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Abstract 

A major threat to the persistence of forest birds in Fiji is habitat fragmentation caused by 

logging and habitat alteration and disturbance through agricultural practices. In this study 

I measured differences in habitat use and behaviour of ten species of forest birds in 

degraded and non-degraded forests in Nakobalevu and Savura, Southern Viti Levu, Fiji to 

determine the effects of habitat alteration on bird community structure. I used point-count 

surveys to assess whether the activity and vegetation strata occupied by forest birds 

varied between habitats. 

Differences were seen between the two habitats. Of the 518 individuals recorded, 285 

were from the degraded forest and 233 from the non-degraded forest, indicating that the 

abundance of the species measured was, overall, greater in the degraded forest than non-

degraded. Although all species were found in both forest types, the distribution pattern of 

the ten study species between the different strata varied significantly. Internal habitat use 

did not differ between sites surveyed.  

Most studies of the influence of logging on forest bird ecology focus on human-induced 

changes in diversity. In this study I have focussed on behaviour of a subset of species that 

are all able to persist in the face of disruption. The changes in behaviour identified 

confirm that logging can have subtle effects on forest birds’ ecology and behaviour, and 

that these changes can be measured even eight years after logging has ceased. The long-

term implications of the changes in behaviour observed between the two habitat types are 



unknown. However they emphasise the importance of maintaining undisturbed tracts of 

forests for the future integrity of tropical ecosystems. 
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

The tropical rainforest 

Nature’s huge bounty and powers of regeneration have encouraged us to take the benefits 

of our environment for granted, as if they were something infinite and eternal, too large 

to measure or monitor. The tropical rainforest is the earth's most complex biome and is 

home to two-thirds of all animal and plant species on the planet (Myers 1985; Bailey et 

al. 1989). There are three main regions of tropical rainforest, Central and South America, 

West and Central Africa and Southeast Asia (Anonymous 2006).  

  

The tropical rainforest is usually characterized by high rainfall (Broeker 2006) and occurs 

under optimal growing conditions of high precipitation and warmth. (Anonymous 2002). 

Temperatures are usually uniformly high – between 20°C and 35°C (Anonymous 2006). 

It is crucial to note that these forests have developed over time in a relatively benign 

environment where temperature and moisture fluctuations are low (Lawrence 1976) 

compared to anywhere else on earth.  

The rainforest is divided into five different parts, each with different plants and animals 

adapted for life in each strata. These are the ground, shrub, understorey, canopy and 

emergent layers. The emergent layer consists of tall trees scattered above a closed canopy 

formed by crowns of other trees. The canopy is regarded as the most frequented part of 

the rainforest as it is here that most of the flowering and fruiting trees grow, attracting a 

variety of animals. Below the canopy is a third layer formed by smaller trees whose 



crowns do not meet.  The next layer is composed of woody and herbaceous shrubs. The 

last layer the ground, is usually characterized by leaf litter and receives very little 

sunlight. 

Tropical rainforest supports a broad array of organisms including mammals, reptiles, 

birds and invertebrates. It is estimated that many hundreds of millions of new species of 

plants, insects and microorganisms are yet to be discovered (Anonymous 2006). The 

tropical rainforest is known to support human populations and food resources within the 

forest are extremely dispersed due to the spatial distribution of flowering and fruiting 

plants and a high biological diversity (Bailey et al. 1989).  

Furthermore, the tropics is known to have greater biological productivity with distinctive 

resources such as fruiting and nectar producing plants that support categories of species 

not found in many temperate locations. This extraordinary abundance of species 

associated with humid tropical regions at equatorial latitudes (Bulluck & Buehler 2006) 

reflects the overwhelming climatic influence on the generation and maintenance of 

species richness that in turn supports a variety of life.  

  

Threats to forests 

Despite the many benefits of the tropical rainforest, they represent a significant 

conservation concern, with many forests reduced to biologically impoverished remnants 

embedded in the agricultural countryside (Laurance & Bierregaard 1997). Rainforests 

now cover only about 6% of the Earth, less than half the area they covered in previous 



years (Anonymous 2002). Tropical forests represent a concentration of biodiversity and 

there is a major concern arising from the effects of land-use changes on tropical habitats 

and animal communities. One of the major concerns is highlighted by the rapid rate of 

rainforest conversion (Brown & Lugo 1990) to agriculture.  

Although the precise area is debated, each day at least 80,000 acres (32,300 ha) of forest 

is lost from the earth with at least another 80,000 acres being degraded (Myers 1989). It 

is therefore estimated that 60% of the world’s remaining forests are secondary or 

otherwise degraded (Chazdon 2003). The increasing consumption and transformation of 

natural resources are irreversibly reducing the diversity of species and altering ecosystem 

processes and patterns. 

Fragmentation in tropical rainforests creates landscape patches containing remnant 

habitats, which are usually surrounded by unfavorable environmental conditions (Raman 

2006). In general, it produces changes in the physical environment and extinction of 

species owing to factors such as area reduction and fragment isolation (Lovejoy et al. 

1986; Saunders et al. 1991).  

Because fragmentation occurs through a process of habitat loss in most circumstances, 

the effects of landscape composition and configuration are usually confounded (Betts et 

al. 2006). Hence, small fragments of habitat do not contain environmental conditions 

ideal for the survival of all flora and fauna that are native to undisturbed forest.  

Disturbances, whether natural or influenced by humans, affect the structure, composition 



and spatial configuration of the forest ecosystems. Habitat loss will therefore cause 

population declines (Balmford et al. 2003), and resource availability will in turn limit the 

degree to which increases in population density can compensate for reduced habitat area 

(Betts et al. 2006).  

Loss and fragmentation of tropical forest can lead to down-stream effects on forest-

dwelling species such as forest birds (Lees & Peres 2006). The expansion of degraded 

lands into deforested landscapes could have important implications for the long-term 

conservation of tropical forest wildlife (Daily 2001). The spatial arrangements of the 

forest mosaic greatly affect birds in landscapes with small forest fragments and limited 

vegetation cover (Andren 1994). With tropical forests being fragmented, there is a 

general concern that traditional movements facilitating ecological processes such as seed 

dispersal, genetic mixing, meta-population dynamics and the ability of birds to obtain full 

diets especially in times of food shortages, maybe compromised (Holbrook et al. 2002). 

The impacts of forest fragmentation on bird populations are usually species-specific 

where many birds respond strongly to factors other than, or in addition to, forest area and 

isolation (Lynch & Whigham 1984). Previous studies in the Western Ghats (Raman 

2006) indicated considerable variations in bird species richness and composition as one 

of the major causes of forest fragmentation. This was a direct response to the spread of 

plantations, particularly tea, coffee and Eucalyptus. The lower abundance of rainforest 

birds in plantations and fragments is partially attributed to alteration of tree canopy and 

habitat structure (Raman 2006). 



 Another response to fragmentation is the rates of recent, present and future extinctions of 

bird species. This is believed to depend on the degree of human impacts (Pimm et al. 

2006). Insectivorous birds are known to have disappeared (Sekercioglu et al. 2002) as a 

result of forest disturbance and fragmentation in tropical forest fragments. Their extreme 

specializations make it unlikely that any other taxa can replace these birds in ecosystem 

services. A quarter of all European and North American birds have significantly declined 

in the past three decades and globally, 78% of threatened bird species have continuously 

diminishing populations (Sekercioglu et al. 2004). Due to their high ecological 

specialization, tropical insectivores are more sensitive to habitat fragmentation and 26% 

of these species are extinction prone (Sekercioglu et al. 2002).  

The distribution patterns of forest avifauna in degraded areas can be obtained from 

identifying the main habitat elements that explain such patterns (Peh et al. 2006). This is 

possible through assessing whether diversity, abundance and avian activities with 

different dietary requirements vary among habitats.  

Given the high rate of tropical deforestation, (Sekercioglu et al. 2007) the extent and 

ecological qualities of the heavily deforested countryside will determine whether some 

tropical forest species can persist in the absence of extensive forests. Despite the 

increased awareness of the importance of these forests, deforestation rates have not 

slowed (Raman 2006). This in-turn, will affect the future of biodiversity. 



Fiji’s forests 

The Fijian rainforests are similar to those of Africa and South America in that they are 

arranged in layers of trees, shrubs, herbs and climbing plants (Burke 1981). These 

tropical moist forests support a particularly rich flora and fauna with a large number of 

endemic species (Burke 1981). Forest within Fiji varies with rainfall, with dry forest 

occurring in the lowland areas of the north and western parts of the island to wet 

rainforests at higher altitudes. Rainforest is the predominant native terrestrial vegetation 

type in Fiji but species composition and structure varies in response to geology, 

landform, climate and prevailing winds. The interior of Viti Levu is dominated maturely 

by insequent hills but extensive flat lands are found close to river systems (Foye 1917). 

The terrain is often steep in mountainous areas with the climate ranging from wet rainy 

seasons from November to April and hot dry conditions from May to October. The rocks 

forming the interior hills are frequently sandstones and marls in contrast to volcanic rocks 

along the coasts (Foye 1917). 

On a few circumstances, cyclones has often resulted in landslides and flooding of low 

lying areas but erosion is more common in agricultural areas compared to forested areas.  

The physical structure of these forests is often affected where topographical and 

geological features are believed to further enhance its composition (Masibalavu & 

Dutson 2006).  The regular occurrence of cyclones is believed to have created wind 

resistant trees, created gaps and resulted in the rapid re-growth of fallen trees. 

  



Vegetation in most parts of the larger islands range from grass and reeds through 

windswept scrub to luxurious rainforests (Clunie 2007). The lowland forests extend to 

about 600-800m grading into montane and cloud forests on peaks and ridges. Most 

mountain areas are very steep with numerous ridges, with the maximum altitude of 1,324 

m at Mt Tomaniivi (Mt Victoria) in Viti Levu (Masibalavu and Dutson 2006). Two 

conifer species, Agathis vitiensis and Podocarpus spp. principally dominate the wet 

mountain zone. 

Forest loss in Fiji  

Many forest areas in Fiji are heavily degraded, posing a major threat to most native and 

endemic flora and fauna. This is indicative of the economic pressure on land-owning 

units to generate income and the constraints of limited resources and capacity on 

conservation. About half of Fiji’s forests have been lost through land clearance for 

agriculture, logging and repeated forest fires (Masibalavu & Dutson 2006). Most forests 

in Fiji are un-protected and are at risk from logging and conversion to mahogany 

plantations. Forest loss in Fiji has mainly occurred in the lowlands while large areas of 

upland forests remain intact.  

The commercial logging of Fijian forests is being carried out on a large scale and its 

impacts are compounded by improper land use practices (Clunie 1984). Logging is 

typically the first major pressure, often providing access to remote areas and leading to 

further clearance and degradation. It usually involves the extraction of marketable timber 

where emphasis is placed on the commercial value and transportation costs without any 



regard to future harvest or sustainable use (Thiollay 1997). This has become the prevalent 

perturbation in many tropical rainforests and therefore can considerably modify the 

structure and composition of the forest mosaics (Drapeau et al. 2000).  

The clearance of native vegetation creates habitat fragments, which can only support a 

small population of flora and fauna making the remaining population susceptible to 

extinction. The removal of trees disturbs critical bird habitats, thus forest birds may fail to 

breed or will have to do so in adjacent poor habitats (Drolet et al. 1999; Hannon 1999). 

