat characteristics and landscape characteristics. The large-bodied non-territorial 

hornbill species appeared to be more flexible in their occupancy of forest patches in this 

fragmented landscape. However, fruit resources, represented by hemi-epiphyte fig tree (Ficus 

spp.) density, were an important covariate in the occupancy models. 

Large-bodied species are capable fliers (Tsuji et al. 1987, Poonsward and Tsuji 1994, 

Suryadi et al. 1998, Holbrook et al. 2002) and easily move between isolated forest patches in 

search of transient resources: in this case, widely dispersed fruit resources and nesting sites in 

large emergent trees with natural cavities. With this ability, larger species tend to be more 

frugivorous (Poonswad et al. 1983, Hadiprakarsa and Kinnaird 2004) and rely on patchily 

distributed fruit resources (Sitompul et al. 2004). As forest patch size decreases, the density of 
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resources may remain similar to larger forests, but the total number of resources declines. 

Kinnaird and O’Brien (2007) suggested that the probability of finding a fruiting fig (Ficus spp.) 

at any given time, is much lower as forest size declines because of asynchronous fruiting. 

Although fig density is an important predictor of the probability of a patch being occupied, we 

expect that fig density alone does not reflecting availability of ripe fruit within the landscape. 

Kannan and James (1999) suggested that fruit diversity within a fragmented landscape may be a 

more crucial aspect for hornbill communities (i.e., food is available all year round). 

Kinnaird and O’Brien (2005) and Kinnaird et al. (1996) have demonstrated that hornbill 

density in large intact forests can be affected by the density of large strangling figs, and monthly 

variation in hornbill density is related to the availability of ripe fig fruit. It is possible that small 

patches do not contain enough large fig trees to ensure an adequate monthly food supply month 

to support resident populations. In such a situation, although a small patch might serve as a 

temporary source of food or nest-sites, self-sustaining populations would not be expected. 

The availability of figs as a food source for the small-bodied territorial hornbills, A. 

galeritus, B. comatus and A. corrugatus, is of less important to their occupancy. With movement 

restriction for this hornbill group, Leighton (1982) and Kinnaird and O’Brien (2007) suggested 

that these species tends to be more of a generalist in their diet preference and rely primarily on 

small fruit crops within a territory or have the ability to shift to alternate food sources such as 

animal prey, leaves or gum. Conversely, availability of potential nesting trees is more defendable 

for this group of species. This was explained when the potential nesting trees covariate the top 

ranked model in their occupancy model selection. 

Most small hornbills are territorial and sedentary and are probably less inclined to 

venture to distant, unknown patches (Kinnaird and O'Brien 2007). Small-bodied territorial 
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hornbills were conspicuously absent from most forest patches, illustrating that small and isolated 

forest patches may not retain species with poor dispersal capabilities (Laidlaw 2000, Brook et al. 

2003). Regardless of the size of forest patches within the fragmented landscape, small patches 

located within hornbill ranging distance of large patches is crucial to maintain a movement 

network to source patches, where vast hornbill resources are remain.  

Management implications 

The results from this study suggest that hornbills may be able to persist in fragmented 

landscapes. However, the ability to occupy forest patches was driven by species-specific 

requirements of resources, habitats and landscape configuration. Despite differences in number 

of species and occupancy, forests shared similar resource availability as well as levels of 

disturbance. This result supports the notion that small forests may simply not support enough 

trees to provide a sustaining resource base for a resident population of hornbills. In addition, 

degree of exchange among individuals within hornbill populations inhabit different forest 

patches has important implications for the maintenance of genetic diversity. We found that 

small-bodied territorial hornbills tend to be more affected by habitat fragmentation. When 

distance to the nearest vacant forest patch exceeds dispersal abilities, it is likely that the 

probability of occupy an isolated patch very low, and their populations may eventually disappear 

through a combination of stochastic events and habitat loss. 

From a hornbill community perspective, the proximity of forest fragments and living in a 

large neighborhood comprised of a number of fragments within flying range is an essential key 

for their long-term persistence (Hadiprakarsa 2007; Kinnaird and O’Brien 2007). Therefore, in 

order to deploy effective hornbill conservation, the maintenance of remnant forest patches in 
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close proximity in a large neighborhood forest complex is required for long-term persistence of a 

Sumatran hornbill community.  
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Table 2.1. Scientific names with weight, territorial, elevation distributions, and home range and daily travels for nine species of 

Sumatran hornbill. 

Speciesa Weight (g)b Territorial b,c Elevation distribution 
(m) b,g 

Home range 
(km 2) Daily travel (km) 

Rhyticeros       

 undulatus 1,950 - 2,515 no 0 - 2500 28d 10 - 15d 

 corrugatus 1,273 - 1,590 no 0 - 200 ?  

Buceros      

 rhinoceros 2,180 - 2,580 no 0 - 1000 ? > 3c,h 

 bicronis 2,211 - 3,400 no 0 - 1000 16.9d 10 -15 d 

Rhinoplax      

 vigil 2,500 - 3,100 no 0 - 1000 ?  

Berenicornis      

 comatus 1,470 - 1,476 yes 0 - 1000 ? < 2c,h 

Anorrhinus      

 galerritus 933 - 1,172 yes 0  - 1800 1.5f < 2.5c,h 

Anthracoceros      

 albirostris 624 - 738 yes 0 - 700 5e 4 

  malayanus 633 - 1,050 yes 0 - 200 3.3 2c,h 
a Kemp 2001; b Kemp 1995; c Kinnaird and O'Brien 2007; d Poonswad and Tsuji 1994; e Tsuji et al. 1986; f WCS-IP Unpublished data; 

g MacKinnon et al. 1993;  h Simulation result 
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Table 2.2.Patch and transect characteristics in sampled areas, Lampung Province, Sumatra, Indonesia. 

No Forest Patch Protection 
Status* Category± Transect 

Length (Km) 
Number of 
Transect Replication 

1 Bukit Barisan Selatan (North) NP O 4 2 4 

2 Bukit Barisan Selatan (South) NP O 22.2 11 44 
3 G. Tanggang NR S, I 2 1 4 

4 G. Seminung NR S 2 1 4 

5 Air Naningan Kecil NR S, I 2 1 4 
6 Mulang Mayang LF S 2 2 4 

7 G. Betung NR S, I 2 1 4 

8 Lima Kunci   NP S 2 1 4 

9 G. Pesawaran NR M, I 3 2 4 
10 G. Pesagi NR M,  4 2 4 

11 G.Rajabasa NR M, I 3 2 4 

12 G. Tanggamus NR M, I 2.7 2 4 
13 G. Sekincau NP M 2.4 2 6 

14 Batu Tegi NR L 5.74 2 4 

15 Tangkit Tebak NR L, I 4.2 3 4 
16 Ulu Belu NR L 3 2 8 

17 Way Kambas  NP L, I 25 15 17 

18 Lombok Area NP L 6 3 6 
*NP = National Park; NR = Nature Reserve; LF = Limited production forest ±O = Source area; S = Small; M = Medium; L = Large; I 

= Isolated. 
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Table 2.3. Description of covariates used in occupancy estimation as a function of resource selection and habitat relationships in 

Lampung Province, Sumatra, Indonesia. 

No Covariate Code Variable Type Data type Values 

1 Human disturbance  Dist Habitat quality Categorical  1 = High, 0 = Low 

2 Potential nesting tree density Pods Resources Continuous 0 - 10.7 trees/ha 

3 Figs density Figs Resources Continuous 0 - 4.96 trees/ha 

4 Patch size Size Landscape  Continuous 159.89 - 149,505 ha 

5 Patch isolation Isol Landscape  Continuous 1 = Isolated, 0 = Not isolated 

6 Elevation Elev Landscape  Continuous 22.8 - 1,806.54 m 

7 Slope Slop Landscape  Continuous 0.71  - 37.56 degree 
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Table 2.4. Estimates of occupancy (ψ) and detection probability (p) from the top ranked models for seven hornbill species as a 

function of resource selection in Lampung Province, Sumatra, Indonesia.  

