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MODEL PEMILIHAN LOKASI SARANG DAN TABURAN
BURUNG LANG PUTIH Haliaeetus leucogaster MENGGUNAKAN
SISTEM MAKLUMAT GEOGRAFI

ABSTRAK

Burung Lang PutihHaliaeetus leucogaster) adalah spesies burung pemangsa
terbesar di Pulau Pinang dan juga di Malaysia. iésa dilihat terbang di kawasan
pesisiran pantai Taman Negara Pulau Pinang. Talspasies ini tersebar di seluruh
Pulau Pinang tetapi dengan bilangan yang tinggirainan Negara Pulau Pinang,
daripada segi bilangan sarang dan kepadatan papDIggektif utama kajian ini adalah
untuk membina model ramalan taburan dan pemetabitabhgang berpotensi dan
sesuai bagi spesies di kawasan kajian berdasamkalisia pemilihan tapak sarang.
Sejumlah 34 sarang telah ditemui dalam tinjauarg y@ijalankan dari Disember 2007
hingga April 2009 di kawasan hutan pantai Tamanaxedgulau Pinang dan digunakan
dalam analisis pemilihan tapak sarang dengan medigian habitat dipilih dengan
habitat tersedia menggunakan analisis ujiafiujuh ciri atau pembolehubah habitat
dipilih untuk dianalisis, iaitu altitud, kecerunarjentasi cerun, kepadatan kontur, jarak
dari jalan, jarak dari bangunan dan jarak dari Bembolehubah altitud, kecerunan,
jarak dari jalan dan jarak dari air memberikan kapan yang signifikanPR( < 0.05).
Maklumat daripada analisis pemilihan tapak saraggrdikan untuk membina model
ramalan taburan bagi spesies. Tiga belas sarangatean yang ditemui digunakan
untuk menilai ketepatan model dan memberi ketep&@2% dan juga memberi
keputusan yang memuaskan apabila dibandingkan deitgarawak. Maklumat dari
kajian ini adalah sangat bernilai dan penting b@gigurusan dan konservasi spesis

tersebut pada masa hadapan.



NEST-SITE SELECTION AND DISTRIBUTION MODEL OF
THE WHITE-BELLIED SEA-EAGLE Haliaeetusleucogaster USING
GEOGRAPHIC INFORMATION SYSTEM

ABSTRACT

The White-bellied Sea-EagleH#éliaeetus leucogaster) is the largest raptor
species in Penang as well as in Malaysia and igraotty sighted in coastal and near
coastal of Penanng National Park. The speciesilditin is island-wide but with a
high concentration in Penang National Park, in seoh nesting sites and population
density. The main aim of this study is to develoe predictive distribution model and
map the potential and suitable nesting habitatHerspecies in the study area based on
nest-site selection analysis. A total of 34 nessitgs have been located during the
survey on December 2007 to April 2009 in coaste¢$bof Penang National Park and
therefore used in nest-site selection analysis dgparing the selected and available
habitat using-test analysis. Seven habitat features or variakégs chosen for analysis;
elevation, slope, aspect, ruggedness index, distemcoad, distance to building and
distance to water. Variables of elevation, slopstatice to road and distance to water
showed significance resulP (< 0.05). The information from the nest-site setett
analysis was used to build the predictive distidoutmodel for the species. Thirteen
independent nests located at evaluation area ws=é for model validation and give
30.2% accuracy and showed satisfactory result vissted against random points. The
information and results from this study is highlglyvable and crucial for future

management and conservation of the species.



Chapter 1

Introduction

1.1 Research background

As natural habitats worldwide are being destrogedonverted to other uses,
species supported by those habitats are inevitivgatened (Groombridge, 2002).
Habitat destruction is a main factor for a spegegulation to decline, eventually
leading to it being endangered, or even to itsnekbn (Kajiyamahe, 2008). According
to Vanreusel & Van Dyck (2007) habitat destructiakes several forms: complete loss
of areas used by species; degradation, i.e. frogetadon removal and erosion; and
fragmentation, when species are constricted ontallgpatches of undisturbed land
surrounded by areas cleared for agriculture anergitirposes.

The changes in habitat can be natural or humarteckl Human related activities
are the crucial factor in rapid habitat loss whantributing to global biodiversity
losses and are among the greatest challengesatwatife world.

The conservation of wildlife and biodiversity hasen the major concern since
decades ago. Since the United Nations Summit Cemder at Rio de Janeiro in 1992
that resulted in agreement by world governmentdesadn a Biodiversity Convention
for species and habitat protection and an agendaustainable development, many
countries as well as Malaysia have signed andfiexttihe Convention on Biological
Diversity (CBD) ensuring their commitment to prdtéite biodiversity as well as their

environment.