The alteration of the forest microclimate and vegetation structure due to logging may 

result in avian diversity reduction in logged forests (Johns 1991; Thiollay 1992).   

Although most forest birds are highly mobile, open areas between forest fragments may 

act as movement barriers and landscapes with poor habitat quality will support only small 

populations of birds. Studies by Pimm et al. 2006 indicated that most birds in the Hawaii 

islands have gone extinct due to human impacts. This study indicated that at least one 

species became extinct in the Pacific every few years after first human contact.  

However, there have not been any major extirpations or species extinctions from Fiji. To 

date, species presumed extinct include the Barred wing rail (Nesodopeus poecilopterus), 

Giant megapode (Megavitiornis altirostris) Wandering whistling duck (Dendrocygna 

arcuata) and probably the Red throated lorikeet (Charmosyna amabilis). On the other 

hand, a few Fijian bird species have adapted to human dominated landscapes outside 

native forests (Clunie 1984). An excellent indicator is the Collared lory (Phigys 

solitarius) which can be found anywhere there are flowering trees, from mangrove 



swamps to mature forests. Aside from this, endemic species are known to suffer greatly 

as they are usually habitat restricted and if exposed to extreme degrees of disturbance, 

will be vulnerable to extinction.  

Agricultural land play a potentially prominent role in the survival of forest species as they 

compensate for habitat loss by harboring (Vandermeer & Perfecto 1997) and can also 

buffer and complement protected areas (Curran et al. 2004). The expansion of 

agricultural activity can lead to the destruction of huge areas of natural habitats, including 

forests, grasslands and wetlands. If human impacts on Fijian rainforests continue at their 

present rate, they will threaten many species not presently at risk. Therefore the rapidly 

declining species will be vulnerable to losing most of their populations and functional 

roles within ecosystems long before their actual demise. 

Given the rapid loss of critical forest habitats in Fiji, there needs to be an understanding 

by different conservationists of the factors contributing to the loss of forest birds. This 

could in turn lead to an understanding of important new insights into the general patterns 

of species responses to habitat disturbance. 

Tropical birds 

Avian diversity is higher in the tropics compared to temperate regions (Wiens 1989). The 

presence and abundance of forest birds depends on vegetation composition, forest cover 

and the spatial configuration of landscapes (Kelly 2001). Studies in tropical forests have 

revealed that habitat fragmentation alters species diversity and composition as well as 



changing ecological processes such as increasing rates of tree mortality, desiccation and 

wind turbulence (Stratford & Stouffer 2001). Some bird species will be lost as a direct 

result of habitat loss (Turner 1996).  

Forest birds are amongst the vertebrate taxa most vulnerable to the increasing frequency 

and intensity of habitat disturbance (Wong 1985; Johns 1991; Thiollay 1992; 1999; 

Raman et al. 1998; Sekercioglu 2002). Sekercioglu et al. 2004 indicated that due to bird 

declines, ecosystem processes and services may be disrupted. Together with amphibians, 

reptiles and other mammals, they are particularly sensitive to deforestation compared to 

other taxa such as vascular plants (Brook et al. 2003).  Apart from threats imposed by 

introduced species, in Fiji, skinks and ground frogs are known to also be vulnerable to 

habitat disturbance. 

Given the high rate of forest fragmentation worldwide, most studies of bird effects have 

aimed at investigating birds and habitat change (Whitman et al. 1998; Hill & Hamer 

2004; Peh et al. 2006). Bird population existence in fragmented landscapes is related to 

the creation and distribution of small habitat fragments, scattered habitat patches, the 

proportion of forest edges and microhabitat features (Kelly 2001).  

The Pacific Islands rank high in the world for bird biodiversity but an estimated 30% of 

Pacific birds are threatened with extinction (Swinnerton & Maljkovic 2002). Studies by 

Steadman (Steadman & Zarriello 1987; Steadman 1991) on bird species distribution in 



the Pacific Islands suggested that more species have been extirpated or are extinct due to 

human impact. 

It is believed that on-going reductions in bird abundance (Gaston et al. 2003) are likely to 

have far reaching ecological consequences (Sekercioglu et al. 2004) with diverse 

impacts. The loss of avian dispersers and pollinators for some plant communities may 

result in high risk of plant extinctions due to lost mutualisms (Bond 1994). Declines in 

pollination (Robertson et al. 1999) and seed dispersal as a result of bird extinctions may 

lead to extinctions of dependent plant species. This is particularly important in the 

Australia, New Zealand and Oceanic regions where the proportion of bird pollinated 

plants is higher than anywhere else in the world (Sekercioglu et al. 2004). Effects can 

range from the spread of disease and loss of agricultural pest control to plant extinctions 

and trophic cascades. The disappearance of biological controls like birds may result in 

insect population increases thus, leading to crop losses. Sekercioglu et al. 2004 indicated 

that the exclusions of insectivores from apple, oak, coffee trees and other shrubs resulted 

in insect pest increases and consequent plant damage.  

Territorial birds may be most affected as they lack the ability to search for new habitats 

(Kelly 2001). More importantly, some forest areas may experience population declines 

due to the poor dispersal abilities of bird species and their reluctance to cross opens areas. 

Physiological constraints can prevent them from adapting to changes in habitats and 

microclimate associated with forest disturbance (Peres et al. 2003).  



The changes in species - area relationships in relation to disturbance reflect changes in 

the pattern and scale of habitat heterogeneity within tropical forests (Hill & Hamer 2004). 

Landscapes with poor habitat quality support small populations leading to decreased 

breeding success and adult survival. This may result in increased mortality for species not 

capable of adapting to new habitats. 

Out of the forest birds threatened on a global scale, 82% are restricted to tropical forests 

and 41% to lowland forests (BirdLife International 2000). Island birds have suffered 93% 

of bird extinctions mainly due to habitat destruction, introduced species and direct 

persecution (Swinnerton & Maljkovic 2002). Habitat destruction and degradation are the 

most important factor threatening island birds, affecting over 50% of island species 

(Johnson & Stattersfield 1990).  

Currently, 21% of bird species are considered ‘extinction prone’, a category that includes 

species that are extinct (1.4%), threatened (12.1%), or near threatened (8%) with 

extinction (Anonymous 2006). Rapid losses of forest bird species may instigate 

substantial reductions in certain ecosystem processes before we have time to study and 

understand the underlying mechanisms.  

Birds are the best-known class of organisms and their conservation status is assessed 

regularly (Anonymous 2006). It is important to gain a precise understanding of the 

ecological consequences of bird population losses. Therefore, there is a pressing need to 



assess avian ecosystem services and estimate the potential ecological effects of bird-

habitat relationships.  

Birds are an integral part of the environment and many species provide key ecosystem 

services. In many tropical communities, there are many rare and specialized bird species 

(Terborgh 1974); the removal of which may increase the invasibility to generalist taxa 

and have unpredictable impacts that may further damage the already impoverished 

communities. Forest specialists usually have broader niches than birds in continental 

forest ecosystems due to lower avian diversity. In Fiji, only one species the Long 

leggered warbler is known to have specific habitat use; around waterfalls and fast flowing 

rivers. Other species on the other hand appear more adaptable. 

Birds as environmental indicators 

Birds have been the most studied taxonomic group (Johns 1991; Lambert 1992; Thiollay 

1992; Lynch & Whigham 1995; Johns 1996; Estades 1997; Sodhi et al. 2004; Blumstein 

et al. 2004; Peh et al. 2006; Pimm et al. 2006). They are often used as indicators of the 

effect of habitat disturbance as they respond to habitat changes at several scales (Wiens 

1989) and perform important ecological functions including predation, pollination and 

seed dispersing (Stiles 1983). 

Several key features that make birds suitable as environmental indicators have been 

identified. These include: 

• Birds are easy to survey as they are easy to identify 



Birds sing, are easy to see and identify and there aren’t too many species. 

• Better known in local tradition and culture 

Birds are part of the Pacific Island cultures and many identify with a species as a 

‘totem’. The local communities can better understand bird conservation strategies 

when they partake in field surveys. 

• Birds respond quickly to environmental changes 

• Widely distributed in patterns similar to other biodiversity 

• More is known about birds and there is a vast amount of literature describing 

their ecology.  

Bird taxonomy, identification tools, distribution patterns and conservation status are 

better known than other groups. 

Fiji’s Birds 

The high diversity of wildlife in Fiji makes it one of the richest island countries in 

Polynesia (Swinnerton & Maljkovic 2002).  Fiji currently has 87 species of breeding 

birds, which are widespread across the islands (Masibalavu & Dutson 2006). Out of these 

87 species, 57 are breeding land species, 19 breeding seabird species and 11 introduced 

breeding species. Another 52 bird species visit Fiji but do not nest here (Masibalavu & 

Dutson 2006). In total, there are 29 non-breeding seabird visitors and 22 non-breeding 

shorebird visitors and 1 non-breeding land bird species (Masibalavu & Dutson 2006). 

Fiji’s endemic birds are confined to a particular geographical area and this makes them 

susceptible to small-scale disturbances (Masibalavu & Dutson 2006). It has also been 



identified as one of the endemic bird areas (EBA) in the tropical South Pacific (EBA 202: 

Stattersfield et al. 1998). The native land birds are mostly forest species and are tolerant 

of various forest types (Clunie 1984).  

A few species are restricted to mature forests, while others have adapted to grassland, 

gardens, agricultural areas and town habitats. Most Fijian birds are less tolerant of poor 

habitats as improper logging practices gives way to colonization by vines and other 

pioneer vegetation (Masibalavu & Dutson 2006). A number of migrants visit the Fijian 

shores to breed or feed but have yet to establish themselves locally (Masibalavu & 

Dutson 2006). The richest variations in avian distribution maybe found on large forested 

islands of Viti Levu, Vanua Levu, Taveuni, and Kadavu (Clunie 1984). 

The introduction of invasive alien species are key threats to the survival of birds in Fiji. 

These species compete with the native bird populations for resources and they directly 

harm eggs and chicks causing population declines in some bird species (Masibalavu & 

Dutson 2006). The Indian mongoose (Herpestes auropunctatus), feral cat (Felis 

domesticus), feral pig (Sus scrofa) and rat (Rattus spp.) are efficient predators on native 

birds greatly diminishing their populations.  

Ground breeding species e.g. Barred-wing rail (Nesodopeus poecilopterus) have gone 

extinct from mongoose islands. Other vulnerable species include the Red throated 

lorikeet (Charmosyna amabilis) and Friendly ground dove (Gallicolumba stairii). 

Introduced plants e.g. African tulip (Spathodea campanulata) is a serious threat in that it 



colonizes at a faster rate than the endemic plants thus taking up space hence native birds 

would have to relocate to a more familiar or rather favorable habitat.   

Fires created to clear grassland and thickets often spread into adjacent old-growth forests 

(Masibalavu & Dutson 2006) destroying bird habitats. Hunting, whether for subsistence 

or commercial and bird exchange for local trade, is a major on going threat to many 

native and endemic bird populations. Bird species affected on a large scale have been 

parrots, pigeons, rails and doves.  