Model ∆AIC w K -2l 

€ 

ˆ ψ  s.e 

€ 

ˆ p  Naïve  

1. B. rhinoceros         

1.1 ψ (Figs + Pods), p (Elev + Size + Isol) 0.00 0.36 7 244.15 0.681 0.115 0.531 0.6071 
1.2 ψ (Figs), p (Elev + Size + Isol) 0.70 0.25 6 246.85 0.716 0.093 0.519  
1.3 ψ (Pods), p (Elev + Size + Isol) 0.98 0.22 6 247.13 0.685 0.102 0.531  
1.4 ψ (.), p (Elev + Size + Isol) 1.57 0.16 5 249.72 0.725 0.074 0.516  
1.5 ψ (Figs + Pods), p (Size) 5.09 0.03 5 253.24 0.641 0.108 0.600  

 Model averaged     0.716 0.125   
2. B. bicornis         

2.1 ψ (Figs), p (.) 0.00 0.38 3 47.66 0.758 0.497 0.030 0.0893 
2.2 ψ (Figs), p (Elev) 1.52 0.18 4 47.18 0.729 0.480 0.033  
2.3 ψ (Figs), p (Isol) 1.55 0.18 4 47.21 0.760 0.513 0.031  
2.4 ψ (Figs), p (Size) 1.98 0.14 4 47.64 0.742 0.485 0.031  
2.5 ψ (Figs), p (Elev + Size + Isol) 5.16 0.03 6 46.82 0.744 0.551 0.034  

 Model averaged     0.682 0.1621   

Notes: ψ is the probability a site is occupied by hornbill species and p is the probability of detecting hornbill in j th survey where ψ(.) 

p(.) assumes that hornbills presence and detection probability are constant across sites, ∆AIC is the difference in AIC values between 

each model with the low (best) model, w is the AIC model weight, K is the number of parameters in the model, -2l is twice the 

negative log-likelihood e,  

€ 

ˆ ψ  is the estimated overall occupancy probability, 

€ 

ˆ p  is the estimated overall detection probability. 

(Continued) 
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Table. 2.4. Continued 

Model ∆AIC w K -2l 

€ 

ˆ ψ  s.e 

€ 

ˆ p  Naïve  

3. R. vigil         

3.1 ψ (Figs + Pods), p (Elev + Size + Isol) 0.00 0.28 7 143.94 0.480 0.148 0.269 0.286 
3.2 ψ (Pods), p (Elev + Size + Isol) 0.58 0.21 6 146.52 0.494 0.147 0.263  
3.3 ψ (Figs + Pods), p (Size) 1.03 0.17 5 148.97 0.415 0.116 0.404  
3.4 ψ (.), p (Elev + Size + Isol) 1.35 0.14 5 149.29 0.578 0.125 0.246  
3.5 ψ (Figs), p (Elev + Size + Isol) 2.07 0.10 6 148.01 0.571 0.144 0.249  
3.6 ψ (Pods), p (Size) 2.26 0.09 4 152.20 0.400 0.103 0.405  

 Model averaged     0.488 0.200   
4. R. undulatus         

4.1 ψ (.), p (.) 0.00 0.16 2 193.59 0.661 0.126 0.249 0.466 
4.2 ψ (.), p (Size) 0.14 0.15 3 191.73 0.632 0.115 0.271  
4.3 ψ (Figs), p (.) 0.61 0.12 3 192.20 0.652 0.149 0.252  
4.4 ψ (Pods), p (.) 0.87 0.11 3 192.46 0.673 0.152 0.247  
4.5 ψ (.), p (Elev) 0.97 0.10 3 192.56 0.653 0.125 0.260  
4.6 ψ (Pods), p (Size) 1.35 0.08 4 190.94 0.643 0.144 0.265  
4.7 ψ (Figs), p (Size) 1.55 0.08 4 191.14 0.621 0.144 0.271  
4.8 ψ (Figs + Pods), p (.) 1.61 0.07 4 191.20 0.663 0.167 0.250  
4.9 ψ (.), p (Isol) 1.96 0.06 3 193.55 0.666 0.133 0.248  
4.10 ψ (Figs), p (Elev) 1.97 0.06 4 191.56 0.642 0.152 0.262  
4.12 ψ (Pods), p (Elev) 2.21 0.05 4 191.80 0.663 0.153 0.255  

 Model averaged     0.682 0.162   
(Continued) 
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Table. 2.4. Continued 

Model ∆AIC w K -2l  

€ 

ˆ ψ  s.e 

€ 

ˆ p  Naïve 

5. A. corrugatus         

5.1 ψ (.), p (.) 0.00 0.72 2 46.47 0.091 0.049 0.337 0.0714 

5.2 ψ (Figs), p (.) 1.91 0.28 3 46.38 0.091 0.062 0.338  

 Model averaged     0.091 0.003   
6. B. comatus         

6.1 ψ (.), p (Isol) 0.00 0.24 3 26.71 0.216 0.196 0.044 0.0357 

6.2 ψ (.), p (.) 0.64 0.18 2 29.35 0.119 0.126 0.090  

6.3 ψ (Pods), p (Isol) 1.57 0.11 4 26.28 0.271 0.353 0.041  

6.4 ψ (.), p (Elev) 1.69 0.11 3 28.40 0.121 0.119 0.087  

6.5 ψ (Figs), p (Elev) 1.84 0.10 4 26.55 0.124 0.148 0.087  

6.6 ψ (Pods), p (.) 2.53 0.07 3 29.24 0.124 0.154 0.089  

6.7 ψ (.), p (Size) 2.64 0.07 3 29.35 0.118 0.135 0.090  

6.8 ψ (Figs + Pods), p (.) 2.91 0.06 4 27.62 0.126 0.186 0.086  

6.9 ψ (Pods), p (Elev) 3.26 0.05 4 27.97 0.148 0.184 0.087  

6.10 ψ (Pods), p (Size) 4.53 0.03 4 29.24 0.120 0.157 0.092  

 Model averaged     0.162 0.072   
(Continued) 
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Table. 2.4. Continued 

Model ∆AIC w K -2l  

€ 

ˆ ψ  s.e 

€ 

ˆ p   

7. A. galeritus          

7.1 ψ (Pods), p (Isol) 0.00 0.17 4 173.43 0.581 0.156 0.258 0.3750 
7.2 ψ (Pods), p (Elev) 0.18 0.16 4 173.61 0.680 0.188 0.212  
7.3 ψ (Pods), p (.) 0.23 0.16 3 175.66 0.647 0.161 0.218  
7.4 ψ (Figs + Pods), p (Isol) 1.42 0.09 5 172.85 0.553 0.165 0.272  
7.5 ψ (.), p (Elev) 1.51 0.08 3 176.94 0.686 0.164 0.213  
7.6 ψ (Pods), p (Size) 1.73 0.07 4 175.16 0.679 0.180 0.206  
7.7 ψ (Figs + Pods), p (Elev) 2.00 0.06 5 173.43 0.643 0.201 0.222  
7.8 ψ (Figs + Pods), p (.) 2.02 0.06 4 175.45 0.621 0.178 0.226  
7.9 ψ (.), p (Isol) 2.10 0.06 3 177.53 0.555 0.123 0.272  
7.10 ψ (Figs), p (Elev) 2.81 0.04 4 176.24 0.684 0.187 0.214  

 Model averaged     0.612 0.176   
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Table 2.5. Estimates (ψ) and detection probability (p) from the top ranked models for seven 

hornbill species as a function of habitat relationships in Lampung Province, Sumatra, Indonesia. 

Model AIC ΔAIC w K -2l 

1. B. rhinoceros      

1.1 psi(Elev + Dist),p(Elev)  251.9 0.00 1.00 5 241.90 

1.2 psi(Isol +  Dist),p(Elev) 264.8 12.88 0.00 5 254.78 

1.3 psi(Elev + Size + Isol + Dist),p(Elev) 269 17.10 0.00 7 255.00 

2. B. bicornis      

2.1 psi(Dist),p(.) 53.15 0.00 0.26 3 47.15 

2.2 psi(Isol),p(.) 53.47 0.32 0.22 3 47.47 

2.3 psi(Dist),p(Elev) 53.75 0.60 0.19 4 45.75 

2.4 psi(Dist),p(Isol) 54.64 1.49 0.12 4 46.64 

2.5 psi(Dist),p(Size) 55.08 1.93 0.10 4 47.08 

2.6 psi(Isol),p(Elev) 55.19 2.04 0.09 4 47.19 

3. R. vigil      

3.1 psi(Elev),p(Size) 158.2 0.00 0.66 4 150.17 

3.2 psi(Elev + Dist),p(Size) 159.8 1.65 0.29 5 149.82 

3.3 psi(Elev + Size + Isol),p(.) 164.3 6.17 0.03 5 154.34 

3.4 psi(Elev + Size + Isol),p(Elev) 165.6 7.41 0.02 6 153.58 

3.5 psi(Elev + Size + Isol + Dist),p(.) 166.2 8.01 0.01 6 154.18 

Notes: ψ is the probability a site is occupied by hornbill species and p is the probability of 

detecting hornbill in jth survey, ∆AIC is the difference in AIC values between each model with 

the low model, w is the AIC model weight, K is the number of parameters in the model, -2l is 

twice the negative log-likelihood. 