The rapid development and advance of technolaggpscially in computers and
associated software during the last thirty yeasslad to the expansion and emergence
of Geographical Information Systems (GIS). Coupleith statistical analysis and
ecological modelling approach, GIS can provide ifiggmtly increased opportunities
for species management and show considerate prdonisgtensive use in ecology and
nature conservation. The recent study used Glpdbadly model the potential nesting
habitat and predict the distribution of the WhitdHed Sea-Eagle in Penang Island in

relation to environmental predictors and otherdexsuch as human activities.

1.2 White-bellied Sea-Eagle ecology and conservatio

The White-bellied Sea-Eagleléliaeetus leucogaster; Greekhals, the seaaetos,
an eagleleukos, white, andgaster, the belly) (Mason & Jarvis, 1989) and also known
as the White-bellied Fish-Eagle or White-breasted-Eagle, is a large bird of prey in
the family Accipitridae which also includes manyet diurnal raptors such as kites,
buzzards, and harriers. A traditional Malay name the H. leucogaster is Burung
Hamba Sput (‘slave of the shellfish’). Its role was to screamnwarn the shellfish on
the shore of changes in the tide so that they kwben to take shelter or when it was
safe to emerge to hunt for food (Yong, 1998). (uitye the species is commonly
known asLang Sput or Lang Putih. It is the largest raptor in Malaysia (Jeyarajgam
& Pearson, 1999).

This large eagle is very distinctive. The aduls hite head, breast underwing
coverts and tail. The upperparts are grey and thekbunderwing flight feathers

contrast with the white coverts. The tail is shemmtl wedge-shaped as in Hihliaeetus



species (del Hoyet al., 1998). In flight the black flight feathers orettvings are easily
seen when the bird is viewed from below. The lahgmked bill is grey with a darker
tip, and the eye is dark brown or hazel. The bags land feet are cream-white and
heavily scaled as armor, with long black talona\d) (Fig. 1.1). The sexes are similar,
but in body size displays reversed sexual dimorphigth female significantly larger
(Shephard, 2003). Males are around 75 cm in heagidt are slightly smaller than
females that are up to 85 cm in height. The weight®emales are 2,800 g and males
are about 2,475 to 2,800 g. The wingspan is abautghd the eagles can fly up to 50
km/h. The young White-bellied Sea-Eagles are mibl@le brown when juveniles then
gradually come to resemble adults, acquiring threptete adult plumage by their fourth
of fifth year (Fig. 1.2). They differ from the falos in having generally blunter, more
rounded wings and paler eyes (yellow or red) (Mackin, 1988).

White-bellied Sea-Eagles are not actually true e=sagt they do not have
feathered legs, but tend more to giant kites. Tdhdte may be confused with smaller
Osprey and the juveniles can be confused with Weaited Eagle (Fig. 1.3). Its closest
relative is the little-known Sanford's Sea-eaglehaf Solomon Islands. These form a
species pair, and as usual in sea eagle species paiopposed to the dark-headed
Sanford's, the White-bellied Sea-eagle has a wiagel. Talons, bill, and eyes are dark
as in all Gondwanan sea eagles. This species paiahevery age at least some dark
coloration in its tail, though this may not alwalge clearly visible in this species.
Although they differ much in appearance and ecaqltiggir ancestors diverged less than

one million years ago (Winét al., 1996).



Figure 1.1 Adult morphology of the Whi-bellied Se-Eagle (Image source
Australian Birdlife Photo Library, 2009).

Figure 1.z Juvenile morphology of the We-bellied Se-Eagle (Image source
Australian Birdlife Photo Library, 2009).



Adult sea-eagle

Adult wedge-tailed eagle

Figure 1.2 Comparisons of Whi-bellied Se-Eagle with confusion species (Adap
from Parks & Wildlife Service Tasmania).



White-bellied Sea-Eagle is native in New Guine&jn@, through all coastal
countries of mainland Southeast Asia (Thailand, aysik, Singapore, Indonesia and
Philippines), Australia and India. In addition,gtspecies is also found in other island
groups from Bangladesh, Sri Lanka, Burma, Andamzems, Ceylon, Wallacea,
Bismark Archipelago, Nicobars and Greater Sundawest to Hainan, Taiwan, New
Ireland, New Britain and Louisiades in east, soatbund Australia to Tasmania
(Strange, 2000; Ferguson-Lessl., 2001) (Fig. 1.4).