Still very little information has been published on the ecological data of bird species in 

Fiji. Therefore, conservation measures often lack robust ecological evidence. My study 

focuses on observing the effects of habitat modification on forest birds and evaluating 

this relationship in the degraded and non-degraded areas of the Viti Levu Southern 

highlands. 



Objectives and Hypotheses 

My prime goal is to provide insights into how land-use activities such as logging affect 

the abundance of the Fijian forest birds at stand and landscape scales. 

My specific objectives are to: 

1) assess the impact of forest structural changes caused by logging on the abundance of 

a subset of forest bird species 

2) test how structural changes caused by logging influence habitat use (in particular 

spatial habitat) by forest birds 

I hypothesize that: 

1) the association of birds with forest variables is clearer in non-degraded forest than in 

the disturbed landscape 

2) each study species will show a specific response to forest structure and composition 

3) bird response to the spatial features of the sites surveyed will provide an insight on 

the impacts of forest degradation 



CHAPTER 2: MATERIALS AND METHODS 

2.1 Study Area 

My study sites were located in Savura and Nakobalevu in the Viti Levu Southern 

highlands, Suva, Fiji (Figure 2). These sites are within one of the Important Bird Areas 

(IBA - FJ10), which is known to contain globally threatened and restricted range forest 

bird species (Masibalavu & Dutson 2006).   

Both these sites have degraded areas subjected to logging and other forms of disturbances 

like agricultural practices. Forest types include multiple use forests, protected, preserved 

forests and amenity and timber production plantations. A mixture of native trees 

characterizes these lowland tropical rainforests, with other vegetation stands along rivers 

and streams. Field observations indicated that the sizes of native trees did not differ much 

with the non-degraded forests. However, there were more vines, creepers and shrubs in 

the degraded forests.   

The sites were selected due to their close accessibility and also for the fact it had logged 

and un-logged forests. Both forest types are protected by the Department of Forests as 

reserves. Nakobalevu is at a higher elevation to Savura and has an intact natural forest 

ecosystem.  

Topographical maps were used to randomly select survey plots and determine points 

(Appendix 3). Landmarks were used wherever possible to determine survey plots. 



Natural features such as rivers, streams and ridges were used as a guide to access selected 

points.  

2.1.1 Nakobalevu 

Mount Nakobalevu is approximately 1.5km from Coloisuva village near Suva and is 

surrounded by lowland rainforest. At the top of the mount, it has an elevation of about 

464m (Masibalavu & Dutson 2006) and has radio towers owned by Communications Fiji 

Limited (CFL) and Fiji Broadcasting Corporation Limited (FBCL). It is a lowland 

rainforest represented by chains of hills and low mountains. The surrounding forest is 

legally protected under the Forestry Act due to its topography, soil types and climatic 

conditions. Traditional logging such as the occasional removal of trees for house 

construction is likely to have occurred before the establishment of the reserve.   

The protected area contains a highly sensitive forest, made up of native trees alongside 

streams and creeks. Prominent species include Agathis sp., Podocarpus spp., Myristica 

spp., palms (Hydriastele vitiensis and Balaka spp.) and ground vegetation comprising 

wild ginger, Pandanus spp., ferns and shrubs. Like other isolated Fijian mountains, it 

often has stunted vegetation due to the shallowness of the soil, exposure to strong winds 

and the Massenerhebung effect (Masibalavu & Dutson 2006) of lower altitudinal zones. 

The Massenerhebung effect describes the variation in tree line based on mountain size 

and location. Generally, mountains forming a range will tend to have higher tree lines 

than isolated mountains due to heat retention and wind effects (Grubb 1971). 



Adjacent to this protected forest is a site that was selectively logged 2-8 years ago.  The 

disturbed forest is at a lower elevation, approximately 300m. Given the time span, it has 

regenerated and now comprised of shrubs, thickets which include dense fern, wild ginger, 

Pandanus spp. and shrubs. Apart from this, a few native trees are present and these 

include Agathis spp., Calophyllum spp., Palaquium spp., Myristica spp., Alphitonia spp., 

and Parinari spp.  As it is close to Coloisuva village, plantations and gardens are slowly 

expanding up the foothills of the lower degraded area. 

2.1.2 Savura 

Savura is located about 8 km north of Suva at an elevation of about 400m at the highest 

peak and is mostly covered by lowland rainforest (Keppel et al. 2005). It has an uneven 

topography with steep slopes and ridges. Savura comprises two adjacent forest reserves, 

Vago and Savura, which are catchment areas for Savura creek, which supplies a portion 

of Suva’s water supply (Keppel et al. 2005) and is protected from logging (Masibalavu & 

Dutson 2006).  

The Vago forest reserve was established in 1979 and covers a lowland rainforest area of 

about 24.7 ha while the Savura forest reserve was established in 1973 and comprises an 

area of 396.5 ha. Since their establishment, no trees have been removed from these 

reserves (Keppel et al. 2005). Like Nakobalevu, tall emergents are common throughout 

this reserve with lots of streams running through the forest. 



A degraded forest (approximately 300m) is within close proximity of the forest reserve, 

separated by the Savura Valley Road. This area is bordered by settlements in the Wailoku 

and Tacirua suburbs. Gardens and agricultural farmlands are located inside the reserve 

with a few plantations surrounding the degraded forest. Reeds, vines, African tulip 

characterizes the forest edges of the degraded forest.  



Figure 1: Map of the Fiji Islands (Source: Fiji maps online) 

Study sites 



Figure 2: Forest function map of study sites from forest survey done in 1992 (Source: 

Management Services Division, Forestry Department, Coloisuva Forestry Station).  

Key: 

ND 1 – Non-degraded forest 1 (Nakobalevu) 

ND 2 – Non-degraded forest 2 (Savura) 

D 1 – Degraded forest 1 (Nakobalevu) 

D 2 – Degraded forest 2 (Savura) 

MUF – Multiple Use Forest 

PTF – Protection Forest 

PRF – Preserved Forest 



2.2 Experimental design 

A preliminary visit to the study area was made in August 2007 to establish survey plots 

and points. Sampling was carried out between August 2007 and January 2008. Some bird 

species are believed to be breeding during this time. Quantitative bird species data was 

collected in a point-count survey (Bibby et al. 1998) as point counts are a powerful 

method of measuring relative abundances efficiently (Whitman et al. 1997).  Bird species 

abundance from August to January correlates with the abundance of flowering and 

fruiting trees.  

Point count surveys are also the preferred avian survey method where inferences are to be 

drawn about habitat selection. Data collected can be directly related to the habitat in 

which sampling has taken place (Remsen & Good 1996; Bibby et al. 1998). This 

technique has also been widely used in tropical forests elsewhere, including Brazilian 

Atlantic forests (Marsden et al. 2000), India (Raman & Sukumar 2002) Western Australia 

(Luck 2002), Madagascar (Watson et al. 2004) and Asia (Sodhi et al. 2005).  I sampled 

60 points in both degraded and non-degraded forest at both sites.  

2.3 Bird sampling 

Due to the extremely rugged terrain and access limitations, the distance between 

sampling points was reduced to 100m. A total of six plots with 10 random points each 

was randomly selected and established in each site. I recorded birds within a 25m radius 

of each sampling point and data collected was recorded in a bird survey datasheet 

(Appendix 2).    



All bird surveys were conducted from 0600 hours to 1000 hours on fine days only. There 

was high rainfall recorded from September to December which is usually the hottest part 

of the year (Appendix 4.1). Previous studies conducted in this area (Naikatini 2003) 

indicated that bird activity is at its peak from August to December. It was not possible to 

spend more days and time in the field due to logistics and in particular weather conditions 

as this is the wettest part of Fiji. A total of 17 fine days was spent in the field within the 

survey months to collect a minimum sample. 

 All 60 points in the degraded and non-degraded forests were surveyed during this period. 

Each count was 10 minute in duration, balancing a maximization of the probability of 

detecting all study species present, while minimizing the probability of multiple-

detection. A three-minute ‘settling down’ period was allowed prior to surveying a new 

station. Survey plots were approached stealthily and any birds that were flushed, in flight 

or otherwise moved off on the recorders’ arrival were not recorded.  

The survey points established were as follows: 

Site Points 

Nakobalevu degraded 3 plots with 10 points each 

Nakobalevu non-degraded 3 plots with 10 points each

Savura non-degraded 3 plots with 10 points each 

Savura degraded 3 plots with 10 points each 

Table 1: Surveys points per treatment per site. 



During each survey, behavioural observations of each selected study species (Table 2) 

were conducted in a 10-minute period. An experienced field guide assisted in the 

identification of birds.  Bird species were selected with assistance from BirdLife 

International Fiji Programme staff and field trainings on bird identification was 

conducted prior to field surveys. A pair of binoculars (Opticron 8x42) was used to 

observe birds in each plot. 



2.3.1 Study Species 

With the assistance from technical advisors, 10 different species were selected for study. 

These species were those thought, a priori and were selected to obtain reasonable data 

sets, each inhabiting a comprehensive range of different forest strata. 

Bird 

Code 

Name Remarks  Forest habitat preference 

BP Barking pigeon  

(Ducula latrans) 

Nest composed of a 

platform of twigs built in 

the fork of lateral 

branch. 

Open mature forest, frugivore, and 

forages in the canopy.  

MSP Masked shining 

parrot (Prosopeia 

personata) 

Usually in small flocks, 

nests in holes of trees. 

Mature & secondary forests. 

Forages throughout forest strata 

including agricultural lands. 

GFH Giant forest 

honeyeater 

(Gymnomyza viridis) 

Common bird at dawn, 

loud call, nests in mature 

forests. 

Mature forests & forages for 

nectar in the canopy but maybe 

observed at lower levels. 

CL Collared lory 

(Phigys solitarius) 

Found in flocks, 

common in the wetter, 

windward areas, nests in 

crevices. 

Not restricted to a particular 

habitat and encountered in areas 

with suitable flowering trees. 

PT Polynesian triller 

(Lalage maculosa) 

May be found in pairs, 

cup – shaped nest of 

interwoven grass, fibres 

high up in a tree. 

An insectivore widespread from 

montane forests to suburban lawns 

but probably common in 

immature secondary forests.  

FBW Fiji bush warbler 

(Cettia ruficapilla) 

Rarely seen in flight, 

duet calls, crude nest 

domed with an entrance 

hole above mid height 

on one side.  

Mature forest dense undergrowth, 

secondary bush and agricultural 

land. Forages for insects in thick 

vegetation. 



Bird 

Code 

Name Remarks Forest habitat preference 

SM Slaty monarch 

(Mayrornis lessoni) 

Usually found in mixed 

species flock, nests in 

thick undergrowth close 

to the ground 

Forest sub-canopy gleaning for 

insects, occasionally dropping to 

ground level or ascending to the 

canopy. 

SF Streaked fantail 

(Rhipidura 

spilodera) 

A restless bird, nest has 

a long tapering tail made 

of fine grass, vine 

tendrils or bark fibres  

Lower canopy of well-wooded 

areas. Active forest gleaner for 

insects. 

BCB Blue crested 

broadbill 

(Myiagra 

azureocapilla) 

Encountered as pairs or 

as parents and a single 

young. Builds a delicate 

cup shaped nest 

Mature forests and forages in the 

lower canopy. 