(Continued) 
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Table 2.5. Continued 
 

Model AIC ∆AIC w K -2l 

4. R. undulatus      

4.1 psi(Size),p(Size) 190.4 0.00 0.86 4 182.44 

4.2 psi(Size),p(Elev) 194.6 4.18 0.11 4 186.62 

4.3 psi(Isol + Dist),p(Size) 198 7.51 0.02 5 187.95 

4.4 psi(Isol + Dist),p(.) 199.6 9.12 0.01 4 191.56 

4.5 psi(Isol + Dist),p(Elev) 200 9.59 0.01 5 190.03 

5. A. corrugatus      
5.1 psi(Isol),p(.) 46.57 0.00 0.55 3 40.57 

5.2 psi(Dist),p(.) 46.95 0.38 0.45 3 40.95 

6. B. comatus      
6.1 psi(.),p(.) 33.35 0.00 0.14 2 29.35 

6.2 psi(Dist),p(Elev) 33.93 0.58 0.10 4 25.93 

6.3 psi(Size),p(Elev) 34.04 0.69 0.10 4 26.04 

6.4 psi(Elev),p(Elev) 34.37 1.02 0.08 4 26.37 

6.5 psi(.),p(Elev) 34.4 1.05 0.08 3 28.40 

6.6 psi(Size),p(Isol) 34.56 1.21 0.07 4 26.56 

6.7 psi(Dist),p(.) 34.57 1.22 0.07 3 28.57 

6.8 psi(Isol),p(Isol) 34.71 1.36 0.07 4 26.71 

6.9 psi(Size),p(.) 34.86 1.51 0.06 3 28.86 

6.10 psi(Elev),p(.) 35.02 1.67 0.06 3 29.02 

6.11 psi(.),p(Size) 35.35 2 0.05 3 29.35 
 

(Continued) 
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Table 2.5. Continued 
 

Model AIC ∆AIC w K -2l 

7. A. galeritus      
7.1 psi(Isol +  Dist),p(Isol) 178.7 0.00 0.26 5 168.71 

7.2 psi(Elev),p(Isol) 179.2 0.00 0.25 4 171.19 

7.3 psi(Elev),p(.) 179.9 0.73 0.18 3 173.92 

7.4 psi(Elev),p(Elev) 181.5 2.31 0.08 4 173.50 

7.5 psi(Size),p(Isol) 181.5 2.32 0.08 4 173.51 

7.6 psi(Dist),p(Isol) 181.7 2.53 0.07 4 173.72 

7.7 psi(Elev),p(Size) 181.8 2.60 0.07 4 173.79 

7.8 psi(Dist),p(.) 182.7 3.50 0.04 3 176.69 

7.9 psi(.),p(Elev) 182.9 3.75 0.04 3 176.94 

7.10 psi(Dist),p(Elev) 183.1 3.88 0.04 4 175.07 

7.11 psi(.),p(Isol) 183.5 4.34 0.03 3 177.53 

7.12 psi(Size),p(.) 183.7 4.55 0.03 3 177.74 
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Figure 2.1. Map of  study area in southern Sumatra landscape, Indonesia. Enlargement shows 

forest cover in 2000’s, elevation and surveyed forest patch locations.  
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Figure 2.2. Distribution of nine hornbill species in forest patch categories by size and patch 

isolation  in Lampung Province, Sumatra, Indonesia.  



 55 

 

Figure 2.3. Total summed model of proportion of patch occupied as a function of resource 

selection for seven hornbill species in Lampung Province, Sumatra, Indonesia. (Abbreviations: 

BR = B. rhinoceros; BB = B. bicornis; RV = R. vigil; RU = R. undulatus; AC = A. corrugatus; 

BC =  B. comatus; AG = A. galeritus). 
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Figure 2.4. General parameter estimates from the best model for proportion of patch occupied 

and detection probability (mean + 1SE) as a function of  habitat relationships for seven Sumatran 

hornbill species in Lampung Province, Sumatra, Indonesia. (Abbreviations: BR = B. rhinoceros; 

BB = B. bicornis; RV = R. vigil; RU = R. undulatus; AC = A. corrugatus; BC =  B. comatus; AG 

= A. galeritus). 
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Figure 2.5. Parameter estimates with species-spesific habitat disturbance covariates (mean + 

1SE). Proportion of patch occupied and  detection probability for seven Sumatran hornbill 

species in Lampung Province, Sumatra, Indonesia.  (A) B. rhinoceros; (B) B. bicornis; (C) R. 

vigil; (D) R. undulatus; (E) A. corrugatus; (F)  B. comatus; (G) A. galeritus. 

 

 

 

 
(d) B. comatus (e) A. corrugatus 
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Figure 2.6. Parameter estimates with species-specific response to forest patch size covariates (mean + 

1SE). Bars represent proportion of patch occupied and  detection probability for five Sumatran 

hornbill species in Lampung Province, Sumatra, Indonesia. (A) B. rhinoceros; (B) R. undulatus; 

(C) R. vigil; (D) B. comatus; (E) A. galeritus. 
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PREDICTING PROBABILITY OF OCCURRENCE OF SUMATRAN HORNBILLS IN A 

FRAGMENTED LANDSCAPE IN SOUTHERN SUMATRA, INDONESIA1 

                                                
1 Hadiprakarsa, Y, O’Brien, T. G, Kinnaird, M. F, Cooper, R. J. and Carroll, J. P To be submitted 
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ABSTRACT 

Management and conservation of wide ranging species is difficult due to their requirements of 

space and resources. Hornbills in Southeast Asia are large birds and are capable of utilizing large 

blocks of habitat on forested landscapes to satisfy their daily requirements. However, hornbill 

persistence has been threatened due to extensive deforestation and the trend has been for rapid 

decline in the future. We develop spatially explicit habitat models (SEHM), based on habitat, 

human impacts, and occupancy analysis on 18 forests and fragments, for four Sumatran hornbills 

(Anorrhinus galeritus, Buceros rhinoceros, Rhinoplax vigil, and Ryhticeros undulatus) to predict 

probability of their occurrence in a fragmented landscape in southern Sumatra, Indonesia.  

Among the three large-bodied generalist species, elevation and slope were important parameters 

for species detection rate and occupancy. The importance of proximity to the settlements for 

detecting A. galeritus may be explained indirectly on the predictive model results. Although our 

models predicting occurrence were noisy, we found that to obtain robust predictive modeling 

results for hornbill occurrences at broad scale, we suggest to cautiously choosing modeling 

development strategy. To improve hornbill sampling design protocol, we suggest more 

evaluation of survey techniques to improve detection rates. Our modeling results showed great 

potential of this method to predicting hornbill occurrences that can be use as an alternative tool 

to land managers to develop conservation priorities for Sumatran hornbills.  

INTRODUCTION 

More than 50% of natural habitats have been destroyed in tropical countries of the world; 

much of this has been tropical rainforest (World Resources Institute 2000). Consequently, 

wildlife populations have been forced to persist in forest pockets across fragmented landscapes 

that are surrounded by a human-made matrix (Greenberg 1996, Bunnell 1999).  The management 
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and conservation of wide ranging species is especially difficult due to their large requirements of 

space (Mortberg 2001, Osborne et al. 2001, Schadt et al. 2002, Kinnaird and O'Brien 2007). 

Conservation plans require an extensive knowledge of the species and how they utilize various 

components of their ecosystems (Sanderson et al. 2002, Schadt et al. 2002, Shriner et al. 2006). 