White-bellied Sea-Eagles can be found mainly @ gba coasts, large rivers,
inland freshwater swamps, settled mining pools,emasrs, and open country
(Ferguson-Leest al., 2001). This magnificent eagles are a commort sigboastal and
near coastal areas soaring slowly on thermals,ifglitheir wings in a V-shape (other
raptors hold them horizontally) or perched highadnee.

The species is mostly recorded in coastal lowlahds can occupy habitats up
to 1400 m above sea level on the Northern Tablslamdi up to 800 m above sea level
in Tasmania and South Australia (Marchant & Higgit995). Breeding has been
recorded on the coast, at inland sites, and orhafésislands (Marchant & Higgins,
1995). Breeding territories are located close ttewand mainly in tall open forest or
woodland (Emison & Bilney, 1982; Marchant & Higgiri®95), although nests are also
sometimes located in other habitats such as demsstf(including rainforest), closed
scrub or in remnant trees on cleared land (Emis@il8ey, 1982).

White-bellied Sea-Eagles are sedentary and domigriate, but immatures and
unpaired adults may wander over a large area (Bav,01944). Immatures are likely to

be excluded from the core breeding territories aiflts (Smales, 2005). Mated pairs



Figure 1.4 Global range distribution of the Wh-bellied Se-Eagle designated as red
(Adapted from Ferguson-Leesatt, 2001).

tend to stay near their nesting site (Strange, R0O8Dite-bellied Sea-Eagles appear to
form permanent pair for life. Pairs may performiaedisplays which include locking
talons and tumbling together through the air to aheompaniment of loud goose-like
honking — they indulge in spectacular courtshipldig (Greval, 1993).

In choosing a nest site, this species go for heigfoosing the tallest objects
near coasts or other large bodies of water (eegervoirs) (Jeyarajasingam & Pearson,
1999; Strange, 2000). These include tall emergegstin mangroves, or along the
shores or sometimes on tall telecommunication m@sten); when a taller pylon is
built nearby, they often shift to the taller ondlely may also nest on islands, sometimes
on a small tree growing on a cliff face or on roahty§f or on rocky ledges where there

are less of ground predators (Marchant & Higgir@85).



The nests will serve as breeding, feeding, andpsig platforms and act as
territorial flags (Marchant & Higgins, 1995). Thest can be huge (1.5 m across and 2
m tall) and is made of sticks, lined with green etagjon. The nest can be located on a
tree up to 30m above the ground (Strange, 2000¢ Jdme nest is reused every
breeding season in succession and built up uriié¢omes a giant pile of sticks. If the
original pair does not return, another pair sodesaover the old nest (Herklots, 1954).
Usually, 2 bluish white eggs are laid in a nesedinwith green leaves, mainly for
hygiene. The female incubates while the male féedsand defends the nest from other
birds and intruders. Sometimes, the parents in $wooping down and return to feed
(Mason & Jarvis, 1989). The eggs take time up tel4@ays to hatch but usually the
first one that come out will kill the other egg$i€lnestling will live in the nest up to 95
days (about 3 months) and the fledgling are sépahdent on their parents to feed for
another few months. Once independent, mortalitygh but if the young eagles survive
to breed they might live for 30 years (Parks anddlW¥ Service Tasmania, 2003).
Breeding may not occur until the eagles are 6 yelar§Marchant & Higgins, 1995).

Adults are largely sedentary and defend an areabofit 3 km (the territory)
against other adults. A larger area, up to 156 {the home range), is used for hunting
but is not defended and is shared with other hgregles (Parks and Wildlife Service
Tasmania, 2003). It becomes smaller during thedimgeseasons (Shephard, 2003).
White-bellied Sea-Eagles do not appear to be hitgniytorial towards others of their
kind. They even usually build nest close to othénté/bellied Sea-Eagles.

They also make loud harsh cries near importantsdget a perch or nest. In the

breeding seasons (May — October), although thengrof breeding appears to vary with



latitude, occurring later further from the equatBiney & Emison, 1983), it becomes
noisy, frequently calling in a loud honking cry “ah ah ah”; in uttering this, the head is
extended with the open beak pointing skyward (Hebh®/1). These can be heard up to
1 km away, perhaps helping to space out the bindsa&oid confrontations.