SR Scarlet robin 

(Petroica multicolor) 

Common in forest edegs 

or clearings. Builds 

small cup-shaped nest 

constructed of fine plant 

fibers. Moss or lichen is 

interwoven on the 

outside. 

Forest edge, open wooded areas 

and secondary scrub. Forages for 

insects from ground to lower 

canopy. 

Table 2: Study species inhabiting different forest strata. (Watling 2001) 

Species were chosen on the ground that each was representative of each vegetative strata.  



The behaviour of each individual study species was observed at 10-second intervals for a 

total of 30 seconds during point counts. I recorded  birds as (moving, perching, foraging 

and nesting) to determine the activity associated with a particular habitat. General 

observations on bird activity were also conducted for the rest of the 10 second interval. 

Moving (M) includes the locomotion of birds unrelated to foraging or nesting. Perching 

(P) comprises all activities associated with perching such as basking or preening. 

Foraging (F) refers to feeding or movement to obtain food. Nesting (N) includes the 

collection of nesting materials or flights to or from nests. Each activity was assigned a 

corresponding code i.e. (Moving – 1, Perching – 2, Foraging – 3 and Nesting – 4).  I took 

a series of observations on each bird to collect more data on more individuals.  

Visibility difference among habitats could have biased my data, but I attempted to 

minimize such bias by using a small sampling area (25m radius) at each point, by 

scanning dense vegetation extensively, and by accurate identification of calling birds as 

visibility also varied among different birds in different strata. Careful observation of birds 

in different strata was carried out to minimize biasness. For species seen, I recorded the 

vegetation strata where each bird was recorded.  For species heard, I estimated the likely 

strata where it could be observed based on previous studies. The vegetation strata were 

classified as upper canopy (C), middle layer (M), shrub (S), and ground layer / lower 

layer (G) and a habitat code ranging from 1-4 was designated to each.  

  

2.4 Vegetation sampling 

Birds may respond to variation in vegetation structure (Sekercioglu 2002; Sodhi et al. 

2005).  I estimated structural characteristics within each habitat type. I also identified 



trees and estimated the height at which birds were located. This was to see if there was a 

difference in the habitat preferences of birds in degraded and non-degraded forests. 

Studies by Peh et al. (2006) revealed that variation in food abundance influences 

distribution of forest birds, so I made observations on fruiting and flowering trees in both 

habitats. Trees were then identified using texts on previous studies on the flora of the Fiji 

Islands (Parham 1942; Parham 1972). There were no measurements done on vegetation.  

2.5 Statistical Analysis  

For each study species, data on habitat preference, foraging guild, range size, 

conservation status and other biological information, was obtained from Watling (2001), 

Clunie (1984; 2007) and Masibalavu & Dutson (2006). I classified all observed bird 

species according to their habitat preference classes. Each species was grouped according 

to the recorded observed activity: moving, perched, foraging and nesting. Although I 

could tell it’s strata, I did not compare activity patterns of the Fiji bush warbler (FBW) as 

this was rarely visually detected and therefore was excluded from all behavioural 

analyses. 

I used Multifactor ANOVA (in SPSS version 13.0) to determine the activity of each 

species by measuring abundance against habitat and vegetational strata. I analysed 

behaviour separately and also used the Kruskal - Wallis test to check for a difference in 

means. On the basis of ranked data, the Kruskal - Wallis test does not require the 

assumptions of homogeneity of variances within groups and normality of data points 

(McCune & Grace 2002). 



To determine the relationship between forest birds, habitat and strata, I used Multi-

dimensional scaling (MDS) to construct a representation of point counts for habitat and 

strata. An MDS test bird on behaviour was done separately. MDS was used because it is 

considered to be the most effective ordination method of ecological community data, 

whereby sample units are positioned according to the association among species 

(McCune & Grace 2002). Community richness is an ecological attribute referring to the 

number of species in a particular area. In my study, it was calculated using a Community 

Analysis Package - Sorensen (Bray – Curtis) V 1.5. It is a similarity coefficient used for 

comparing two samples and is mainly used as a distance measure. 



CHAPTER 3: RESULTS 

3.1 Birds 

    3.1.1 Habitat structures  

The habitat structures in the degraded and non-degraded forests varied greatly.  The non-

degraded forest comprised mature vegetation while residual stands, damaged vegetation 

and shrubland characterized the degraded forest. Bird species recorded from the non-

degraded forest, were associated more with riverine vegetation while most individuals 

were observed on fruiting and flowering trees along the logging road and tracks in the 

degraded forest. Although not measured, observations indicated tree sizes were greater 

and canopy cover the fullest in the non-degraded forests.  

However, in the degraded forests, regenerating vegetation was common suggesting a 

pattern of adaptation to disturbance. The ability of native vegetation to re-colonize 

disturbed areas after logging was clearly indicated in the degraded forests. The tree 

species generally preferred by study species varied between habitats (Table 3). There was 

greater species diversity in the degraded forest compared to the non-degraded forest. 

Gardens and plantations were located along the degraded forest boundaries with creeper 

and vine cover dominant around large trees and shrubs. Logging roads and tracks were 

visible throughout the logged forest with large gaps created amongst stands and extensive 

damage to the remaining vegetation. 



  3.1.2 Birds and habitats 

There was a variation in the occurrence of the 10 study species between degraded and 

non-degraded forests (Figure 3). In general, more individuals were seen in the degraded 

forest. Point count sampling yielded 285 individuals in the degraded forest and 233 

individuals from the non-degraded forest. In comparing the forest types, the Nakobalevu 

degraded forest recorded a high number of species (154 species) compared to the Savura 

degraded forest (131 species). In the pristine forest however, more species was recorded 

in Nakobalevu (121 species) compared to Savura (112 species). Abundance was similar 

for most species and most of the overall difference in numbers was in four canopy and 

understorey species (Figure 3). 

Figure 3: Mean abundance per sample (± SE) of study species in the degraded and non-

degraded forest. Details on each species – Table 2.
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Non-degraded forest common species 

Bird species χχχχ
2 Df P 

Masked shinning parrot 13 3,8 <0.002 

Barking pigeon 7.69 3,8 <0.001 

Slaty monarch 3.6 3,8 <0.001 

Streaked fantail 10.4 3,8 <0.004 

Table 3: Multi – factor analysis of variance results for common species in the non-

degraded forest. 

Degraded forest common species 

Bird species χχχχ
2 Df P 

Polynesian triller 9.3 3,8 <0.02 

Collared lory 9.3 3,8 <0.02 

Scarlet robin 9.3 3,8 <0.02 

Fiji bush warbler 9.8 3,8 <0.01 

Table 4: Multi – factor analysis of variance results for common species in the degraded 

forest. 

3.1.3 Vegetation Strata  

The use of different vertical vegetation strata varied with habitat type. Study species were 

observed more in the different strata of the degraded forest compared to the non-degraded 

forest (Figure 4 & 5). A Chi-square test indicated that the distribution pattern between the 

different strata of the 10 study species varied significantly (χ2 8.80, df 2, P<0.01). The 

canopy species (giant forest honeyeater, barking pigeon, masked shinning parrot and 

Polynesian triller) were found only in the canopy layers of both habitats. Mixed species 



flocks of different understorey bird species were recorded in both the canopy and middle 

layers. These flocks usually consisted of various bird species in particular the streaked 

fantail, slaty monarch, blue crested broadbill, Fiji bush warbler, scarlet robin and the 

Polynesian triller on a few occasions. 

In the non-degraded forest, the masked shinning parrot was found in both the canopy and 

middle layer but occurred more in the canopy of the non-degraded forest (χ2 = 4.6, df 3,8 

P<0.001). Although recorded also in the degraded forest, its frequency of occurrence did 

not show much difference in the canopy and middle layer. Like the masked shinning 

parrot, the slaty monarch was more abundant in the non-degraded forest (χ2 = 3.6, df 3,8 

P<0.001) where it was recorded in both canopy and middle layer with the latter being  

where it was more common. In the degraded forest however, it was only observed at low 

frequency in the middle layer. 

 GFH BP MSP PT CL SR SM SF BCB FBW

Canopy 17 21 12 6 0 0 3 2 0 0 

Middle 2 0 1 2 0 0 10 9 9 5 

Shrub 0 0 0 0 0 0 2 0 0 6 

Ground 0 0 0 0 0 0 0 0 0 6 

Table 5: Sample sizes for each species in different strata in the non-degraded forest. 



Figure 4: Proportion of birds in different strata in the non-degraded forest. 

 GFH BP MSP PT CL SR SM SF BCB FBW

Canopy 18 9 3 19 12 0 0 1 0 0 

Middle 1 3 3 1 2 7 3 9 10 3 

Shrub 0 0 0 0 0 1 2 0 0 22 

Ground 0 0 0 0 0 0 0 0 0 14 

Table 6: Sample for each species in different strata in the degraded forest. 
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Figure 5 – Proportion of birds in different strata in the degraded forest 

The occurrence of the giant forest honeyeater did not vary much among strata (Figure 4 

& 5). The barking pigeon on the other hand, was recorded at a higher frequency (χ2 = 

7.69, df 3,8 P<0.01) in the non-degraded forest where it was found only in the canopy. In 

the degraded forest it was found to inhabit both the canopy and middle layers (χ2 = 7.33, 

df 3,8 P<0.01). 

3.1.4 Bird Activity 

The observed activity pattern of each study species varied with habitat type. Overall, 

more forest birds were seen moving and foraging in open habitats. The obligate flocking 

behaviour of community understorey birds made observation easier. Bird behavior was 

analyzed separately for each habitat and also for different strata in each habitat. 

Observation was straight forward within a 0m -15m range but was a more difficult within 

15m – 25m. I had to make thorough observations throughout a 25m radius to ensure that 
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no bird was left out. However, this was done with caution not to disturb species present in 

the survey plot. Careful observation was also done in areas where vegetation cover was 

dense which was a common situation in valleys and forest edges. Rainfall was high 

during the survey months and in most occasions; survey had to end early due to heavy 

rain. Data received from the Fiji Meteorological Service showed high rainfall records 

during the survey months, August – December (Appendix 4). 

Activity patterns of forest birds differ depending on time of the day. This survey was 

conducted in the morning from 0600 hours to 1000 hours. It was observed that most birds 

feed in the morning, from 0600 to 0700 before the temperature increased. As the day got 

warmer, most of the canopy species were seen preening or just simply perching on tree 

tops. I did not analyze species which was not seen and in this case, it was the Fiji bush 

warbler.  

MANOVA was used to analyze each different activity for each different bird in each of 

the habitats surveyed.  Behavior data for each species was pooled together and the most 

common behavioral activity was taken as the main behavioral pattern. This was used in 

the analysis. In all situations, bird activity was observed to be either of a particular kind 

e.g. perching throughout the 30 second interval. In a few situations, it consisted of two 

separate types, usually foraging and moving among branches.  



The understorey birds however, were either flying around in pairs or in a mixed flock. 

This band of insectivorous birds usually consisted of two pairs of blue crested broadbill, a 

pair of slaty monarch, three streaked fantails, a pair of scarlet robin and a pair of Fiji bush 

warbler. On a few occasions, the golden whistler, lesser shrikebill and island thrush were 

seen amongst a flock of this bird community. In almost all survey points, the streaked 

fantail was found to be very territorial and aggressive often calling and following the 

observer for a short distance.  