However, gathering this information requires a significant resource and often this information is 

unavailable or is derived only from a single site.   

With an alarming rate of forest loss, of the formerly forested landscape of Indonesia has 

deteriorated and become fragmented by anthropogenic activity (Kinnaird and O'Brien 2007). 

During the last 20 years, the island of Sumatra has experienced some of the highest rates of 

deforestation in the world (e.g. Laurance 1999, Holmes 2001).  During 1985 – 1997, 6.7 million 

ha of forest were lost (FWI/GFW 2002) and all major protected areas on the island were 

impacted (Kinnaird et al. 2003, Linkie et al. 2004, Gaveau et al. 2007). Lampung Province, the 

southernmost province on the island, has witnessed the second highest deforestation rate of any 

Sumatra province, with approximately 44% of forest cover lost over the last 12 years (World 

Bank 2001).  Today, with population density more than 191 people/km2 (Indonesia’s Central 

Bureau of Statistic 2001), Lampung Province is the most densely populated and the poorest 

province in Sumatra. As a result, remnant forest area in Lampung has declined, with the average 

forest size declining by a factor of four, and the number of fragments doubling.  Burgeoning 

human populations and the coincident deforestation continue to eliminate wildlife habitat, and 

what remains is highly fragmented (Hadiprakarsa et al. 2007). 

Hornbills are a wildlife group of special interest in Asia.  With 9 species, the second 

largest island of Sumatra is the most diverse hornbill island in the country and in the Asia realm.   

Asian hornbills are the largest frugivorous birds in the tropics. To fulfill their daily energy 
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requirements, hornbills are able to consume fruits up to 33% of their body weight (Poonswad et 

al. 1998) and are capable of traveling long distance to track fruit resources that are patchily 

distributed (Tsuji et al. 1987, Suryadi et al. 1998, Holbrook et al. 2002). Compared with other 

wildlife seed dispersing agents, hornbills disperse large amount of unharmed seeds effectively 

away from parent trees (Kinnaird 1998, Holbrook and Smith 2000, Wang and Smith 2002). 

Thus, hornbills plat an important role in ecological functions of tropical rainforest by 

maintaining forest regeneration and may promote forest ecosystem integrity (Kinnaird and 

O'Brien 2007).  

Previous Asian hornbill studies have shown that availability of fruit resources, 

availability of large trees with suitable nest cavities, and primary forest that can hold their 

populations are 3 main features necessary for hornbills to survive (e.g., Leighton 1982, 

Poonswad et al. 1988, Kinnaird et al. 1996, Kannan and James 1999, Poonswad et al. 2000, 

Datta 2001, Hadiprakarsa and Kinnaird 2004, Kanwatanakid-Savini and Poonswad 2007). 

Unfortunately, habitat loss and deterioration has reduced current hornbill habitat throughout Asia 

(Kinnaird and O'Brien 2007). The ability of hornbills to persist in this situation likely varies 

among species according to habitat needs, landscape configurations, and dispersal abilities (Datta 

1998, O'Brien et al. 1998, Raman and Mudappa 2003, Sitompul et al. 2004, Hadiprakarsa et al. 

2007, Kinnaird and O'Brien 2007). However, in Indonesia, detailed information on hornbill 

status, distribution and movement patterns are generally unavailable for most species (Kinnaird 

and O'Brien 2007). Therefore, conserving hornbills at a broad scale in fragmented landscapes 

become problematic.  

Rapid development of geographic information system (GIS) and remote sensing (RS) 

technology in few past decades has been critically important for both investigating the habitat 
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requirements of species and for conservation planning at a broad scale (e.g., Guisan and 

Zimmermann 2000, Luoto et al. 2002, Linkie et al. 2004, Balaguru et al. 2006). The most 

common application for this approach is to use species occurrence data to model a species 

distribution (e.g., Cowley et al. 2000, Austin 2002, Munoz et al. 2005) and habitat requirements 

(e.g., Brotons et al. 2004, Gibson et al. , Linkie et al. 2007) at a broad scale. Usually, the species 

distribution data are correlated with a number of environmental predictors (Guisan and 

Zimmermann 2000, Brotons et al. 2004).  However, knowledge of the probability of detecting 

these species during a survey is important for determining the reliability of predictive model 

output (Shriner et al. 2006, Linkie et al. 2007). Spatially explicit habitat modeling (SEHM) is 

one method that has been shown to be a good approach to identify habitat suitability and 

proportion of occupancy using species occurrences data (Lennon 1999, Palma et al. 1999, Schadt 

et al. 2002, Linkie et al. 2006). 

 Logistic regression is a common approach for assessing the relationship between 

environmental characteristics and species occurrence (Osborne et al. 2001, Bradford et al. 2003, 

Linkie et al. 2006). However, non-detection of a species at a site does not mean the species is 

absent, unless detection probabilities are 100% (P = 1.0). Therefore, dealing with this type of 

data can be problematic using ordinary logistic regression due to non-detection error that leads to 

biased parameter estimation (Gu and Swihart 2004). Thus, MacKenzie et al. (2005) suggested 

that field researchers collect data and undertake analysis that explicitly incorporates detection 

probability to reduce these biases.  

In this study, we aimed to develop spatially explicit habitat model (SEHM) of Sumatran 

hornbill probability of occurrence as an approach to identify habitat requirements over a broad 
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scale that can provide an alternative management tool for hornbill conservation in the 

fragmented landscape of southern Sumatra, Indonesia. 

METHODS 

Study area and site selection 

Our study was conducted across the southern Sumatra landscape, encompassing 

approximately 3.5 million ha of land and stretching across the province of Lampung and a small 

portion in Bengkulu province, (3o45'S and 103o40'E, Figure 1, Chapter 2). The topographical 

gradient ranges from gentle slopes (<16.5o) to steep slopes (>16.5o), with elevation from 0 to 

2200 msl. Forest type ranged from lowland to montane dipterocap forest.  Annual rainfall is 

generally high, ranging between 2,000 – 4,000 mm and temperature range from 20 – 34o Celsius, 

although there can be severe droughts during the El Niño Southern Oscillation phenomena 

(Hedges et al. 2005). Lampung province contains two important protected areas, Bukit Barisan 

Selatan National Park (BBSNP) and Way Kambas National Park (WKNP). These two national 

parks serve as a major wildlife refuges for a number of celebrity endangered mammal species, 

such as Sumatra tiger (Panthera tigris), Asian elephant (Elephas maximus), Sumatran rhino 

(Dicerorhinus sumatrensis) (Foose and van Strien 1997, Franklin et al. 1999), and more than 200 

species of birds (van Marle and Voous 1988, Y. Hadiprakarsa unpublished data).  

To identify remnant forest patches, land-cover analysis was carried out by the GIS 

Department from the WCS Indonesia Program using LANDSAT 7 ETM+ for the year 2000, 

which had negligible (less than 10%) cloud cover. Classification of land-cover was grouped into 

forest and non-forest, and used a combination of unsupervised classification and manual 

interpretation. We defined a forest patch as any closed canopy forest greater than 100 ha and we 

defined forest patch areas greater than 50,000 ha as source patches. From 60 forest patches 
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identified, only 34 forest patches met this criterion with only 2 forest patches in the BBSNP 

complex that qualified as source patches criteria (Table 3.1).  

For each forest patch, a series of patch metric variables related to its size and isolation 

was quantified. We used the Patch Analyst extension version 2.3 for ArcView (Rampel and Carr 

2003) to measure patch size and size of nearest neighboring patch. Patch isolation was 

represented by distance (in km) to the nearest neighbor patch, distance to the source patch and 

the number of patches that could serve as a stepping stone to the source forest, which were 

extracted using the Nearest Features extension version 3.8 for ArcView (Jenness 2004). Since 

many variables were correlated across sites, we used principal component analysis (PCA) to 

summarize variation in the data set and identify groups with inter-correlated variables to classify 

forest patches for survey site selections. The PCA results grouped the forest patches into three 

size classes and two isolation categories: small (< 1,000 ha), medium (1,000 – 5,000 ha) and 

large (> 5,000 – 50,000 ha), and if the patch was located close (< 5 km) to or far (>5 km) from 

nearest patches and the source forest.  