The White-bellied Sea-Eagles is an opportunistdeeth wide range of mainly
on aquatic animals, such as fish, turtles, andss@#es, but it takes birds, crabs and
mammals as well. Many types of fish are eaten,udfinly porcupine fish which are
deadly to human. Quite often it may be seen to pagaon a large crab, rise to a height
of about a hundred feet, and then drop its victimodhe rock in order to break its shell
(Madoc, 1956; Tweedie, 1983). It is a skilled hungand will attack prey up to the size
of a swan. They may also feed on carrion such aspshnd fish along the waterline,
particularly for young, inexperienced eagles. Sagles forage alone, in pairs or in
family groups. Like other raptors, they have exadleyesight. To forage, they circle
on a thermal to gain height, then glide over wagerally low and within 1 km from the
shore. They catch their prey by skimming the wateface then snagging the prey in
their talons with a backward slash with both fetcasionally only one foot catches
hold of the prey. They rely on their talons to kilthe most important piece of hunting
equipment (Greval, 1993). If the food is not takemhe nest to feed the chicks, the prey
is held on one foot and eaten while on the wingyRs also taken to a perch or rock to
be eaten (Kumar, 2004).

The White-bellied Sea-Eagles is not so skillfuishér as the Osprey - they do
not plunge into the water like Osprey can do. Feedly, however it makes up for its

own lack of skill by robbing a more successful egpof a fish — chasing in until it



drops its prey (Henry, 1971). For the osprey, $iea eagle encroaches on its territory,
the smaller osprey will put up a fight to chasavitay, such aerial battles will at times
least some 15 minutes, being staged up to a kheisky (Chew, 1989).

Globally, this species has a large range, with stimated global extent of
occurrence of 1,000,000-10,000,000 kmz. It haggelglobal population estimated to
be 10,000-100,000 individuals (Ferguson-Letes., 2001). Because of this vast range,
sea eagle is presumably not at risk of extinctiothie near future. Global population
trends have not been quantified; there is evidesfca population decline, but the
species is not believed to approach the threstiotdfie population decline criterion of
the International Union for Conservation of NatyldCN) Red List (i.e., declining
more than 30% in ten years or three generationsll{{¢ International, 2002). For
these reasons, the species is evaluated as “Lease@”.

Although White-bellied Sea-Eagles appear quiterémie of humans and are
conspicuous, they are not present in large numibetiseir range, and their numbers
appear to be declining (Mohd Hifet al., 2006). They are threatened by habitat loss
which removes suitable nesting sites and preyiquéatly by land use development and
recreational activities, water pollution (the tormatter that eaten by the aquatic animals
will affect the eagles), local threats of shootamgl poisoning, tree felling and accidents
at fish farms (Bryant & Jackson, 1999). A numbestoidies have suggested that habitat
modification and destruction pose a significaneé#trto the White-bellied Sea-Eagles
through the removal of suitable nest trees (Emi&dilney, 1982; Bilney & Emison,
1983; Clunie, 1994). According to Herklots (1954¢ eagle’s eggs are valuable having

in the eyes of the Chinese remarkable medicingbgnt@es. This result in a regional



population decline which may lead to a reductiothm species overall genetic diversity

(Mohd Hifni et al., 2006).

1.2.1 White-bellied Sea-Eagle in Malaysia

The current status of White-bellied Sea-Eagle indylsia in term of numbers
and populations is still unknown. To date, thergehbeen no specific studies on the
species in Malaysia. The distribution of the spedie Malaysia is spread along the
coastal region of the Peninsular, Sabah and Sarawthkhigh population in Penang,
Pangkor Island and Pulau Langkawi (Kumar, pers.nqra008).

However, this species is listed in Appendix Il CHEthe Convention on
International Trade in Endangered Species of Wddrfa and Flora) Checklist, 1992
[10] (Appendix Il includes species not necessattigeatened with extinction, but in
which trade must be controlled in order to avoidiastion incompatible with their
survival). In Malaysia, this species is categorizesl “Totally Protected Wildbird”
(Schedule 111; Wildlife Conservation Act, 2010). Mad Hifni et al. (2006) reported that
habitat clearances driven by expanding human ptpuoldave reduced the population
numbers of this species in Malaysia. Although thgecies is not considered as
threatened, but if no early actions are taken taoseove their population, they could

soon be labeled as “Nationally Endangered”.



1.3 Problem statement and rationale

In order to address management and conservationtigs in any species it is
essential to have a better understanding of thdafimmental aspects of its biology and
ecology. For the White-bellied Sea-Eagles, regiaedl monitoring and surveys
programmes could have address some aspects ofdonakrn. However, a broader
approach is needed to gain an understanding of l&cple processes affecting
occurrence of White-bellied Sea-Eagles in the sarew.

Bird populations, including raptors, can be lirditey natural factors and human
impacts (Newton, 1979). Although the White-belli&ka-Eagle has large global
population with large geographic range sizes, theye been subject to loss of habitat
which constrained them in sub-optimal habitat vdémse human population. This loss
of habitat could contribute more to the declinghafir population.