Behaviour observations of species in flocks were done in a way to account for all species 

involved. Dual observations on behavior were conducted on bird species which were 

observed together. This usually involved a streaked fantail chasing a slaty monarch or a 

golden whistler chasing the scarlet robin and the blue crested broadbill. In the non-

degraded forest, canopy species were observed to be either perching or foraging amongst 

tree tops. The understorey insectivorous birds on the other hand, were actively moving 

and foraging in the lower layers. 



Figure 6 – Mean (± SE) activity patterns of study species in the non-degraded forests. 

Details of each species in Table 2. 

Most canopy birds foraged in the degraded forest. e.g. Chi square tests on behaviour 

between habitats indicated that the barking pigeon was more active in the non-degraded 

forest (χ2 = 4.74, df 3,8 P<0.001).This habitat was found to contain a vast majority of 

fruiting and flowering trees which acted as food resources for the forest birds. Most birds 

(masked shinning parrot, Polynesian triller, collared lory, streaked fantail, slaty monarch, 

scarlet robin, blue crested broadbill) recorded higher movements among different strata 

with a few species aerially pursuing insects. Field observations indicated a close 

association between the Polynesian triller and Casuarina sp in the degraded habitat.  
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Figure 7 – Mean (± SE) of bird activity in the degraded forest. Details of each species in 

Table 2. 

Multivariate analysis of variance on bird behaviour between habitats indicated a slight 

variation in the behaviour of understorey birds. Slaty monarch (Degraded -χ2 = 7.16,df 

3,8 P<0.01; Non-degraded - χ2 = 4.6, df 3,8 P<0.01), streaked fantail (Degraded - (χ2 = 

2.77, df 3,8 P<0.01; Non-degraded - χ
2 = 2.94, df 3,8 P<0.001), and blue crested 

broadbill (Degraded - (χ2 = 10.6, df 3, P<0.01; Non-degraded - (χ2 = 11.7, df 3, P<0.01).  

Multi Dimensional Scaling (MDS) explores similarities or dissimilarities in data. 

Dimension 2 shows the stress level as Dimension 1 increases as a response to the 

behavioral associations of bird species. The clumping of points in Figures 8 and 9 

suggests similarity of activities. When I plotted an MDS plot (Figure 8) to the matrix of 

species abundance for the 10 study species in the degraded forest, the lower level species 
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(slaty monarch, blue crested broadbill, streaked fantail and scarlet robin) did not show 

similar activity patterns although these birds were always found in a community. The 

canopy species (giant forest honeyeater, barking pigeon, masked shinning parrot and 

collared lory) showed no correlation in activity patterns. As was indicative from field 

observations, none of these canopy bird species were found in close associations in 

logging gaps. The Fiji bush warbler was excluded as activity patterns weren’t recorded 

due to the inconspicuousness of this species. 

In the non-degraded forest most canopy species were recorded as either moving or 

perching. Associations of species in the non-degraded forest was indicated in the MDS 

plot (Figure 9) which showed no correlations between activities of canopy species where 

the giant forest honeyeater, barking pigeon and masked shinning parrot were found to be 

on their own. The closely associated community birds, slaty monarch, streaked fantail 

and blue crested broadbill did not show similar activity patterns.  



Figure 8 – MDS plot of bird activity in the degraded forest. There is no close association 

in the behaviour of each forest bird. Details of each species in Table 2. 
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Figure 9 – MDS plot of bird activity in the non-degraded forest. A slight variation in 

behavioural patterns as compared to the disturbed habitat where the behaviour of 

understorey insectivorous birds showed similar patterns. Details of each species in Table 

2. 
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  3.1.5 Community Richness

 Appendix 4.2 shows in detail data for the four habitats analyzed. The Axis represents 

habitats analyzed with Axis 1 representing Nakobalevu and Axis 2 Savura. Scattered 

points indicate there were no similarity patterns for the species in my study sites (Figure 

10).  

Figure 10 – Community richness measured comparing the four treatments. There was no 

similarity in species between the sites surveyed where similarity tests turned out negative. 

This indicates that each site differed from another in species composition.  



3.2 Vegetation

Bird 
species 

Degraded forest 
Tree names 

Non-degraded forest 

GFH Myristica spp., Palaquium spp., Agathis 
spp., Endospermum spp., Parinari spp., 
Alphitonia spp., Plerandra spp., Alpinia 
spp., Heriteria spp., Spathodea spp., 
Samanea spp., Cananga spp., Disoxylum 
spp., Dead tree 

Casuarina spp., Palaquium 
spp., Heriteria spp., Parinari 
spp., Alphitonia spp., 
Myristica spp. 

BP Dead tree, Palaquium spp., Alpinia spp., 
Samanea spp., Pandanus spp., Spathodea 
spp., Agathis spp. 

Dead tree, Palaquium spp., 
Calophyllum spp., Myristica 
spp., Endospermum spp., 
Parinari spp. 

MSP Santalum spp., Spathodea spp. ,
Barringtonia spp., Endospermum spp., 
Myristica spp., Pandanus spp., Alphitonia 
spp., Palm 

Casuarina spp., Calophyllum 
spp., Palaquium spp., 
Myristica spp., Pandanus 
spp., Dysoxylum spp., 
‘Balaka’, Palm 

PT Endospermum spp., Barringtonia spp., 
Palaquium spp., Alphitonia spp., Fragrea 
spp., Dysoxylum spp., Parinari spp., 
Plerandra spp., Spathodea spp., Dead tree 

Dysoxylum spp. 

CL Cocos spp., Alpinia spp., Spathodea spp., 
Kermadecia spp. 

No records  

SR Alpinia spp., Manihot spp., Parinari spp., 
Dead tree 

No records 

SM Palaquium spp., Spathodea spp., Scaevola 
spp., Alpinia spp., Parinari spp., Gonystylus 
spp., Dead tree 

Tree ferns, Parinari spp., 
Barringtonia spp., Syzygium 
spp. 

SF Ficus spp., Dysoxylum spp., Alpinia spp., 
Spathodea spp., Commersonia spp., 
Alphitonia spp., Parinari spp., Palm 

Crossostylis spp., Palaquium 
spp., Gonystylus spp., 
Barringtonia spp., Garcinia 
spp. 

BCB Scaevola spp., Palaquium spp., 
Calophyllum spp., Gonystylus spp., 
Barringtonia spp., Syzygium spp., Parinari 
spp., Alpinia spp., Spathodea spp., Ficus 
spp. 

Palaquium spp., Parinari 
spp., Atuna spp., 
Barringtonia spp., Dead tree 

Table 7: Trees favored by study species in the degraded and non-degraded forests. Tree 

selection by forest birds was based on the abundance of fruits and flowers in both 

habitats. A total of 20 trees was frequented by study species in the non degraded forests 



compared to the 28 tree species favored in the degraded forest. Although no vegetation 

features were measured, field observations indicated that tree preferences were similar in 

both habitats for each study species. Upon liaising with my field guide who is a Forestry 

Officer and also a bird expert, he indicated that tree preference habit observed for each 

species wasn’t surprising. Bird species are known to be more common on a particular tree 

where they are usually found foraging e.g. Barking pigeon is always found on the 

Myristica spp. where it’s known to feed on fruits. 



CHAPTER 4: DISCUSSION 

My goal was to provide insights into how land-use activities such as logging affected the 

abundance of the Fijian forest birds. I assessed the impacts of forest structural changes 

caused by logging on a subset of forest bird species by assessing behavioural changes in a 

logged and un-logged forest. My behavioural studies on these ten forest species was 

conducted using a 10 minute point count where I recorded the activity of each bird in a 

10 second interval for a total of 30 seconds.  

My findings indicated that the activity patterns of these forest birds were clearer in the 

degraded forests. Bird activity was high in the morning and declined as the day got 

warmer. Most species were found foraging in the degraded forest where fruiting trees 

were observed to be abundant. The degraded forest had more light and space with a dense 

shrub cover. Bird distribution in each vegetation strata was consistent with patterns 

observed in previous studies (Clunie 1984; Watling 2001) in Fiji.  

  

4.1 Birds 

4.1.1 Effect of habitat structure  

There are generalities in the use of habitat by the ten study species in the sites I surveyed. 

Studies by Drolet et al. (1999) indicated that the structure and biophysical characteristics 

of the land may influence bird persistence and habitat preference. In my study, more birds 

were recorded in the degraded forest compared to the non-degraded forest (Figure 3). 

This observed pattern indicates that these forest bird species are able to utilize at least 



some parts of the anthropogenic landscapes in large numbers at a given time. However, 

future studies should focus on all species present in both habitat types.  

Changes in species-area relationships in relation to disturbance reflect changes in the 

pattern and scale of habitat heterogeneity within tropical forests (Hill & Hamer 2004). 

Habitat quality is often reduced due to forest fracture and perforation which in turn is 

affected by the extent of disturbances such as logging (Lees & Peres 2006). Most native 

land birds are capable of inhabiting the heavily degraded areas to some extent, provided 

that some canopy trees and forest patches remain (Stiles 1985). The availability of forest 

patches with a good canopy cover in the degraded areas supported bird populations. My 

study species are known to adapt well to disturbance and this may explain the patterns 

found in the degraded forests.  

Of the ten species studied, the giant forest honeyeater showed similar abundance indices 

in both habitats (Figure 3) indicating that habitat change does not alter its preferences. 

The barking pigeon on the other hand, had a higher occurrence in the non-degraded 

forest. Previous studies (Watling 2001 & Clunie 2007), indicated that this species prefers 

mature forest, hence it was observed more in the mature non-degraded forest. Habitat 

characteristics may have been similar in both habitats which accounted for the abundance 

of these species in the two sites. Generally, this means that frugivores in these lowland 

rainforests have a preference for well wooded areas excluding factors such as 

disturbances and habitat alteration. 



Overall, five species (Polynesian triller, collared lory, blue crested broadbill and scarlet 

robin) were more common in the degraded forest compared to the non-degraded forest. 

While the Polynesian triller and collared lory are known to follow tree blossoms (Clunie 

1984) and adapt well to disturbance, the other three species might have been more 

observed due to high detectability in the disturbed forest. Gaps created in the degraded 

forest made observations easier as compared to the dense vegetation which comprised the 

non- degraded forest. Species forming mixed-species flocks have high chances of 

disappearing from small fragments created by disturbance (Sodhi et al. 2004). Bird 

distribution patterns differed in both habitats and this is due to habitat change caused by 

logging and agricultural practices.  

The majority of bird species I studied weren’t found outside well wooded areas. It is 

known that tropical birds have poor dispersal abilities (Bierregaard et al. 1992) as this 

depends on factors such as morphology and physiology. For instance, the blue crested 

broadbill was restricted to the dense bush cover of the sub-canopy in both habitats. 

Studies by Clunie (1984) indicated that it rarely ascends to the canopy and is often 

associated with well vegetated areas. 

Community insectivorous birds, like the streaked fantail and slaty monarch, showed 

higher occurrences in the non-degraded forest. The dense undergrowth of the non-

degraded forest was an ideal habitat for these birds and this is supported by previous 

findings Watling (2001), which stated that these species prefer well-wooded areas and are 

not found outside mature forests. In general, forest insectivorous birds have high habitat 



specificity, low mobility and are usually confined to the forest interior (Stouffer & 

Bierregaard 1995). 