With roughly an equal number of forest patches in each size and isolation patch groups, 

we randomly selected 18 from 34 forest patches to be surveyed encompassing approximately 

92% of the sampling area in the landscape. Most of the selected forest patches were situated in 

lowland forest (0 – 500 msl) to hill forest (500 – 100 msl) with gentle slope (< 16.5o, Table 1), 

and were under some form of protected management status by provincial or central government, 

ranging from nature forest reserves to national parks. Only one forest patch had limited 

production forest status. 
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Hornbill surveys  

Hornbills were surveyed during January to August 2003 in the 18 forest patches across 

the landscape. We used standard distance sampling (line transect) methods (Buckland et al. 

2001) to obtain hornbill detection histories for occupancy estimation analysis. A total of 56 line 

transects was established with numbers and transect length varied according to forest size 

category (Table 3, Chapter 2). Each transect was walked in the morning (0600-1000) and 

afternoon (1300-1700) on at least 2 days for each forest patch. The detection of hornbills from 

visual, vocal or wing beat data, or non-detection, was recorded on each occasion.  

Landscape variables 

We assessed 5 landscape parameters that we believed had the potential to affect hornbill 

occurrence: forest patch size (SIZE), mean proximity to settlements (DIVE), public roads 

(DIRE), elevation (ELEV) and slope (SLOP). Public roads and settlement were digitized from 

1:50,000 maps produced by the Indonesian National Coordination Agency for Surveys and 

Mapping (Bogor, Indonesia) and measured as the Euclidian distance to the nearest transect. 

Elevation and slope data were obtained from a digital elevation model (DEM) from the NASA 

Shuttle Radar Topographic Mission (Rabus et al. 2003). All spatial predictor variables were 

converted into 100 m2 raster GRID format. We chose 56 sampling points that were randomly 

selected within each transect. At each sampling point spatial characteristics were extracted and 

log10 transformed. 

Statistical analysis and model design  

The best way to assess a predictive model is to test it with independent data collected 

outside the dataset used to build the model (Fielding 2002); these data were unavailable in this 

study. Therefore, before we ran the analysis, hornbill occurrence data were partitioned using the 
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K-fold or 2 partitioning method (Smith ,1994), with randomly and unequally sized groups called 

the validation subset and training subset (Smith 1994, Fielding and Bell 1997). Fielding (2002) 

suggests that the training subset should be larger than the validation subset. To determine the 

ratio of data partitioning between the validation subset and training subset, we used heuristic 

determination (Huberty 1994): 

R = [1 + (p -1)1/2]-1           (1) 

where R is the ratio of data partition and p is the number predictors. As a result, on each species, 

33% (n = 19) of data were used as a validation subset and 67% (n = 37) data for training subset.  

We used a 3-step process to develop a SEHM of hornbill occurrence in Lampung 

province. First, we used the software PRESENCE to predict a hornbill detection probability 

using hornbill detection histories on a subset of the data.  Models included detection probability 

as a constant p(.), or as affected by various combinations of site-specific covariates, such as 

elevation. Second, results from the best detection probability (p) were incorporated into logistic 

regression analysis to determine which landscape covariates, individually or in combination, best 

explained the probability of hornbill presence (ψ). Candidate models from this analysis were 

ranked by their Akaike Information Criterion (AIC) values (Burnham and Anderson 2002). 

Third, the best candidate model was used to estimate the probability of patches occupied by each 

hornbill species. For the final logistic regression model the probability of hornbill occurrence (P) 

was constructed into a logistic regression model, 

€ 

P =
e(β0 +∑β iXi)
1+ e(β0 +∑β iXi)

        (2)    

where β0
 is the constant coefficient (intercept), βi is a selected independent variable coefficients 

and Xi represent their associated resultant variables. The prediction maps of hornbill occurrence 



 68 

were made by loading raster datasets of the predictor variable into ArcGIS 9.2 (ESRI, Redlands, 

CA) and entering the final model equations into the raster calculator. 

Model evaluation 

To evaluate model performance and optimum threshold selection from the logistic 

regression models for each hornbill species, we used area under the receiver operating 

characteristic curve (AUC) of the receiver operating characteristic (ROC) plots (Fielding and 

Bell 1997, Cantor et al. 1999). The ROC plot-based approach measures predictive power from 

predictions (occupied and not occupied) of species distributions (Pearce and Ferrier 2000, Liu et 

al. 2005), and has shown effectiveness in ecological modeling studies (e.g., Osborne et al. , 

Schadt et al. 2002, Linkie et al. 2004). To determine the optimum threshold of hornbill presence 

from SEHM prediction results, we selected the single point in the ROC plots that was closest to 

the upper-left corner (0,1). Cantor et al.  (1999) suggest that the point at this corner represents a 

perfect classification with 100% sensitivity and specificity. ROC plots and AUC were calculated 

using SPSS software (SPSS 2007), the results are reported as the AUC ± standard error (SE) and 

tests that the model results do not differ from chance (i.e., AUC = 0.5). The resultant AUC 

values range from 0.5 to 1.0, where values above 0.7 indicate an accurate model fit and above 

0.9 indicate a highly accurate model (Swets 1988).  

RESULTS 

From hornbill surveys in 18 forest patches, all 9 Sumatran hornbills were recorded with 

at least one species recorded in every surveyed forest patch. We observed 366 hornbills on 56 

transects with sampling occasions varying from 2 to 8 on each forest patch. Most observed 

hornbills were identified by calls or wing beats (78%), and only 22% were identified visually.  

However, because some hornbill species were detected twice or more within a single occasion, 
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only 216 observations qualified to be used in the analysis. We excluded 5 hornbill species that 

had small numbers of total occurrences (< 6 occurrence), B. bicornis, A. corrugatus, A. galeritus, 

A. albirostris and A. malayanus. As the result, only four common species were used in the final 

analysis (Table 2). 

The majority of our transect sampling was in lowland forest (0 – 500 msl) and hill forest 

(500 – 1000 msl), with slope terrain that was accessible by observers. Due to study area and 

logistical limitations, within each forest patch most of our transect sampling points were set up 

relatively close with an averaged separation  < 1 km apart. None of the surveyed forest patches 

lacked anthropogenic disturbance (Chapter 2) and most of transects were relatively near 

settlements and public roads (an average of 4.22 km with minimum distance of 0.17 km for 

proximity to public roads and average of 8.19 km with minimum distance of 1.17 to 26 km for 

proximity to settlements).  

By comparing AIC values of competing models for each species, spatially related 

gradient covariates, elevation and slopes, were important parameters to explain detection rate of 

the 3 large-bodied generalist hornbill species, B. rhinoceros, R. vigil and R. undulatus. 

Probability of occupancy and detection for B. rhinoceros were positively related to elevation (ψ 

(Elev) = 0.87 ± 0.06, p(Elev) = 0.51 ±  0.06), and were supported with AIC weight > 50% (Table 

3.3). Exploring other landscape covariates that reflected habitat disturbance, proximity to roads 

and settlement, had weak support to explain detection probability of these species. However, 

probability of occupancy for R. undulatus and A. galeritus was affected by proximity to 

settlement with summed Akaike weight nearly 100% (Table 3.3). In contrast, for A. galeritus, the 

only small-bodied territorial species in the analysis, proximity to settlement appeared to 

influence their detection.  Despite the largest detection probability of any of the study species, it 
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showed the most precision (0.18 ± 0.05, Model 4.1, Table 3.3). The top ranked result from each 

species was then used to construct the SEHM of their probability of occurrence across the 

landscape. 

Visual inspection of SEHM model results shows that the importance of proximity to 

settlement for detecting A. galeritus may partly explain occupancy model results. As depicted on 

the SEHM predictions map (Figure 3.1-A), the higher probability of occurrence of this species 

was found in areas distant to settlement. Conversely, B. rhinoceros and R. vigil showed a 

relatively similar distribution of probability of occurrences in the landscape, which was 

correlated with landscape terrain (Figure 3.1 B, D). The most generalist and nomadic species, 

prediction of R. undulatus occurrence in the landscape likely showed actual representation of the 

species occurrence (Figure 3.1-C). Most of the remnant forest patches in the landscape were 

accessible for this species.  

