
 

 

 

 

 

 

Assessing the impact of tourist development 

in St. Lucia on the Endangered 

White-breasted Thrasher  

(Ramphocinclus brachyurus) 
 

Identifying priority sites for conservation 

 

 

  

 

 

Rachel Louise White 

September 2009 

 

A thesis submitted in partial fulfilment of the requirements for the degree of Master 

of Science and the Diploma of Imperial College London 

 

 

 



 

i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

“A beautiful, unique creature that has lived quietly on its island home since long before the 

days of plantations and golf courses. Its requirements are modest, and its long-term 

conservation could be achieved with a fraction of the money that is currently being spent 

on the developments that threaten its existence”.    

Dr Helen Temple (2005) – World expert on White-breasted Thrasher 

 

 

 

 

Robert Curry 



 

ii 

Table of Contents 

 

List of acronyms .............................................................................................................iv 

Abstract ........................................................................................................................... v 

Acknowledgements ........................................................................................................vi 

1. Introduction ................................................................................................................. 1 

1.1   Aim and objectives ................................................................................................ 1 

1.2   Overview of thesis structure .................................................................................. 2 

2. Background ................................................................................................................. 3 

2.1   Birds in anthropogenically modified landscapes .................................................... 3 

2.2   Avian response to golf courses .............................................................................. 5 

2.3   St. Lucian White-breasted Thrasher ...................................................................... 6 

2.4   Habitat suitability modelling in conservation .........................................................13 

2.4.1   Species input data (response variable) ..........................................................14 

2.4.2   Environmental input data (environmental predictors) .....................................14 

2.4.3   Habitat suitability modelling techniques ..........................................................15 

2.4.4   Generalised Additive Models (GAMs) ............................................................15 

2.4.5   Generalised Regression Analysis and Spatial Prediction (GRASP)................16 

3. Methods ......................................................................................................................18 

3.1   Monitoring the St. Lucian WBT .............................................................................18 

3.1.1   Survey protocol for Mandelé subpopulation ...................................................18 

3.1.2   Survey design for 2006 north-east subpopulation ..........................................19 

3.2   Processing of raw WBT survey data .....................................................................20 

3.3   Testing WBT count data variables for normality ....................................................21 

3.4   Preliminary analysis of WBT abundance and occupancy ......................................21 

3.4.1   North-east range versus Mandelé range ........................................................21 

3.4.2   Within Mandelé range ....................................................................................21 

3.5   WBT abundance surfaces for Mandelé range .......................................................22 

3.6   Island-wide landscape-scale environmental variables ..........................................22 

3.6.1   Topography ....................................................................................................22 

3.6.2   Distance to coast ...........................................................................................23 

3.6.3   Rivers and streams ........................................................................................23 

3.6.4   Roads ............................................................................................................23 

3.6.5   Human settlements ........................................................................................23 

3.6.6   Climate ..........................................................................................................23 

3.6.7   Vegetation/land-use .......................................................................................24 

3.7   Landscape-scale habitat selection across entire St. Lucian range ........................25 

3.8   Landscape-scale habitat characteristics of WBT range versus St. Lucia ..............25 

3.9   St. Lucia habitat suitability model..........................................................................26 



 

iii 

3.9.1   Response variable and environmental predictors ...........................................26 

3.9.2   Spatial autocorrelation ...................................................................................26 

3.9.3   GRASP ..........................................................................................................26 

3.9.3.1   Data exploration ......................................................................................26 

3.9.3.2   Model selection .......................................................................................27 

3.9.3.3   Model validation ......................................................................................27 

3.9.3.4   Model interpretations ...............................................................................28 

3.9.3.5   Spatial predictions ...................................................................................28 

3.10   Dynamic landscape-scale environmental variables: Mandelé range ...................29 

3.10.1   Neighbouring White-breasted Thrashers ......................................................29 

3.10.2   Normalised difference vegetation index (NDVI) ............................................29 

3.10.2.1   Remote sensing data: Landsat 7 satellite images ..................................29 

3.10.2.2   NDVI derived environmental variables ...................................................30 

3.10.3   DCG development site .................................................................................31 

3.11   Modelling WBT abundance and change in abundance (Mandelé range) ............32 

3.11.1   Model 1: abundance with response to environment .....................................33 

3.11.2   Model 2: change in abundance with response to environment .....................33 

3.11.3   Model 3: abundance trend with response to environment ............................33 

4. Results ........................................................................................................................34 