Rare species present characteristics of vulnérabil extinction and are more
susceptible to habitat change (Sardbal., 2006). The survival of this species depends
on the conservation of the integrity of their habiand any other changes on their
habitat could lead to their extinction. In additibris not known to what extent human
activities in the study area can influence the tadluf the species. Hence, there is need
in mapping and regularly monitoring the White-bedliSea-Eagle habitat suitability.

Maps displaying the spatial configuration of pai@nsuitable habitat of the
White-bellied Sea-Eagle can be an aid to defineaitt®ons required to manage their
habitat appropriately. The development of Geogmplmformation Systems and

modelling approach can be more practical in theseceses, in terms of time as well as



cost, as they offer the possibilities of minimizifigld work and are easily updated as
new information becomes available.

Raptors as well as the White-bellied Sea-Eagle caresidered by some as
important biomonitors and hence, may provide anetstdnding of effects to other
wildlife species (Smith, 2003). Conversely, if avigredator populations fluctuate
widely, then they may have an impact on prey sgep@pulations. In addition to, the
management and conservation on the habitat of #iptor species can also give

significant advantages to other flora and faunziggenhat live inside it.

1.4 Research objectives

The present study applies a simple model throdgh use of Geographic
Information System techniques based on nest-digetgm analysis of the species in the
study area to identify and predict potential sugaatabitat for nesting and breeding of
the White-bellied Sea-Eagles. Broadly, the objedtiof this study are:

i.  to determine the distribution of nesting White-tezll Sea-Eagles in the coastal
dipterocarp forest of Penang National Park,
ii. to determine the nest-site selection of the egubeiss by calculating the nest-
site preferences,
li.  to predict the distribution of suitable nesting itatbfor the White-bellied Sea-

Eagles through the use of environmental and t@uiacal data,

iv. to develop a prediction model of species habitatrithution using GIS for

species conservation and management.



1.5 Thesis overview

This study consists of a series of methodologgrtmluce a model to predict the
distribution of suitable habitat of nesting sites the species in question starting from
preliminary survey of distribution of nesting seagkes in Penang National Park to
collect presence nest data, then assess the teesedection analysis of the species
using predictor variables significant to the spedie built prediction model and final
output map showing the distribution of potentiaitaile nesting sites in larger areas.
This modelling approach is appropriate for use deege spatial scales, and could
provide a means to quickly and efficiently assémsedxtent, distribution and status of
potential breeding habitat for the White-belliedaggagles. Later, it will help the
protection, conservation and management of thelespec

While in this chapter the author talks about teaegal background of the study
and some introduction on species in questions Eagives the research rationale and
objectives, Chapter 2 discuss the broader aspehbtsofesearch surveyed from previous
study and review from the existing literature.

Chapter 3 considers the distribution and abundariceesting White-bellied
Sea-Eagles in Penang National Park from prelimirsairyey conducted in early stage
of study. This chapter also describes the PenarigriNéd Park as the main study area.
The data from this chapter could provide a baselnd insight into the species
population and abundance in Penang National Padkatso may assist with future
conservation management of the species. Specyfittedl nest data are used as presence

data in chapter 4 in nest-site selection analysis.



Chapter 4 assesses the nest-site selection &/he-bellied Sea-Eagles using
variables or habitat features which are believedffect the selection by the species
during their nest placement. The nest-site selecaoalysis was carried out to
determine the range of habitat requirements bysflexies by comparing the selected
habitats with available habitats. To date themoisttempt to analyse nest-site selection
of White-bellied Sea-Eagles in relation to theiviestnment in the Penang National
Park. This analysis also identifies important hatbitequirement by the species for
nesting sites which affect occupancy and abundahttee species in the study area.

Chapter 5 develops a model predicting the potestigable nesting site for the
White-bellied Sea-Eagles using data from nests#ection analysis in the previous
chapter. A large number of questions in ecology @ntservation modelling depend on
the ability and accuracy of the model. Thus, thedehdouilt in this chapter was
evaluated using independent nest data from theuatrah area (Penang Island and
Teluk Rubiah, Perak) to test the accuracy and toless of the model.

In the final Chapter 6, the author gives generstussions and conclusions of

the study and also some management implications fine@ modelling.



Chapter 2

Literature Review

2.1 Raptors conservation and habitat destruction

There are ten different families of raptors. Tlaeg: buteos, accipiters, eagles,
falcons, vultures, osprey, harriers, kites and tamilies of owl. The bald eagle is the
most well-known of raptors, while kites and hasierre probably the least known.
Raptors have large, powerful feet with sharp curtadns, hooked upper beaks and
sharp eyesight.