Previous studies (Raman et al. 1998; Thiollay 1995; Johns 1992) stated that logged 

forests and secondary successional forests have altered community composition as 

compared to primary forests. My study indicated that logging and other forms of 

disturbances affected forest bird species in the Nakobalevu and Savura areas at a lower 

intensity than normally known. Disturbance may have positively affected the collared 

lory and Polynesian triller which have greatly benefited from the presence of flowering 

trees. The Polynesian triller was commonly found on ‘Velau’, Casuarina spp. and 

previous studies (Watling 2001) had indicated its close associations with a similar plant 

species, Casuarina equisetifolia which is common along the coasts. 

The potential of degraded habitats to support a high number of birds may be attributed to 

the fact that this forest has had time to recover. However, my observations indicated that 

logging and disturbance appear to have significantly altered habitat preferences and 

activity patterns of forest birds. This is evident in the change in interior habitat use, 

behavioural patterns and distribution of birds in the degraded and non-degraded forests.  

Most studies rely on the frequency of occurrence (Whitman et al. 1998) to evaluate 

species response to logging. Ultimately, one should consider measures of species 

survivorship (van Horne 1983) and productivity to best assess effects; however, these 

measures are expensive and difficult to obtain (Whitman et al. 1998). On the other hand, 



it may take a longer period of study to clearly observe whether logging significantly 

affects forest bird species in lowland rainforests in Fiji. The sample size I used indicated 

that disturbance affected my study species on a small scale.  

The higher occurrence of avifauna in this degraded forest does not necessarily imply that 

these habitats are suitable for forest species over a longer period (Peh et al. 2006). I have 

no evidence that the more abundant species in the disturbed forest are able to sustain their 

populations in this area. As the non-degraded forest is adjacent to the disturbed area, it 

may act as a source habitat and result in a steady influx of forest birds to the disturbed 

sites. Therefore, the bird community I observed may not be representative of the forest 

avifauna in degraded areas that have no primary forests nearby.  

Forest bird populations in degraded habitats face competition from both non-forest 

species and invasive species e.g. red vented bulbul (Pycnonotus cafer) and jungle mynah 

(Acridotheres fuscus). In the disturbed habitat close to settlements, forest species 

constituted only a small proportion of total individuals observed. Invasive species were 

more common, especially in areas with farmlands and plantations close to villages 

(Shankaran in prep. 2007), indicating high competition with forest birds. Invasive birds 

are believed to out-compete the native species for food and habitat.  

Based on my field observations, the red-vented bulbul was common in disturbed areas 

and field guides advised that this bird has a tendency to follow disturbance and colonizes 

a wider area compared to the mynah birds. Most introduced species are known to feed on 



introduced fruiting and flowering plants which in turn will result in the spread of these 

invasive plants to areas colonized by such bird species. This may delay forest recovery in 

some areas of disturbed forests.  

The spatial proximity of sites may possibly influence access and colonization by more 

mobile species. Nevertheless, I observed that habitat characteristics appear to play a 

strong role in determining bird community composition. For instance the two sites 

surveyed are approximately 3 km apart and surrounded by other primary and degraded 

forests. Sites that are accessible to forest birds because of their proximity may still not be 

colonized because they lack specific habitat attributes required by bird species (Raman et 

al. 1998).  

This however is not the case in my sites I surveyed indicating that some forest birds are 

capable of inhabiting disturbed habitats. The pattern of disturbed habitats influencing 

forest bird species abundance has also emerged in studies across man-altered habitats in 

other tropical regions (Raman et al. 1998; Raman & Sukumar 2002; Peh et al. 2006). 

However, despite this known pattern, I did not record any collared lory and scarlet robin 

in the non-degraded forests.  

My study did not measure habitat characteristics which could be the focus of future 

studies on bird habitat studies in tropical lowland forests in Fiji. The pattern I observed is 

consistent with the time allowed for this forest to recover. This survey was done 2 – 8 

years after logging and this time was sufficient for the forest to regenerate and may have 



provided an optimal habitat matrix for a high diversity of birds. Furthermore, it is 

essential that degraded forests are carefully managed to prevent further damages 

including fires, haphazard human settlements, fragmentation and hunting all of which are 

associated with contemporary disturbances (Laurance 1998) as these can be extremely 

detrimental to the forest wildlife. 

4.1.2 Bird community change   

A pattern of bird community change was observed in the lowland rainforest studied. It is 

believed that the degree of change in bird communities is strongly related to the 

magnitude of alteration of the rainforest vegetation structure and floristic composition 

(Raman et al. 1998). Changes in forest vegetation structure including changes in tree 

species composition, density of trees and amount of woody litter often causes change in 

bird communities (Shahabuddin & Kumar 2006). It is possible that forest bird 

communities are able to track the recovery of forest vegetation. This can account for the 

difference in bird communities observed in Nakobalevu and Savura. 

An increasing number of studies have shown the importance of habitat in the surrounding 

landscape matrix on bird communities in tropical forests (Stouffer & Bierregaard 1995; 

Daily 2001; Kelly 2001; Luck & Daily 2003; Sodhi et al. 2004; Shahabuddin & Kumar 

2006). These studies have indicated that structurally complex matrices have greater 

potential to support populations of forest birds than open areas.  



In my study, this pattern is supported in the comparison of semi intact non-degraded 

forests versus disturbed habitat as a direct result of logging and human persecution. 

Obviously, logging and habitat change through land conversion to agriculture will have a 

significant impact on forest birds. Bird populations are known to decline (MacArthur & 

MacArthur 1961) significantly after habitat disturbance. The relative abundance, use of 

strata and activity patterns of my study species differed between habitat types. This may 

be attributed to factors such recovery time given the fact that the degraded areas in my 

study were logged 2 - 8 years ago (Masibalavu & Dutson 2006). Future studies could 

compare areas that were logged within a range of 2 – 8 years in order to trace the forest’s 

reoccupation by birds. This may help identify the critical forest features that are needed 

by each species.  

Studies comparing bird communities in degraded and non-degraded tropical forests have 

a tendency to report an increase in diversity following disturbance when they sample at a 

larger spatial scale, due to an elevated diversity in degraded forests (Hill & Hamer 2004.) 

Forest fragments, particularly in disturbed areas, allow the persistence of species that 

thrive in open areas and weedy vegetation (Raman 2006). The dense thickets within 

forest fragments of the degraded areas with more light and warmth due to the canopy 

openness, may allow for the persistence of species which have adapted to changes in 

these environments (Raman 2006). This was observed in the degraded forests.  

Individual bird species I studied differed in their responses and susceptibility to habitat 

change.  Canopy species were well adapted to the new canopy and other species 



associated with large gaps, edges, dense secondary growth and early successional stages, 

were easily favoured by logging operations. Frugivores (giant forest honeyeater and 

masked shinning parrot) foraged more in the degraded forest. It can be deduced that 

habitat selection was the major determinant of vulnerability to logging. However, the 

number of birds observed and recorded in the logged forest indicated tolerance to such 

disturbances. Various studies on frugivores, nectarivores and insectivorous birds have 

established their significance in the dynamics of diverse natural and man-made habitats 

(Stiles 1985; Proctor et al. 1996; Mols & Visser 2002).  

For sensitive forest species, the internal habitat patch quality is a highly significant 

determinant of species richness (Lees & Peres 2006). Although the benefit to rainforest 

birds of high quality habitat is easily understood, the factors inhibiting forest birds in 

degraded areas are not directly apparent. Possible explanations may include adaptations 

of birds to disturbed habitats, wide distributions of food resources or the paucity of 

adjoining non-degraded forests that can act as source pools for open forest birds. Among 

the many variables that may influence bird community structure in the degraded site I 

studied, habitat structure and possibly, tree species composition appear to have a 

particularly strong influence.  

The ability of the ten species I studied to adapt to such disturbances may mean that these 

birds aren’t fussy when it comes to habitat preferences. The time lag in the distribution of 

avifauna following habitat disturbance may depend on the turnover rates of sub-

populations (Opdam et al. 1995) making species adapt to environmental changes. 



However, it should be noted that these outcomes may not be representative of large areas 

of degraded forests far from recolonisation sources and that the effects of repeated timber 

harvest and anthropogenic disturbances on Fiji’s rainforest over variable time intervals 

remain unknown. The rapid recovery of bird community maybe attributed to increasing 

fallow age, closely paralleled with forest vegetation changes suggesting that the bird 

community in the Nakobalevu and Savura areas were tracking forest recovery. An 

additional factor is that my chosen species are known to adapt well to disturbance and it 

may also be the reason for observing the patterns in the degraded forest.  

4.1.3 Effects of stratum 

Due to the loss of microhabitats and influx of invasive competitors and predators, forest 

fragments decline significantly overtime (Sodhi et al. 2005; 2006). Birds have distinctive 

habitat requirements and many species select specific habitats (Kelly 2001). In the 

present study, the thin canopy and straight tall trunks of trees in the degraded forests 

provided light and space for the development of shrubs and ground vegetation. These 

attract a variety of bird species that utilize the different vegetational strata (Peh et al. 

2006) and could explain why the degraded forest recorded more birds compared to the 

non-degraded forest. 

All canopy species (giant forest honeyeater, barking pigeon, masked shinning parrot and 

Polynesian triller) were observed more in the canopy in both habitats (Figure 4 & 5). 

Watling (2001) stated that these species are restricted to the large contiguous areas of the 

mature forests where they are found in the canopy. Primarily, these birds feed in the 



canopy of mature forests and well-wooded areas where there is an abundance of fruits 

(Watling 2001). There was a wide range of fruiting and flowering trees in the degraded 

sites and most bird species were recorded on these trees. The barking pigeon was not at 

anytime observed in the sub-canopy of the degraded forest.  

Fewer forest bird species tend to utilize food sources that are located further away from 

their forest habitats (Luck & Daily 2003) but will be observed more in adjacent habitats 

where there is an abundance of fruiting trees. Only the collared lory recorded a higher 

abundance in the degraded forest canopy foraging among flowers. Its high presence in the 

degraded forest is directly correlated with the abundance of flowering trees. During my 

survey in the degraded habitat, the collared lory was recorded more on the African tulip 

(Spathodea campulata), an invasive plant common in degraded areas and on a few 

occassions, also seen on coconut trees. These outcomes are consistent with the ecology of 

these species as indicated by earlier avian studies (Clunie 1984; Watling 2001; 

Swinnerton & Maljkovic 2002).  

Insectivorous birds are found to be most vulnerable to habitat disturbance (Johns 1991; 

Canaday 1997; Raman & Sukumar 2002; Sekercioglu et al. 2002) as they require specific 

canopy architectures and micro-climatic conditions which are available only in a natural 

forest patch (Shahabuddin & Kumar 2006). The slaty monarch and streaked fantail were 

more common in the sub-canopy of the non-degraded forest where they actively gleaned 

tree trunks, bark and occasionally observed ascending to the canopy in pursuit of insects. 



Other species like the blue crested broadbill and scarlet robin were densely populated in 

the subcanopy where the latter was only recorded in the degraded forest.  