4.1   Spatio-temporal patterns of WBT populations.......................................................34 

4.1.1   North-east range versus Mandelé range (2006) .............................................34 

4.1.2   Within Mandelé range (2006-2009) ................................................................34 

4.2   Landscape-scale habitat selection across entire St. Lucian range ........................38 

4.3   Landscape-scale habitat characteristics of WBT range versus St. Lucia ..............39 

4.4   Habitat suitability model ........................................................................................41 

4.5   Relationship between landscape and spatio-temporal patterns in abundance ......45 

5. Discussion..................................................................................................................47 

5.1   Pre-development conditions .................................................................................47 

5.1.1   North-east range versus Mandelé range ........................................................47 

5.1.2   Landscape-scale habitat selection across entire St. Lucian range..................47 

5.1.3   St. Lucia habitat suitability model ...................................................................48 

5.2   Response to tourist development by Mandelé subpopulation ...............................51 

5.3   Conservation implications .....................................................................................54 

5.3.1   Identifying priority sites for habitat protection .................................................54 

5.3.2   Identifying priority sites for habitat restoration ................................................56 

5.3.3   Guiding reintroduction and translocation ........................................................56 

5.3.4   Potential discovery of new subpopulations .....................................................57 

5.3.5   Future monitoring efforts ................................................................................57 

5.4   Future research directions ....................................................................................59 

References .....................................................................................................................60 



 

iv 

Appendix A: WBT count data variables (Mandelé range)..................................................73 

Appendix B: WBT count data variables (north-east range)................................................77 

Appendix C: Normality test results for ER and Max...........................................................78 

Appendix D: Digitised St. Lucia vegetation/land-use map.................................................80 

Appendix E: GRASP input code for habitat suitability model.............................................81 

Appendix F: Correlation coefficients between EPs used in GAM analysis........................81 

Appendix G: Minimal adequate GLMM (model 1)..............................................................82 

Appendix H: Minimal adequate GLMM (model 2) – positive change.................................82 

Appendix I: Minimal adequate GLM (model 3)...................................................................83 

 

List of acronyms 

  

AIC: Akaike‟s Information Criterion 

AOO: Area Of Occupancy 

AUC: Area Under the (Receiver Operating Characteristic: ROC) Curve 

DCG: Design Construction Properties Ltd.  

DF: Degrees of Freedom 

EP: Environmental predictor 

ER: Encounter Rate 

ETM+: Enhanced Thematic Mapper Plus (Landsat 7 sensor) 

EV: Environmental variable 

GAM: Generalised Additive Model 

GLM: Generalised Linear Model 

GLMM: Generalised Linear Mixed Model  

GRASP: Generalised Regression Analysis and Spatial Prediction  

HS: Habitat Suitability 

NDVI: Normalised Difference Vegetation Index 

SLFD: Saint Lucia Forestry Department 

WBT: White-breasted Thrasher (Ramphocinclus brachyurus) 

 

 

 

 

 



 

v 

Abstract  

 

Development of tourism infrastructure is one of the main contemporary drivers of habitat 

loss and concomitant fragmentation in the Caribbean, where a substantial number of 

endemic and globally threatened species are found. Understanding the effect such land-

use change has on species of conservation concern is vital to develop appropriate 

mitigation measures. 

 

The focus species of this study was the globally Endangered White-breasted Thrasher 

(WBT; Ramphocinclus brachyurus). It is directly threatened inter alia by ongoing 

construction of a hotel and golf course development, located within the range of its largest 

known subpopulation on the island of St. Lucia. Understanding how the WBT is 

responding to land-use change resulting from the tourist resort, and identifying priority 

sites for conservation is imperative to safeguard the species in the long term.  