Raptors such as the White-bellied Sea-Eaglesnaperiant because they help
control animal populations and are an integral pdrtkeeping natural systems in
balance. If raptor prey such as mice, rabbits,aatsprairie dogs become too abundant,
they can damage crops and lands and transmit dséadhumans, domestic livestock
and pets. Raptors help to prevent prey populatipiosions that can lead to habitat
problems.

Raptors are also important environmental bio-iatdics. Since raptors feed at
the top of nature’s food pyramid, their populatiprovides a good indicator of the
underlying health of natural ecosystems. For exasjpkagles and other raptor
populations provided the first indication that pades were entering food and
reproductive cycles in damaging ways (Chase, 1995).

There are numerous studies on raptors, espedallyulnerable or declining

species, which have been done discussing mainlthein ecology and conservation



issues. An improved understanding of the specietogg and behavior is therefore
essential for the proper design of conservatioatefiies. Bonelli's eagleH{eraatus
fasciatus) is one of the raptor’s species that has beeriestugktensively especially in
Europe due to their serious population decline aodsidered as one of the most
endangered species (Rocamora, 1994). Ontiverose§uekuelos (2000), Gil-Sanchez
et al. (2004) and Ontiveroet al. (2005) studied on various factors that influettoe
species breeding success in southeast Spain. Gtindies include Balbontin (2005)
identified suitable habitat for the Bonelli's eaglpecies for management purpose and
Carrascal & Seoane (2009) analyzed the interreiships of various parameters with
recent population trends of the species.

In recent years, predictive habitat distributiondal have been recognized for
their utility in conservation and management plagnby combining multivariate
statistical analysis with Geographic Informatiors@ns (GIS) technology (Guisan &
Zimmermann, 2000). Therefore, modelling speciesitaakdistribution has been
extensively applied in wildlife conservation as Wwat raptors e.g. Eurasian black
vulture Aegypius monachus) (see Poirazidigt al., 2004), Bonelli's eagleHieraaetus
fasciatus) (see Lopez-Lopeet al., 2005), Golden eagledduila chrysaetos) (see Tapia
et al., 2007). Studies on other raptors also focusing aair tecology and habitat
selection e.g. goshawlAdcipiter gentilis) (see Kriger & Lindstrom, 2001), Forest-
Falcon Micrastur ruficollis) (see Thorstrom, 2001).

As with all wildlife, loss of habitat is the mosignificant problem of raptors
endangerment. High deforestation rate remains thatgst overall threats to raptors,

particularly in tropics (Bildsteirt al., 2000; Thiollay & Rahman, 2002). While raptors



are able to migrate and some can adapt in certdianuenvironments, the continued
loss of areas to human use is keep putting pressuraany species as such area are
developed (Chase, 1995). According to BildsteinO@)Q there are three general
categories of human threats to all wild birds idahg raptors, and their effects are often
additive; (1) habitat degradation and habitat 1d&y, environmental contaminants,
including pesticides and other agricultural chetsidaom agriculture developments,
and (3) direct assault, including persecution amgbpting for captive use. Besides,
thousands of raptors die each year because oélil&woting, trapping and poisoning

(Chase, 1995).

2.2 The influence of habitat selection on speciessttibution

Habitat selection behavior is of great importantdoth ecological theory and
individual-based modeling because this behavioraigrimary way that mobile
organisms adapt to changing conditions (Railsbadkagvey, 2002). Habitat selection
studies have recently assumed a new urgency, |paga result of the importance of
incorporating both habitat and demographic inforamatinto conservation planning.
Understanding the habitat requirements is one @f mhost crucial questions in
conservation and management of animals (Kretilal., 2007). Various studies of
habitat selection on different animals have beemniethout e.g. bird (Olivier, 2006);
fish (Railsback & Harvey, 2002); deer (Lambesatial., 2006; Licoppe, 2006); toad
(Bull, 2006); bear (Kneilat al., 2007); raccoon (Bozedt al., 2007).

Habitat selection of animals is proximately deterad by necessary resources,

such as food and safe roosting sites, which theyire for daily activities. Ultimately,



habitat selection aims at improving the survivalimdividuals and enhancing their
reproductive success by providing food, mates astdrial nesting sites. Interactions
between conspesifics and other species or predas&ninfluence the behaviour of
individuals and contribute to the habitat selectocess. According to Railsback &
Harvey (2002) net energy intake (growth) and miytaisks also can influence habitat
selection. More recently, habitat selection stuttie@ge shown that many factors, such as
landscape structure, can influence exactly how alsilselect habitats while moving
through a landscape (Balbontin, 2005; Lopez-Léget., 2006).