The association of these insectivorous birds with the non-degraded forest of Nakobalevu 

and Savura indicates that understorey species are likely to be more common in mature 

intact forests. The changes in habitat composition I observed in the degraded areas, 

directly affected the persistence of these forest birds. The use of shrubs as a preferred 

stratum by forest birds in the degraded forest underlines the importance of preserving 

recovering flora in degraded habitats. 

I found strong associations between forest strata and bird occurrence. This is consistent 

with various studies which indicated that forest cover and forest configurations are 

excellent predictors of bird species presence (Villard et al. 1999; Peh et al. 2006). Bird 

species may differ whether they are more strongly influenced by local environmental 

variation or by habitat variability at the landscape level (Pearson 1993) and the effects of 

habitat type distribution can vary among functional groups. 

The use of vegetation strata by forest birds did not differ between the habitats I studied. 

Each bird species was observed in a different stratum only when it was foraging and this 

was more common for insectivorous species.  



4.1.4 Bird activity patterns 

Bird activity patterns refer to the first observed activity and this differed between 

habitats. My analysis showed that movement was the predominant behaviour of forest 

bird species in the degraded and non-degraded forest. Generally, bird activity was more 

visible in the degraded forest. This habitat was used more for foraging where all except 

the barking pigeon were observed to be feeding.  

Together with degraded habitat, which was used more frequently for perching, moving 

and foraging, both habitats acted as corridors which increased the connectivity allowing 

forest species persistant in both areas. Habitat structure changes can also cause some 

birds to adjust their foraging heights and capture rates according to different 

environmental conditions (Pearson 1971, 1977; Remsen & Good 1996) where the overall 

foraging habits may affect a species’ ability to persist in an altered habitat (Sodhi et al. 

2004).  

I found that the behaviour of my ten study species varied according to time of the day. 

Most bird activity was observed in the early hours of the morning when temperatures 

were cool. The canopy species were seen to be inactive during the rest of the day as most 

were observed to be either preening or perched on tree tops. This is related to their 

behaviour of conserving energy during hot parts of the day. The understorey birds 

however, were active throughout where they were either foraging or flying around in a 

mixed species flock. 



Most birds were recorded along riverine vegetation where there was an abundance of 

fruiting and flowering trees. Canopy bird species were seen feeding on Pandanus spp., a 

few palm trees (Veitchia spp.), Myristica spp., and a few other fruiting trees. The activity 

of a few canopy species was higher in the non-degraded forest but was slightly low in the 

degraded forest. The foraging patterns of the masked shinning parrot, polynesian triller 

and giant forest honeyeater varied slightly between habitats. 

Specialized frugivores are considered to be reasonably habitat tolerant occurring in forest 

edges, secondary forest, in some cases forest edges and abandoned gardens (Frith & 

Beehler 1998). The persistence of frugivores in the degraded forests indicate that forest 

quality or successional status may be less important than patch size to limiting the 

distribution of these species. In turn, the persistence of large frugivores like the giant 

forest honeyeater and masked shinning parrot in degraded areas may result from their 

proximity to continuous forests or the presence of remnant trees. Frugivores pursue food 

resources at a greater spatial scale and with higher temporal variability than other species 

and thus, may not be well captured with short-term intensive survey work. 

Insectivorous birds on the other hand had increased foraging frequency in the degraded 

forest. This might indicate that there was an abundance of insects amongst vegetation 

stands of the degraded forest. The abundance of bark surface feeders is usually positively 

related to the availability of foraging substrates (trees) and presumably abundance of food 

resources (Raman et al. 1998).  



Forest change is believed to encourage insectivorous birds (Vetas 1997; Huertas & Diaz 

2001) as changes in the forest mosaics creates areas of dense understorey vegetation, 

breaking up the canopy and producing more edges or a variety of micro-habitats. The 

change in foliage and forest stature during succession is likely to have attracted 

colonization by insectivores. As was evident from field observations, there was a large 

number of dead standing trees amongst logging gaps which I believe supported a greater 

variety of insects. This provided for readily available food sources to the forest gleaning 

birds.  

Foliage-gleaning and ant-following insectivores are sensitive to the isolation of forest 

fragments (Bierregaard & Lovejoy 1989) and to human impacts (Johns 1988; 1991; 

Canaday 1996). Flowering and fruiting trees have been known to also benefit from gaps 

created by disturbance (Mason & Thiollay 2001) which in turn, positively affects 

nectarivores and frugivores. The activity of the Fiji bush warbler was not recorded as it 

was rarely seen. Previous studies (Watling 2001) indicated that this species is rarely seen 

in sustained flight but usually glimpsed darting to the ground between stands of dense 

vegetation. Future studies should focus on assessing the activity patterns of this species.  

Nesting behaviour was observed in only one forest species (scarlet robin) during my 

survey in the logged forest in Nakobalevu. A streaked fantail nest with two eggs was seen 

in the non-degraded forest of Savura. Studies conducted previously (Naikatini 2003), 

indicated that breeding activities peaked from August to December. However, in some 



situations, habitat loss may disrupt mating behaviours making forest birds particularly 

vulnerable to predation (Stouffer & Bierregaard 1995; Sekercioglu et al. 2002).  

Clearly, the effects of anthropogenic disturbances on these bird communities depend on 

the intensity of disturbance in forest areas. As little is known about the availability of 

food and the nesting behaviour of birds in these habitats, more research is needed to 

monitor long-term population viability and to understand the phenology and reproductive 

success of forest birds found in these habitats.  

4.2 Community richness 

My analysis using Sorensen (Bray – Curtis) index indicated that there was low species 

similarity between the sites I had surveyed. While bird species is known to be closely 

associated with the environment, my findings give no indication on similar patterns 

between each of the treatments I had studied. Although in close proximity of each other, 

vegetation composition could have varied greatly. Such patterns may be attributed to the 

different topographical features in each site which give rise to vegetational variation as 

species present will be tolerant of such features. The total of all species recorded in each 

treatment was used to determine the similarity index in each of the treatments.  

4.3 Vegetation structure 

Rainforest vegetation is vulnerable to disturbance (Lawrence 1976), which can cause 

rarity or even species extinction in extreme circumstances. The change in vegetation 

structure between the degraded and non-degraded forests was considerable. Logging 



operations usually target mature native trees but the logging processes leave behind a tail 

of damage on considerable vegetation especially on the seedlings and saplings.  

4.3.1 Degraded forest 

The degraded forest however was humid, open and comprised mainly of a few canopy 

trees, dense vine and ground vegetation. Although vegetation disturbance is known to 

adversely affect forest bird species, my survey indicated a higher density of birds in the 

degraded habitat than non-degraded. Disturbance may have resulted in a greater 

distribution of forest birds due to the creation of habitat patches which supported 

different bird assemblages. Bird habitat relationships similar to those found in the present 

study have been identified across tropical zones (Sekercioglu 2002). Tree species 

preferences observed in some bird species may be linked to species-specific foraging 

abilities. 

Selective logging in Nakobalevu created gaps where collateral damage to saplings and 

shrubs was evident. Gaps created by logging are often larger than natural gaps and 

clearings for roads further increase canopy loss in tropical rainforests (Uhl & Guimaraes 

1989). As a result, more light will reach the forest floor of logged forests creating hotter 

conditions (Endler 1993) and eventually will give rise to a dense thicket of understorey 

vegetation. This was evident in the logged forest of Nakobalevu and along disturbed 

areas in Savura. 



Non-commercial practices like traditional logging might have taken place in the disturbed 

habitats where the occasional removal of trees for household construction and firewood 

collection was carried out on small scales. The presence of plantations and gardens close 

to the disturbed sites was observed in both Nakobalevu and Savura. It was noted that 

there was a dense coverage of African tulip and ornamental ginger in the disturbed 

habitats where flocks of collared lory were observed feeding among flowers.  

Raman et al. (1998) stated that a similarity in bird community composition may be 

observed in degraded sites which have similar floristic characteristics to intact forests. 

This suggests that forest birds may readily colonize habitats with structural and floristic 

characteristics that are approaching primary forest conditions in order to regain the pre-

disturbance composition over time. 

Tropical lowland rainforests are currently facing an unprecedented destruction by human 

activities. Currently, human land use practices such as logging and agriculture are 

believed to be responsible for the change in avian assemblages in Fiji’s rainforests. This 

habitat loss and disturbance has resulted in the extirpation of many lowland rainforest 

species. However, some studies (Hughes et al. 2002; Sodhi et al. 2005) stated that 

degraded habitats and landscapes can in some cases serve as surrogate habitats for some 

of the forest biota. If forests are allowed to regenerate in heavily disturbed areas, they 

might act as good refugees for forest species (Castellata et al. 2005). However positive 

this may be, natural habitats should still be protected to ensure the survival of forest bird 

species. 



Vegetation remnants in the degraded areas I surveyed connect bigger forest fragments 

and serve as important habitats. This enabled some mobile or habitat opportunist bird 

species to at least in the medium term, persist in these disturbed areas. If managed 

effectively, these remnants can provide many resident and migrant species with 

additional territories (Greenberg et al. 1997) and connect populations of more sedentary, 

specialised and forest restricted species (Sekercioglu et al. 2002). 

Studies elsewhere on the other hand have found some serious reductions in the 

abundance of species following forest alteration. Thiollay (1995) found that over half of 

the forest birds in Sumatra, Indonesia, disappeared due to habitat change. Although this 

does not seem to be the case in my study area, it does not necessarily imply that the 

avifauna of the lowland tropical rainforest in Fiji is tolerant of such habitat change. 

Within my study area, a non-degraded forest is adjacent to the disturbed sites and this has 

helped forest birds survive. These sites are also likely to benefit from the movements of 

birds in neighbouring upland forests which include the Sovi Basin IBA (FJ09) and the 

Viti Levu Southern highlands IBA (FJ10). Such a mosaic of available habitat in the Viti 

Levu southern highlands may benefit some species or at least allow them to persist 

temporarily at high densities. 

4.3.2 Non-degraded forest 

The non-degraded forest was relatively cool, dark and had a high plant species 

composition. It was characterized by tall emergents where huge trees were abundant on 



ridges. Common tree species included Palaquium spp., Myristica spp, Calophylum spp., 

Agathis spp., Heriteria spp., Endospermum spp. The slopes and riverine vegetation were 

mainly dominated by wild ginger, Pandanus spp. and Atuna racemosa. Tree ferns 

dominated slopes where they appear to be more common in Fiji’s lowland rainforest 

(Tuiwawa 1999).  

Flowering and fruiting trees were distributed across valleys and mountain tops where 

most birds, especially barking pigeon, masked shinning parrot, giant forest honeyeater 

and Polynesian triller were observed to be foraging among flowers and fruits. Although 

protected, this forest consists of tracks indicating human access probably for gathering 

wild crops and hunting. Apart from this, a small degree of vegetation damage was 

observed along ridges where electricity towers are located. This probably stems from the 

clearing of trees to replace old electricity wires.

Small scale natural disturbance caused by tree falls was evident in some plots probably 

due to strong winds. Together with agricultural practices in the adjacent plots, such land-

use activities alter the relative abundances of natural habitats and may result in the 

establishment of new land-cover types (Drapeau et al. 2000). This will increase the 

variety of species as it provides a greater diversity of habitats. Native species on the other 

hand, will have less area available as natural habitats are reduced.  