 

This study contributed to this effort, by using a four year WBT monitoring data set (2006-

2009) and landscape-scale environmental variables to: a) identify, characterise and map 

spatio-temporal patterns of WBT abundance within and outside the tourist resort 

boundary; b) determine landscape-scale environmental variables that influence such 

patterns, and c) produce island-wide predictive maps of suitable habitat.  

 

Results from this study indicate that the fragmented landscape resulting from replacement 

of natural WBT habitat with a tourist resort is of reduced value to the species. Specifically, 

there is evidence of reduced abundance and occupancy within the development 

boundary, and of displacement and crowding effects. A variety of landscape scale 

environmental variables were found to influence WBT distribution and abundance across 

their St. Lucian range, and areas of suitable habitat across the island were noticeably 

fragmented in nature, coastal in location and absent from urban areas.   

 

Key recommendations for future conservation include continued and spatially extended 

monitoring efforts, protection of WBT habitat surrounding the tourist development, and the 

piloting of habitat restoration to promote connectivity between areas of suitable habitat. 
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1. Introduction 

 

The current rate at which global biodiversity is being lost is a direct function of 

anthropogenic factors (Singh 2002), particularly human-induced landscape modification 

(Fischer & Lindenmayer 2007). The major proximate threat to wildlife worldwide arising 

from landscape modification is widely regarded to be direct habitat loss (Sala et al. 2000). 

Such destruction, however, rarely sweeps across the landscape uniformly. Rather habitats 

become fragmented, whereby extensive and continuous tracts of natural vegetation are 

reduced into smaller, isolated patches scattered through a matrix of modified habitat 

(Ewers & Didham 2006).  

 

There have been numerous studies investigating the effects of human-induced habitat 

fragmentation on native systems, and there is ample empirical evidence to show that it 

can bring about major changes in species abundance, distribution and ultimately 

persistence (e.g. Lens et al. 2002; Davis 2004; Uezu et al. 2005). As a consequence, 

habitat fragmentation has become a central issue in conservation science (Franklin et al. 

2002). However, substantial gaps still exist in our understanding of the relative impact 

posed by fragmentation, particularly within complex tropical ecosystems (McGarigal & 

Cushman 2002). In addition, the implications of fragmentation for individual organisms are 

many and varied, since species with differing life-history traits are differentially affected by 

the phenomenon (Ewers & Didham 2006). Consequently, studies regarding the impacts of 

habitat fragmentation on individual species of conservation concern within tropical 

systems are imperative, in order to enable efficient and effective conservation initiatives to 

be developed. 

 

The White-breasted Thrasher (WBT; Ramphocinclus brachyurus), is a globally threatened 

bird with traits possibly pre-disposing it to the detrimental effects of habitat fragmentation 

(Temple 2005). The species is currently threatened by a tourist development, which is 

fragmenting natural habitat in a large proportion of its global range in the Caribbean island 

of St. Lucia (Young et al. in press). Despite the potential severity of this situation, the 

effects of this land-use transformation on the species remain largely unknown. 

 

1.1   Aim and objectives 

The aim of this research was to increase understanding of the impact of landscape 

modification on the largest known subpopulation of the Endangered WBT, as a result of 

an ongoing tourist development in St. Lucia. In addition, this study intended to further 
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develop knowledge of what constitutes suitable habitat for the St. Lucian subspecies, and 

thus provide outputs which could contribute to ensuring the species long-term 

conservation.  

 

Specifically, the study had several objectives:  

 

1) To identify, characterise and map spatio-temporal patterns of WBT abundance. 
 

2) To determine which landscape-scale environmental variables influence such 

patterns.   
 

3) To model and map the location of suitable WBT habitat at an island-wide level. 
 

4) To propose based on the study outputs, recommendations for the future 

conservation and research of the species.  

 

It is anticipated that this study will contribute to advancing understanding of responses of 

birds of conservation concern in tropical systems to habitat fragmentation.       

 

1.2   Overview of thesis structure  

Chapter 2 presents an overview to the literature and a critical examination of previous 

studies regarding avian response to anthropogenic landscape modification, placing 

emphasis on both insectivores and response to golf-courses. It also provides an 

introduction to the St. Lucian WBT, along with its conservation issues. This chapter then 

finishes with a synopsis on habitat suitability modelling.  