The actual distribution of animal species may btemeined by their habitat
selections related to a variety of environmentattdes (Morrisonet al., 1998).
According to de Leeuvet al. (2002), it can be categorized into three broassds;
those describing the resource base, physio-cheffaici@rs and factors related to human
activities.

The definition and empirical distinctions betwedre tterms habitat use and
habitat selection are often unclear (Halll., 1997). Habitat refers to a distinctive set
of physical environmental factors that a speciessuer its survival and reproduction
(Block & Brennan, 1993). Habitat implies more thagetation or vegetation structure;
it is the sum of the specific resources that aedad by organisms (Hadt al., 1997).
Habitat use refers to the way in which an individoa species uses components in
habitats to meet its needs in life (Block & Brennaf93; Hallet al., 1997). The study
of habitat use patterns describes the actual loligion of individuals across habitat

types (Hutto, 1985). Meanwhile, habitat selectiefers to a hierarchical process of



behavioral responses that may result in the digptimmate use of habitats to influence
survival and fitness of individuals (Hutto, 1983p&k & Brennan, 1993).

Habitat selection can be considered as a hieraictaod scale-dependent
process (Hutto, 1985). In terms of individual fisse habitat selection at home range
scale is likely to be more important than localregional scale decisions because the
survival of individuals and their reproductive sess is obviously dependent on
resources in the vicinity of the nesting site (Cot§81; Hutto, 1985).

According to Rice & Owsley (2005) ‘rich’ habitatsvg higher fitness to the
organisms living there where ‘poor’ habitats giwavér fitness. The quality of the
habitat has many variables such as food availgbiptedator occurrence, defense
strategy, breeding success, microclimate changesande to human settlements,
topography and many others. Prediction of the pgiateimpact of habitat changes needs
to be based on detailed understanding of the halet@irements of the animals, or on

guantification of distribution or extent of suitaldtabitat.

2.2.1 Habitat selection in birds

Birds as well as raptors are nearly ideal subjemtstudies of habitat selection,
because they are highly mobile, often migratingufamds of miles (pass over an
enormous range of environments), and yet ordindoitgge, breed, and winter in very
specific habitats (Ehrliclet al., 1988). Ornithologists are interested in ansvgeritat
determines the range of habitats in which a spexiesrs and how does each individual

determine when it's in an appropriate habitat.



Indeed, some ecologists employ the term "habit®” uather than "habitat
selection” to avoid the connotation of birds makdediberate decisions among habitat
alternatives (Ehrlichet al., 1988). Habitat use describes the relative ptopws of
different habitats utilised by animals, and progideformation on where animals find
and use resources. However, it can be difficulinderstand the significance of results
of habitat use, for example, in isolation of larajse composition (Hakt al., 1997).
For example, results may show that an animal feedscertain habitat, but it cannot be
determined whether this is because food is padiubabundant within that habitat, or
because the animal has little alternative.

In addition, habitat selection carries a connotatod understanding complex
behavioral and environmental processes that hals&toes not, by which habitat use
patterns are the end result of habitat selecti@tgsses (Jones, 2001). According to
Jones (2001) nest-site selection is a subset afdahaelection focusing solely on nest
sites and it can be highly influence by two maictdas; access to food and anti predator
strategies (Johansson, 2001). Hence, the authsitlusgéerm of nest-site selection in the
rest of this thesis, as distinct from simply habitae, or broader term habitat selection
to try to understand the relative importance ot4sée® components.

Avian habitat selection is a vast topic in aniraeblogy because both amateur
and professional students of birds have accumulateenormous body of information
on which birds live where, and how they live inithenvironments. However detailed
observations can still add to more understandinghef habitat selection of birds -

especially observations of bird behavior made wianitats are being altered either by



"natural experiments" such as droughts and insatiireaks or by human activities
(Ehrlichet al., 1988).