Although the protection of extensive natural vegetation is essential for the preservation of 

major elements of biodiversity (McKinney 2002), in particular habitat specialists with 



limited mobility (Sekercioglu et al. 2004; 2002), protected areas alone are not adequate in 

the face of humanity’s growing demands. More emphasis needs to be placed on 

conserving natural forests as this is the only home known to forest bird species. 



Scope, Limitations and Recommendations for future research 

My field survey used standardised avian survey methods to record the ten forest bird 

species I studied. However, some limitations may have hindered my work and this is a 

food for thought in considering improvements for future avian investigations. 

• Avian ecological data. The occurrence of my ten study species was used to 

investigate the associations of forest birds with habitats in degraded and non-

degraded areas. Although measures of bird occurences may not necessarily reflect 

habitat suitability (Hutto 1998), an easier way to evaluate this involves 

understanding bird ecology. The availability of a wide range of information on 

avian ecology greatly assisted my work. A limiting factor however was the lack of 

detailed information on bird habitat associations. This is perhaps a point to 

consider in future research and my work partially contributed to this. 

• Analysis scale and time frame. My study could have been strengthened with the 

use of more scales of analysis. More replicates and plots are needed to provide 

more detailed data on bird habitat relationships. Quantitative habitat measures, the 

use of more replicates and more independent sites is essential. An adequate 

timeline is also necessary to properly understand and evaluate the Fijian avian 

responses to disturbance. 

• Temporal scales. Avian ecological studies over long terms are required due to 

fluctuations in the occurrence and abundance of forest birds (Thompson et al. 

1995 & Schiek et al. 2000). Studies on the effects of logging practices on the 



ecology and distribution of birds in all seasons (breeding & non-breeding) are also 

needed. It is reasonable to consider that factors other than logging practices affect 

the distribution of forest birds. This specifically refers to agricultural practices as 

large scale agriculture is rapidly encroaching into native forests in Fiji. The 

continuous assessment of avian ecology over time contributes to an understanding 

of natural temporal variability (Kelly 2001). Moreover, from a conservation 

perspective, longer term data are required to accurately compare the recovery rate 

of forest birds and assess the long-term sustainability of disturbances in the 

lowland rainforests in Fiji. 

• Species persistence. The presence of species in an area does not necessarily mean 

that such areas are suitable for its long-term persistence (O’Brien et al. 2003) 

particularly as my study focused on forests that were near source populations in 

primary forests. More detailed studies are needed to fully understand the effects 

of logging and species persistence in different habitats. 

• Experimental design. My general observations on habitat features provide no 

robust evidence of the relationship between forest birds and habitats. Future work 

could focus on collecting both bird and vegetation data as this gives a clear 

understanding of bird habitat relationships. Given the high rate of habitat 

alteration on Fiji’s lowland rainforests, it is ideal to have a good understanding on 

habitat features which aid and enhance the survival of forest birds. Other data on 

insect abundance, flowering and fruiting time of plants are also necessary. 



Interpretation of results in the future will be greatly enhanced by the collection of 

a number of forest structure variables such as basal area, canopy cover and 

understorey vegetation density. 



Management Implications 

Generally, the high presence of individuals in both habitats indicated that these forest bird 

species respond flexibly to vegetation composition and forest structural changes. Birds 

are known to respond distinctively to habitat changes according to the differences in their 

habitat requirements and the scales to which they interact with the environment (Berg 

1997 & Riiters et al. 1996). In addition, the persistence of birds in complex landscapes 

relates to species specific characteristics both morphological and behavioural that allow 

adaptation of species to land changes at different rates (Villard et al. 1993; King et al. 

1997). 

Determining the relative severity of anthropogenic influences in tropical forest is an 

important step if conservation action is to be effectively implemented. Given the current 

rate of human disturbances on the Fijian rainforests, the long term preservation of 

biodiversity should be a primary objective. Forest birds such as the ones in my study are 

normally known to be more constrained in their ability to cope with habitat 

fragmentation. 

Intensive and continuous habitat alteration practices may not only lead to fragmentation 

but habitat loss for birds as well. Therefore, forest birds are forced into habitat remanants 

or to travel greater distances in search for suitable habitats. To date, logging has been 

known to threaten forest bird survival (Masibalavu & Dutson 2006; Watling 2001). 

Regardless of the approach to minimise logging practices, critical bird habitats are still 

threatened on a large scale. 



Because the ultimate goal in avian conservation is to preserve viable populations of bird 

species in high quality habitats, I propose the following management strategies: 

• Monitoring indicator species – Indicator species need to be identified and 

monitoring will provide key information on changes in population dynamics. It is 

a preliminary way of searching for patterns that can be verified in further field 

studies (DeSante & Rosenberg 1998). As bird species are affected by 

environmental changes in different areas, conservationists would be able to better 

assess ecosystem integrity by monitoring indicator species. The great sensitivity 

of birds to forest disturbances, illustrates that birds could be used as fine filters to 

account for the preservation of other forest wildlife. Declines in populations, 

reproduction and overall fitness of indicator species can be detected from 

assessing the status of forest habitat quality. My study species could be used as 

indicators of environmental changes. For instance the masked shinning parrot is 

known to be an excellent indicator of altitudinal habitat changes. The use of 

indicator species may also be effective because: 1) they play a key role in 

maintaining the balance of environmental functions, 2) their ecological responses 

are representative of other species within the same habitat or community. 

• Maintaining a complex natural ecosystem – in areas of logging, this can be 

reached through sustainable logging practices. This has proven successful with 

the Nakavu community in the Namosi Province with technical assistance and 

support from the German Technical Commission (GTZ). In the disturbed habitats 

that I studied, I recommend for an assessment of logging practices. I recorded a 



high number of birds in these habitats, and this suggests the potential of such 

habitats to support bird populations. Mahogany plantations are extending on a 

large scale and it will be wise to prevent the spread of such introduced species to 

native forests. Such management approaches are more likely to preserve habitats 

of birds associated with mature forests and recreate the natural composition of 

structural stands. The entire composition and complexity of a good forest makes it 

possible for forest birds to thrive. Thus, understanding the complex and variable 

nature of the forest ecosystem is essential for ecosystem management. More 

community awareness is also needed and it will be ideal if forest rehabilitation 

work is community driven. 

• Ensuring sufficient suitable habitats in degraded landscapes – as forestry 

practices continue, management strategies should be aware of the amount of 

suitable habitats within forest fragments. An intrinsic property of natural 

landscapes and selectively degraded areas is the presence of edges which often 

display a higher biodiversity due to the presence of a variety of forest 

components. In the logged forest of Nakobalevu, most forest birds were recorded 

along forest edges and this suggests a positive response of forest birds to 

resources available along boundaries. Studies (McCollin 1998; Desrochers & 

Fortin 2000) have indicated that birds visit edges to forage since food resources 

e.g. arthropods are more abundant near edges. The suitability of edges as bird 

habitats is likely to depend on the strong influence of the forest interior. 

Therefore, the influence of forest edges on birds will be positive as long as the 



forest interior is large enough to compensate for the negative effects of edges e.g. 

predation (Yahner 1996). I recommend for regular monitoring and analysis of 

both degraded and non-degraded forests. 



Conclusion 

I sampled ten forest bird species in a protected and disturbed forest within 7 months. My 

findings indicated that bird communities varied between the degraded and non-degraded 

forests. I did not find significant differences between the numbers of my ten study 

species. My point-count surveys on the behaviour of ten forest bird species indicated that 

activity pattern was higher and stronger in the degraded forest. Bird activity was high in 

the morning although understorey birds were active throughout the day.   

There was slight variation in the relationship between birds and forest components. I 

found that there was not much difference in the association of different birds with tree 

species in both habitats. However, a few birds were found only in one forest type and not 

in the other. Canopy dwelling species were not significantly similar between the two 

treatments. The understorey species used both habitats, but were more common in one 

than the other. Overall, interior habitat use was similar in both forest types. Large gaps 

and reduced vegetation composition was a common feature of the degraded habitat. 

This research provides some ecological basis on the differences of bird sensitivity to 

habitat alteration caused by logging and small-scale disturbances. In areas where forests 

are allowed to recover, a few differences in bird populations may be observed. Based on 

the significant spatial associations of birds to the forest features, the response patterns I 

found for the ten species may be generalized to bigger communities of birds of 

conservation concern. With reference to the prompt reaction of birds to habitat 



disturbance, it is difficult to identify forest indicators as Fiji’s birds have adapted to forest 

changes. 
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Appendix 1: Study Species   

  

Barking pigeon (Ducula latrans).                           Collared lory (Phigys solitarius). 

Photo: Tom Tarrant                                                     Photo: Tom Tarrant 

Giant forest honeyeater (Gymnomyza viridis).            Masked shinning parrot (Prosopeia 

Photo: Birdlife Pacific                                                personata). Photo: Tom Tarrant  



   

Polynesian triller (Lalage maculosa)                Slaty monarch (Mayrornis lessoni) 

Photo: Tom Tarrant                                           Photo: Tom Tarrant 

Fiji Bush warbler (Cettia ruficapilla)                               Streaked fantail (Rhipidura  

       Photo: Birdlife Fiji Program                                       spilodera).  Photo: Tom Tarrant

  

Scarlet robin (Petroica multicolor)                        Blue crested broadbill (Myiagra 

          Photo: Tom Tarrant                                             azureocapilla). Photo: Tom Tarrant 



Appendix: 2 

Bird Survey Datasheet  

Recorder: ____________    Date:__________   Forest type: ___________________ 

Start time: ____________   End time:___________   Station/Point:_____________ 

Comment’s about site:__________________________________________________  

Point Bird sp. 10sec 20sec 30sec Habitat Activity 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

            Habitats codes:                                                    Activity codes: 
           Canopy  - C                                                           Foraging - F 

Middle  -  M                                                          Nesting   - N 
Shrub - S                                                               Perching  - P 
Ground -  G                                                           Moving  - M 

Bird Species 
Barking pigeon               BP                             Fiji bush warbler          FBW
Giant forest honeyeater  GFH                          Slaty monarch              SM
Masked shinning parrot  MSP                          Scarlet robin                 SR
Collared lory                   CL                             Streaked fantail            SF
Polynesian triller             PT                              Blue crested broadbill BCB



Appendix 3: Maps of survey sites 

Map 1: Nakobalevu degraded forest - plots 1 & 2  

Survey points 



Map 2: Nakobalevu degraded forest – plots 3 & 4 
      

Survey points 



Map 3: Nakobalevu non degraded forest 

Survey points 



Map 4: Savura non-degraded forest 

Survey points 



Map 5: Savura degraded forest 

Survey points 



Appendix 4:  

4.1 Rainfall data 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

125.2 330.3 566 538.4 191.3 46.7 241.1 78 262.5 389 470.7 254.3

2007 Rainfall Data -Laucala Bay, Suva (Latitude 18.08S, Longitude 178.27E). 

Source: Fiji Meteorological Office, Nadi, Fiji. 

4.2 Community richness analysis 

ND NP SD SP 

ND    

NP 0.8889   

SD 0.9474 0.9412  

SP 0.9474 0.9412 0.8889 

Values obtained using Sorensen - (Bray-Curtis) to compare sites. ND (Nakobalevu 

degraded), NP (Nakobalevu pristine), SD(Savura degraded) and SP(Savura pristine).    