 

Chapter 3 starts with a brief description of the WBT monitoring and research protocols 

employed by Durrell Wildlife Conservation Trust and the St. Lucian Forestry Department. 

This is then followed by a detailed presentation of the methods used in the study in 

sequential order, from the protocols used to extract suitable response and environmental 

variables, to methods used for statistical analysis and model building.  

 

In Chapter 4, the results of the study are presented in a logical manner, which are 

subsequently placed into the broader context of previous research in Chapter 5. The 

study‟s strengths and limitations are discussed, and potential applications of the protocols 

developed and outputs obtained for advancing WBT conservation are presented. 

Recommendations for future WBT monitoring efforts are made, with the thesis concluding 

with directions for future research.  
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2. Background 

 

2.1   Birds in anthropogenically modified landscapes  

Compared to other taxa, the effects of landscape modification on birds are well studied 

and documented (Canaday-1997). This is because birds are one of the most fully 

understood taxa in terms of their ecology within a given system, occupy a wide-diversity of 

ecological niches, are comparatively easy to detect, and sensitive to environmental 

change (Sutherland-2006). Fragmentation studies to date tend to focus on passerines and 

temperate forest habitat, with the effects of tropical forest fragmentation less 

comprehensively studied. This is despite data suggesting some tropical species are more 

vulnerable to fragmentation (Stouffer-&-Bierregaard-1995). Typical approaches used to 

study effects of fragmentation on avifauna involve analysing habitat fragments of various 

sizes (e.g.-Schmiegelow-et-al.-1997;-Sekercioglu-et-al.-2002), or comparing fragments 

with control plots in continuous habitat (e.g.-McIntyre-1995;-Stratford-&-Stouffer-1999). 

Both methods involve studying post-modified systems as a one-off event, often long after 

fragmentation onset. As such, pre-fragmentation conditions, and the early and temporal 

impacts of fragmentation on birds are poorly understood (Debinski-&-Holt-2000). Only a 

handful of studies have resolved this issue by sampling landscapes both before and at 

various times after modification (e.g.-Stouffer-&-Bierregaard-1995; Davies et al. 2001).  

 

Many studies document increased bird density in habitat fragments immediately post-

fragmentation, followed by relaxation or even population crash in subsequent years, as a 

result of displaced individuals forced to move into remaining habitat (e.g.-Bierregaard-et 

al. 1992,-Schmiegelow-et-al.-1997). However, relatively few studies have been published 

regarding the biological consequences of this „crowding effect‟. Available studies have 

shown this phenomenon to lead to increased intra-specific competition for resources; 

resulting in heightened levels of stress, developmental instability, demographic 

dysfunction (e.g. difficulties in establishing and maintaining pair bonds or territories), and 

lower than average reproductive success (Hagan-et-al.-1996;-Lens-et-al.-2002).   

 

Among the best documented impacts of fragmentation on birds are edge-effects, resulting 

from changes in abiotic and biotic conditions at the interface between fragments and the 

surrounding matrix (Ewers-&-Didham-2006). Edge-effects have been shown to lead to 

increased nest predation (Chalfoun-et-al.-2002) and heightened levels of brood parasitism 

(Robinson et al. 1995), attributable to increased detectability and arrival of new species 

(Canaday-1997). Curiously, in some cases birds appear to select edges as suitable 
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breeding habitat, despite heightened mortality rates and reduced fledgling success than in 

fragment interiors: this phenomenon has been termed an „ecological trap‟ (Gates-&-Gysel-

1978). In addition, competitive exclusion or replacement by species able to utilise the 

surrounding matrix is common in edge habitat (Haila-et-al.-1989).  

 

The modified landscape in which fragments exist is often inhospitable to many native 

species, effectively creating a barrier to dispersal (Ewers-&-Didham-2006). Even narrow 

breaks (50-100m) in continuous native habitat produce substantial barriers to the 

movement of a number of bird species (Stratford-&-Stouffer-1999). Coupled with this, 

small fragment area can impose a maximum limit on population size (Ewers-&-Didham-

2006). Although commonly inferred, both fragmentation characteristics have been shown 

to leave bird species vulnerable to local extinction, through environmental and 

demographic stochasticity, and reduced genetic diversity from inbreeding depression and 

genetic drift (Frankham-1996;-Keller-&-Waller-2002).   