Many studies have demonstrated the special hatgitatirements of different
species. The reasons why individuals in an ecosysie bird population establish
territories in particular locations depending upam interplay between the niche of
individual bird species and a number of site-specéds well as non-habitat factors
(Fretwell & Lucas 1970). A few studies have beenalshowing the influences of these
factors on habitat selection and habitat distrdouf birds, e.g. geographical location,
altitude, land productivity, edge effects and fomitation (McCollin, 1998); sex ratio
(Fretwell & Calver, 1969); stand structure and ifltic composition, social and
demographic considerations (Arlt, 2007); nest ptieda(Johansson, 2001); vegetation
structure, competitors and productivity (Cody, 1981

The contribution of a habitat to the fitness ofiundual, commonly termed
habitat suitability will vary in time and space @Bk & Brennan, 1993). Suitability can
be regarded as a continuous variable corresporndisgatial and temporal variations of
environmental conditions. The assumptiongdeél-free habitat distribution for birds
by Fretwell & Lucas (1970) defined that in an idsabiation, birds will select the best
or greatest habitat for their fithess and birds fage to enter any habitat. Although,
territorial behavior can influences and affect katbsuitability by reducing the amount
of suitable habitat available (Block & Brennan, 3R9

There are two main ways in which nest-site selaasdested for breeding birds
with territorial systems such as White-bellied &&ale: comparing used habitats with

unused habitat or comparing used habitats withlaai habitats (Jones, 2001). Used



habitat is habitat that is currently occupied bg focal individual or species while
unused habitat is habitat not currently occupiedaikable habitat refers to all habitat
types in a prescribed area and includes habitaterdly in use. The used-versus-
unused comparison is considered the less informaifvthe two methods (Johnson,
1980). Information on the quality of used-versusised space is only informative about
habitat selection if the unused habitat is actuallgilable to the birds of interest (Jones,
2001). Further, absence from a particular habibaschot mean that the habitat is being
avoided.

Used-versus-available tests involve comparisonkatiitats currently used by
individuals to habitats available to be used. Thom®parisons are preferable to used-
versus-unused comparisons because they allow obsearto make inferences about
choice. However, the used-versus-available compasisre also problematic because it
is very difficult to measure the habitat availailjAebischert al., 1993; Jones, 2001).

Availability refers to both the accessibility antda@ability of resources in the
habitat, not just their abundance (Johnson, 19&0t & al. 1997). The definition of
availability based solely on the proportional acédabitat types makes a rarely tested
assumption that all parts of the study area aralggavailable. In addition, there are
assumptions that a random sampling of habitatmatts habitat availability, although
that assumption is seldom tested in the field (Sp2e01).

Both the spatial and temporal scales of the stuflyance the perception of
habitat availability. This is likely to affect inddual choices at several levels. Johnson
(1980) defined four levels or orders of habitatesgbn that acknowledge its

hierarchical ordering of selection process in ratand provide a useful empirical



framework for habitat studies. Johnson's framewmakges from the macroscale
selection at the geographical or physical ranga speciesfirst-order selection) to
microscale descriptions of the actual attainmerfootl items or selection of nest sites
from those availablefdurth-order selection), which second-order selection refers to
home range of an individual or social group dnidd-order selection considering the
selection of habitat component from within terriésror home ranges.

When examining habitat selection within territoriése individual has likely
already made a crucial selection by choosing atdeyr Hereby, measurement of
habitat availability is depend on the spatial sa#lstudy and constraints to that prior

decisions made by the animal place on its currptibos (Johnson, 1980).

2.3 Geographic Information Systems and wildlife coservation

Geographically-explicit models are representeglgilly as maps showing the
distribution of areas associated with differententities of the relationship being
modelled. A map can be considered as an analoquietioa of the Earth’s surface that
links features in a spatial context. The mappingerses have developed highly
sophisticated tools for accurately recording amaesenting the location of physical,
natural and anthropogenic features and processes,tlee rapid development of
computing tools has enabled the handling of vasiumts of information coming from
remote sensors and topographical maps. One of hespresented by the software that

enables the development of Geographical Informasigstems.



2.3.1 Geographic Information Systems

A geographic information system (GIS), also knows a geographical
information system or geospatial information systesnany system for capturing,
storing, analyzing and managing data and associatieithutes which are spatially
referenced to Earth.

Nowadays, in the strictest sense, it is any in&diom system capable of
integrating, storing, editing, analyzing, sharingnd displaying geographically
referenced information (Mattikali & Engman, 2000).a more generic sense, GIS is a
tool that allows users to create interactive que(ieser created searches), analyze the
spatial information, edit data, maps, and preshat results of all these operations
(Salvatori, 2004).

GIS provides appropriate methods for efficientage, retrieval, manipulation,
analysis and display of large volumes of spatiediigrenced data with quantitative and
gualitative approaches. Accordingly, GIS consigtar basic components: data input
and editing, storage of geographic databases, atathysis and spatial modeling, and
data visualization and presentation (Mattikali &gran, 2000).

These particular attributes of GIS, together witie possibility of combining
information coming from diverse sources using tpatigl component as relational
element, makes it a suitable tool for developingdet® and simulating processes in

diverse contexts (Salvatori, 2004).