Using optimum threshold values that we selected from ROC plots results (Figure 3.4), the 

probabilities of presence from SEHM predictions in surveyed and non-surveyed forest patches 

indicated a similar pattern among hornbill species (Table 3.4 and 3.5). Overall, with the 

exception of R. undulatus, hornbills were predicted to be absent from most non-surveyed patches 

(Figure 3.2 - A). In contrast, the probability of species being present in surveyed patches was 

higher (Figure 3.2-B). Forest patches those were larger than 1000 ha and not isolated received a 

high percentage of the forest patch area that was predicted to be occupied by hornbills (Figure 

3.3). From 16 of these forest patches, 11 (Patch ID: 1 - 11) were situated mostly within the Bukit 

Barisan Selatan Landscape as defined by Gaveau et al. (2007). Five forest patches (Patch ID: 12 

- 16) were mainly disturbed mangrove forest near Way Kambas National Park.  One forest patch 
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(patch ID 12) nearly disappeared during the study due to heavy encroachments. Therefore, these 

patches may not really all be potential habitat for hornbills. 

Model evaluation of SEHM prediction results indicated that the highest model accuracy 

was found for the small-bodied territorial species, A. galeritus, with 66% of the time random 

selection from positive group (Sensitivity) will have a score greater than a random selection from 

negative class (Specificity, Figure 3.3). B. rhinoceros  and R. vigil had 57% and 52%  of global 

model predictions correctly classified, respectively. In contrast, model performance for the most 

generalist and wide ranging species, R. undulatus, was the lowest among hornbill predication 

models; only 44% from model predictions were correctly classified. 

DISCUSSION 

Our modeling approach to understanding hornbill occupancy of forest patches in Sumatra 

provided a diversity of outcomes.  Our models generally proved to be noisy and provided some 

occupancy errors in both directions.  That is, we predicted hornbill presence in patches were we 

did not find them and we found hornbills in patches where we predicted them to not occur.  This 

model noise may be a result of a number of factors.  For example, researchers often depend on 

bold morphological characteristics and loud vocalization and wing beats, hornbills were easy to 

identify by an observer during surveys. However, these cues may become less obvious when 

hornbills occupy patchy environments in fragmented landscapes so that the probability of 

detecting the species is more difficult. In our study, hornbill probability of detection never 

exceeded 0.5. We suggest that species-specific characteristics related to the appearance and 

behavior of the species, as well as the local habitat or surrounding landscape, may influence the 

species detection probability. 
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The original field data used in the models was developed to attempt distance sampling 

estimates of hornbill abundance using line transect.  Therefore, we did not account for spatial 

autocorrelation into our model. However, with clustered localization of our sampling points, we 

suspected that our sampling might not be free from a spatial autocorrelation effect. Ecological 

studies implicitly assume an underlying spatial pattern in the species distribution and their 

environment, and there is a tendency of neighboring sample units to possess similar values than 

would be expected by random chance (Legendre 1993, Smith 1994, Augustin et al. 1998). 

Lichstein et al. (2002) and Betts et al. (2006) found that models that ignore the spatial 

autocorrelation tend to overestimate the importance of environmental variables and could include 

variables that have little or no relevance. Therefore, to avoid or reduce spatial autocorrelation 

affects in future modeling studies, we suggest independently evaluating the spatial 

autocorrelation effect or incorporating it into the model (as autocovariate) to calibrate model 

performances. Some ecological modeling studies have found, that predictive accuracy and model 

versatility tend to improve when incorporating an autocovariate term into model development 

(Legendre 1993, Augustin et al. 1998, Betts et al. 2006).  

Model performance and hornbill behavior     

With the exception of small-bodied and territorial species, hornbills vary widely in their 

ability or willingness to cross unsuitable areas in the fragmented landscape (Kinnaird & O’Brien 

2007). From the SHEM prediction map results, we showed how nomadic behavior was 

beneficial for R. undulatus to occupy all of the remnant forest patches in the landscape (Figure 

3.1-C). Among hornbill species in Asia, the genus Rhyticeros is the most widespread, occurring 

on more oceanic islands than any other genus (Kinnaird & O’Brien 2007). Some incidental 

observations also recorded that R. undulatus was able to cross the 3-km wide Bali strait (van 
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Ballen personal communication.) and was able to cross between forest patches over a densely 

populated area in the main capital city of Lampung Province (Y. Hadiprakarsa personal 

observation).   

Occupancy of A. galeritus was influenced by proximity to settlement; we also suggest it 

is affected by population density.  The probability of occupancy of this species was influenced 

by the availability of large trees, which they need for nesting (Chapter 2). The increase of 

population density may lead to the removal of large trees through agricultural encroachment or 

illegal logging to support their livelihood. Kinnaird et al. (2003) and Gaveau et al. (2007) 

reported that agricultural encroachment, mostly converted into coffee plantations (O'Brien and 

Kinnaird 2003), was the most important factor that caused deforestation in Bukit Barisan Selatan 

National Park and its surroundings. Laurance et al. (2002) also found a similar result in the 

Amazonian rainforest with other species.  

For the habitat-restricted species, the model for A. galeritus performed better compared to 

models for the other large-bodied generalist species. Although B. rhinoceros and R. undulatus 

have adequate occurrence data compared with the other species, prediction results for these 

species showed poor agreement with the actual occurrences. Generalist species that occur over a 

wide range of habitat types are often difficult to model, whereas species that are more limited in 

habitat utilization are likely to modeled well (Dettmers and Bart 1999, Dettmers et al. 2002). 

On numerous occasions, a species was predicted to be present in a forest patch but was 

not observed during surveys; for wide ranging species, this result may reflect their true flexibility 

to utilize virtually the whole landscape in search of a transient resource that is patchily 

distributed. This phenomenon also was explained by the density fluctuation for some hornbill 

species (Kinnaird et al. 1996, Anggraini et al. 2001). Conversely, species with restricted ranges, 
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a different result observed, likely due to detection probability being higher. However, when this 

group of species was confirmed absent from a particular forest patch, it is likely the species was 

extirpated due to unfavorable causes or some stochastic event.          

Our model performances were somewhat below average with respect to AUC index 

references (Swets 1988). We suspected that our model development strategy using K=2 

partitioning method had influenced to the overall model performance. Wiens (2002) suggested 

that performance of models is related to the tools used to construct or provide information to the 

models, the data used to drive the models and the internal structure of the model themselves. In 

addition the partitioning method can influence error rates; consequently, if data are partitioned, 

the size of training set must be decreased and this can reduce model accuracy (Fielding and Bell 

1997, Guisan and Zimmermann 2000).   

 Our model prediction results were probably affected by the relatively small data set used 

to build the models and low detection probability. Karl et al. (2002) found that error rates of 

predicting species occurrence with small sample size characterized by high estimates of 

commission error (when species is predicted to be present in a forest patch but is not observed) 

and high variability in omission error (when species is predicted to be absent but is observed) 

estimates. Therefore, to improve model results for future work, we advise evaluating sampling 

protocol designs for hornbill surveys that can capture more variability in habitat relationships at 

broad scales.  In this case, in accordance with MacKenzie and Royle (2005), for surveying large-

bodied, wide-ranging species with large home ranges, we suggesting retain an optimum number 

of surveyed forest patches but with more repeated surveys. Conversely, for small-bodied species 

with range restrictions, adding more forest patches to be surveyed will be sufficient to capture 

more variability for these species. 
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Conclusions 

Our results suggest that acceptable predictive models at the landscape scale can be 

developed with extra caution on model development strategy. Incidence-based models may be 

valid for predicting patch occupancies by filled occupancies for non-sampled patches, at the time 

and place where data were collected. However, this model may fail when used as a forecasting 

tool to predict future distribution patterns (Castellon and Sieving 2006). 

With the large area requirements of suitable habitat for Sumatran hornbills to persist in 

the landscape, conservation action for these species requires a better understanding of 

relationships between species and habitat requirements. The lack of such information represents 

a gap in our knowledge of habitat conservation priorities for hornbills. This study is one of the 

first to apply spatial explicit modeling to predict probability of occurrence of hornbills in broad 

scale. Our modeling result showed a great potential of this method to predicting hornbill 

occurrences.  

Application of this model will allow us to improve efficiency of conservation efforts on 

hornbills.  Forest patches, which have not been surveyed for hornbills, can be prioritized to allow 

for better partitioning of limited conservation resources available.  In addition, our model 

suggests that there should be high probabilities of the species occurrence in some forest patches 

where they were not detected.  This suggests that we should re-survey those sites and if they are 

truly not present, assessing the potential of conservation priority to the site will be beneficial 

hornbill management in the future.  Therefore, we would recommend further studies for 

application of spatial explicit modeling approach as an alterative tool for assessing habitat 

requirements for Sumatran hornbills at broad scales. Furthermore, this tool would be beneficial 
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aid for land managers to setup conservation priorities for Indonesian hornbills in fragmented 

landscapes.     
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Table 3.1. Spatial statistics of forest patches derived from LANDSAT ETM+ 7 analysis in 

southern Sumatra landscape, Indonesia, during 2000.  

  Remnant Candidate Selected 

Patch number 60 34 18 
    
Patch size (ha)    

Min 0.17 153.6 153.81 
Max 149,505.19 149,505.19 149,505.19 

Mean 6,796.84 11,962.51 20,036.19 
ST.Dev 24,109.30 31,051.10 40,775.16 

Total 399,989.09 398,842.15 367,640.41 
    

Nearest patch distance (km)    
Min 0.20 0.20 0.20 
Max 55.94 55.94 55.94 

Mean 2.30 3.72 5.55 
STDEV 7.10 9.68 12.89 

    
Forest area by elevation category (ha)a    

Lowland (0 - 500 m dpl) 195,436.46 195105.03 175,802.82 
Hill (500 - 1000 m dpl) 123,084.29 122,650.20 119,888.36 

Lower montane (1000 - 1500 m dpl) 73,046.54 72,665.12 64,870.17 
Upper montane (1500 - 2200 m dpl) 8,421.80 8,421.80 7,079.07 

    
Forest area by slope category (ha)b    

Gentle slope <16.5 Degree 315,824.06 318,622.22 290,622.22 
Steep slope >16.5 Degree 84,165.03 80,219.92 77,018.19 

 

a Forest by 4 elevation-based categories proposed by van Steenis (1961),  

b Slope categories proposed by Gaveau et al. (2007).
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Table 3.2. Common and scientific names with weight, territorial, elevation distributions, and 

home range and daily travels of 4 species of Sumatran hornbills. 

 

Speciesa Weight (g)b Territorial 
b,c 

Elevation 
distribution 

(m) b,g 

Home 
range  
(km2) 

Daily 
travel 
(km) 

Wreathed hornbill 
(Rhyticeros undulatus) 1,950 - 2,515 no 0 - 2500 28d > 5 

Rhinoceros hornbill 
(Buceros rhinoceros) 2,180 - 2,580 no 0 - 1000 ? 10 – 15d 

Helmeted hornbill 
(Rhinoplax vigil) 2,500 - 3,100 no 0 - 1000 ?  

Bushy-crested hornbill 
(Anorrhinus galeritus) 933 - 1,172 yes 0  - 1800 1.5f < 2.5c,h 

Bushy-crested hornbill 
 

     

aKemp 2001; bKemp 1995; cKinnaird and O'Brien 2007; dPoonswad and Tsuji 1994; eTsuji et al. 

1986; fWCS-IP Unpublished data; gMacKinnon et al. 1993;  hSimulation result.  
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Table 3.3. Summary of model selection procedures and parameter estimate to develop models of probability of occurrence for 4 

Sumatran hornbills in Lampung Province, Sumatra, Indonesia. 

 Model AIC ΔAIC w K -2l ψ  S.E p S.E 
1. B. rhinoceros          

1.1 psi(Elev),p(Elev) 165.89 0 0.42 4 157.89 0.87 0.06 0.51 0.06 
1.2 psi(Elev),p(Elev + Slop) 167.86 1.97 0.16 5 157.86     
1.3 psi(Elev),p(Elev + Dive) 167.88 1.99 0.15 5 157.88     
1.4 psi(Elev),p(Elev + Dire) 167.88 1.99 0.15 5 157.88     
1.5 psi(Elev),p(Elev + Dire + Dive) 169.83 3.94 0.06 6 157.83     
1.6 psi(Elev),p(Elev + Slop + Dive) 169.84 3.95 0.06 6 157.84     
1.7 psi(Elev),p(Elev + Slop + Dire) 169.84 3.95 0.05 6 157.84     

2. R. vigil          
2.1 psi(.),p(Slop) 104.23 0 0.28 3 98.23 0.41 0.10 0.47 0.07 
2.2 psi(Elev),p(Slop) 105.65 1.42 0.14 4 97.65     
2.3 psi(.),p(Slop + Dire) 105.96 1.73 0.12 4 97.96     
2.4 psi(.),p(Elev + Slop) 106.22 1.99 0.10 4 98.22     
2.5 psi(.),p(Slop + Dive) 106.22 1.99 0.10 4 98.22     
2.6 psi(Dive),p(Slop) 106.23 2 0.10 4 98.23     
2.7 psi(Elev),p(Slop + Dire) 107.19 2.96 0.06 5 97.19     
2.8 psi(Elev),p(Elev + Slop) 107.53 3.3 0.05 5 97.53     
2.9 psi(Elev),p(Slop + Dive) 107.64 3.41 0.05 5 97.64     

2.10 psi(.),p(Slop + Dire + Dive) 107.82 3.59 0.04 5 97.82     

Notes: ψ is the probability a site is occupied by hornbill species and p is the probability of detecting hornbill in j th survey, ∆AIC is 

the difference in AIC values between each model with the low model, w is the AIC model weight, K is the number of parameters in 

the model.               (Continued)  
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Table 3.3. Continued 
 

Model AIC ΔAIC w K -2l ψ  S.E p S.E 

3. R. undulatus          
3.1 psi(Dive),p(Elev) 128.28 0 0.24 4 120.28 0.63 0.13 0.29 0.08 
3.2 psi(Dive),p(Dire) 128.41 0.13 0.23 4 120.41     
3.3 psi(Dive),p(Dive) 128.56 0.28 0.21 4 120.56     
3.4 psi(Dive),p(Elev + Dive) 130.08 1.8 0.10 5 120.08     
3.5 psi(Dive),p(Elev + Dire) 130.27 1.99 0.09 5 120.27     
3.6 psi(Dive),p(Dive + Dire) 130.29 2.01 0.09 5 120.29     
3.7 psi(.),p(Dive) 131.35 3.07 0.05 3 125.35     

4. A. galeritus          
4.1 psi(Elev),p(Dive) 116.47 0.33 0.37 4 108.47 0.79 0.11 0.18 0.05 
4.2 psi(Elev),p(Elev) 117.99 1.85 0.12 4 109.99     
4.3 psi(Elev),p(Slop) 118.11 1.97 0.12 4 110.11     
4.4 psi(Elev),p(Dir) 118.13 1.99 0.11 4 110.13     
4.5 psi(Elev),p(Elev + Slop + Dive) 118.83 2.69 0.08 6 106.83     
4.6 psi(Elev),p(Elev + Dire + Dive) 119.02 2.88 0.07 6 107.02     

 
 



 90 

Table 3.4. Predicted mean proportion of patch occupancy and hornbill occurrences in non-surveyed forest patch of four hornbill 

species in Lampung Province, Sumatra, Indonesia. Note: AG =  A. galeritus, BR =  B. rhinoceros, RU = R. undulatus, RV = R. vigil.   

Predicted mean 
proportion of patch occupied Predicted hornbill occurrence Patch 

Id Patch size Patch 
isolation 

AG BR RU RV AG BR RU RV 

1 Medium Not-isolated 0.15 0.44 0.16 0.48 0 1 0 0 
2 Medium Not-isolated 0.07 0.77 0.26 0.76 0 1 0 0 
3 Medium Isolated 0.07 0.77 0.26 0.75 0 1 0 0 
4 Medium Not-isolated 0.20 0.75 0.26 0.87 1 1 0 1 
5 Small Not-isolated 0.09 0.77 0.26 0.81 0 1 0 0 
6 Medium Not-isolated 0.23 0.69 0.27 0.70 1 1 1 0 
7 Small Not-isolated 0.31 0.72 0.27 0.69 1 1 0 0 
8 Small Not-isolated 0.22 0.46 0.29 0.63 1 1 1 0 
9 Small Not-isolated 0.10 0.76 0.26 0.76 0 1 0 0 
10 Medium Isolated 0.15 0.79 0.26 0.80 0 1 0 0 
11 Small Not-isolated 0.16 0.28 0.11 0.34 0 1 0 0 
12 Large Isolated 0.18 0.70 0.27 0.84 0 1 0 1 
13 Medium Not-isolated 0.26 0.75 0.26 0.78 1 1 0 0 
14 Medium Not-isolated 0.08 0.76 0.26 0.86 0 1 0 1 
15 Medium Not-isolated 0.20 0.08 0.35 0.27 1 0 1 0 
16 Small Not-isolated 0.18 0.75 0.26 0.79 0 1 0 0 
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Table 3.5. Predicted mean proportion of patch occupancy and hornbill occurrences with observed occurrences in surveyed forest patch 

of four hornbill species in Lampung Province, Sumatra, Indonesia. Note: AG =  A. galeritus, BR =  B. rhinoceros, RU = R. undulatus, 

RV = R. vigil. Predicted occurrences are bolded when the model suggested that the species was present but not actually observed, and 

italicized when the model predicted no occurrence, but we actually found the species to be present. 

Predicted mean proportion 
of patch occupied Predicted hornbill occurrence Observed hornbill 

occurrence Patch 
Id 

Patch 
size 

Patch 
isolation AG BR RU RV AG BR RU RV AG BR RU RV 

17 Small Isolated 0.19 0.69 0.27 0.81 1 1 1 0 0 1 1 0 
18 Small Isolated 0.05 0.80 0.26 0.84 0 1 0 1 0 1 1 0 
19 Medium Isolated 0.01 0.58 0.21 0.69 0 1 0 0 0 1 1 0 
20 Large Isolated 0.01 0.40 0.23 0.46 0 1 0 0 1 1 1 1 
21 Large Isolated 0.19 0.63 0.28 0.76 0 1 1 0 0 1 1 1 
22 Medium Not-isolated 0.04 0.74 0.26 0.69 0 1 0 0 0 1 1 0 
23 Small Not-isolated 0.28 0.71 0.27 0.83 1 1 0 1 0 0 1 0 
24 Medium Isolated 0.36 0.77 0.26 0.84 1 1 0 1 1 1 0 0 
25 Large Not-isolated 0.33 0.16 0.33 0.12 1 0 1 0 1 1 1 0 
26 Medium Isolated 0.23 0.72 0.27 0.83 1 1 0 1 0 1 0 0 
27 Small Isolated 0.18 0.11 0.27 0.10 0 0 1 0 0 1 0 0 
28 Medium Not-isolated 0.26 0.76 0.26 0.84 1 1 0 1 1 0 1 0 
29 Large Not-isolated 0.09 0.75 0.26 0.83 0 1 0 1 1 1 1 1 
30 Large Not-isolated 0.21 0.78 0.26 0.84 1 1 0 1 1 1 0 1 
31 Small Not-isolated 0.62 0.06 0.36 0.06 1 0 1 0 1 1 1 1 
32 Small Not-isolated 0.61 0.07 0.36 0.08 1 0 1 0 0 1 1 0 
33 Source Source 0.48 0.07 0.36 0.07 1 0 1 0 1 1 1 1 
34 Source Source 0.11 0.74 0.26 0.70 0 1 0 0 1 1 1 1 
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Figure 3.1. Predicted probability of occurrence maps for 4 hornbill species in Lampung Province, Sumatra, Indonesia.  (A) A. 

galeritus, (B) B. rhinoceros, (C) R. undulatus, (D) R. vigil.  Patches that were surveyed during field research are outlined in red and 

those that have not been surveyed are not outlined. Number on each patch represent of patch ID.  

(A) 
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Figure 3.2. Percentage of total patch area of prediction occurrences in non-surveyed (A) and 

surveyed area (B) for 4 Sumatran hornbills in Lampung Province, Sumatra, Indonesia. Note: AG 

=  A. galeritus, BR =  B. rhinoceros, RU = R. undulatus, RV = R. vigil.   
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Figure 3.3. Percentage of probability of presences in non-surveyed forest patches. Grouped by 

forest patch size (A) and forest isolation (B) for 4 Sumatran hornbills in Lampung Province, 

Sumatra, Indonesia. Note: AG =  A. galeritus, BR =  B. rhinoceros, RU = R. undulatus, RV = R. 

vigil.  
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Figure 3.4. Receiver operating characteristic (ROC) plots of developed model of 4 hornbill 

species. (A) A. galeritus, (B) B. rhinoceros, (C) R. undulatus, (D) R. vigil. Note: Diagonal 

segment produced by ties. S.E was under the non-parametric assumption, P was asymptotic 

significance with null hypothesis of true area = 0.5.  AUC values of > 0.7 is considered good fit 

and > 0.9 is very good. Ot
 was optimum threshold selected.  
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CHAPTER 4 

CONCLUSIONS 

Important of resource and habitat quality to hornbill occupancy 

Occupancy estimation results suggest a positive relationship of resources availability and 

habitat characteristics, as well as landscape characteristics to the patch occupancy of seven 

Sumatran hornbills and their detection probability. Fig density and potential nesting tree density 

were important covariates to patch occupancy estimates for three large-bodied, non-territorial 

species (B. rhinoceros, B. bicornis and R. vigil) with summed model weights of more than 50%. 

With movement restriction for small-bodied and territorial species, availability of potential 

nesting trees was more important for this group of species.  

Patch occupancy was higher in low disturbance forest patches for all four hornbill 

species. Forest patch size was an important covariate to estimate probability of patch occupancy 

for at least five species of hornbill. In general, patch isolation appeared to not have a strong 

affect as a covariate to estimate patch occupancy for hornbills. The ability to occupy forest 

patches was driven by species-specific requirements of resources, habitats and landscape 

configuration. 

The large-bodied non-territorial hornbill species appeared to be more flexible in their 

ability to occupy forest patches in a fragmented landscape. For small bodied species, distance to 

the nearest vacant forest patch tends to exceed dispersal abilities, it is likely that the probability 



 100 

of occupying an isolated patch becomes very low, and their populations may eventually 

disappear through a combination of stochastic events and habitat loss. 

Predicting Sumatran hornbill occurrences 

For three large-bodied generalist species, B. rhinoceros, R. vigil and R. undulatus, 

elevation and slopes, were important parameters to species detection rate. Patch occupancy and 

detection estimates for B. rhinoceros were positively related to elevation. For R. undulatus and 

A. galeritus, patch occupancy was affected by proximity to settlement with summed Akaike 

weight nearly 100%.  

Model evaluation of SEHM results showed A. galeritus, had the highest accuracy (66%), 

whereas B. rhinoceros and R. vigil had 57% and 52%  of global model predictions correctly 

classified, respectively. In contrast, model performance for the most generalist and wide ranging 

species, R. undulatus, was the lowest among hornbill predication models; only 44% from model 

predictions was correctly classified. Generalist species in this model tend to be difficult to model, 

whereas species that are more limited in habitat utilization are likely to be modeled well. 

Because of clustered localization of our sampling points, we suspected that our sampling 

might not be free from spatial autocorrelation effects. Therefore, independent evaluation of 

spatial autocorrelation effects or incorporating these effects into the model (as an autocovariate) 

may be beneficial to reduce spatial autocorrelation effects. In addition, with low probability of 

detection over large areas and a relatively small data set used to build the models, these may 

have also influenced model prediction results.  

Because of low detection probability for hornbills, I suggest an improved sampling 

design protocol for hornbill surveys. For large-bodied, wide-ranging species with large home 
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ranges, I suggest retaining an optimum number of surveyed forest patches, but with more 

repeated surveys. Conversely, for small-bodied species with range restrictions, adding more 

forest patches to be surveys will be sufficient to capture more variability for these species. 

Application of this model showed a great potential of this method to predicting hornbill 

occurrences and can be used as a tool to improve efficiency of conservation efforts for hornbills. 

Model results suggest that there should be high probabilities of the species occurrence in some 

forest patches where they were not detected. If hornbills are truly not present, then the 

conservation potential of those sites should be assessed for future hornbill management. 

Furthermore, this tool should be a beneficial aid for land managers to setup conservation 

priorities for Indonesian hornbill in fragmented landscapes. 
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