 

Studies have found impacts of fragmentation on birds are altered by the pre-fragmentation 

habitat involved, landscape matrix, duration and rate of fragmentation, extent of 

fragmentation, time since isolation, and species in question (Lens-et-al.-2002). Many 

apparently contradictory responses to fragmentation by birds can be adequately explained 

by investigating and comparing individual species traits, and has received much 

discussion in the past (Ewers-&-Didham-2006). Species highly susceptible to 

fragmentation are typically characterised by large body size, high trophic-level, low 

vagility, narrow environmental niche, social group structure, and low pre-fragmentation 

abundance (Lens-et-al.-2002). Recent studies have shown that synergies between these 

traits appear to lead to greater vulnerability for species with combinations of such traits 

(Ewers-&-Didham-2006).  

 

There is a growing body of evidence suggesting forest understory and ground-foraging 

insectivorous birds worldwide are exceptionally vulnerable to forest fragmentation (e.g.-

Stouffer-&-Bierregaard-1995;-Canaday-1997;-Sekercioglu-et-al.-2002). Why these birds 

appear especially vulnerable is not fully understood. However, a range of hypotheses 

have been proposed to explain this negative association (Canaday-1997;-Ford-et-al.-

2001), with four deemed most plausible in the scientific literature, based on limited 

empirical studies. The food scarcity hypothesis states that small fragments are 

impoverished in prey preferred by understory insectivores (Zanette-et-al.-2000;-Ford-et-

al.-2001). The microclimate hypothesis proposes insectivores are particularly sensitive 

physiologically to changes and fluctuations in microclimate associated with forest 
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fragmentation (Karr-&-Freemark-1983;-Canaday-1997). The habitat specificity 

hypothesis states that loss of microhabitat elements from fragments may negatively 

affect understory insectivores, as they have evolved into various specialised niches 

(Canaday-1997;-Ford-et-al.-2001). Finally, according to the limited dispersal 

hypothesis, declines in understory insectivores may be a result of their relatively 

sedentary habits and possible innate avoidance of clearings (Stouffer-&-Bierregaard-

1995;-Sieving-et-al.-1996), preventing them from utilising the landscape-matrix and 

dispersing into favourable habitat (Sekercioglu-et-al.-2002). In reality, it is likely that 

proposed hypotheses overlap, with some more relevant for certain species, habitats and 

fragmentation characteristics. Actual proximate mechanisms of insectivore decline remain 

to be fully studied and elucidated.  

 

2.2   Avian response to golf courses 

There are currently over 32,000 golf courses worldwide, each consisting of, on average 

35-ha of maintained turf (Tanner & Gange 2005). In comparison to agricultural land and 

urban areas, golf courses cover but a fraction of the Earth‟s surface. However, golf is 

among the most rapidly increasing forms of land-use in many parts of the world (Terman-

1997). This is particularly true on tropical islands (Richmond 1993), where a substantial 

number of restricted range and globally threatened species are found (Myers et al. 2000; 

Brooks et al. 2006). The full ecological footprint of golf-courses is not understood, but 

negative effects relate to the fragmented distribution of remaining vegetation, human 

disturbance, colonisation by non-native species, water-depletion, chemical contamination, 

soil erosion, and affiliated urbanisation (Cohen-et-al.-1993;-Terman-1997;-Murphy-&-

Aucott-1998;-Markwick-2000). These are all concerns expressed by those who claim 

remaining natural habitat on courses have negligible wildlife value (Pleuramom-1992;-

Pearce-1993;-Warnken-et-al.-2001). However, others stress that courses can play a 

positive role in wildlife conservation (Terman-1997;-Tanner-&-Gange-2005). 

 

Surprisingly little research has focused directly on the potential negative consequences of 

golf-courses imposed on wildlife; even for birds, which often serve as representative taxa 

for assessing environmental impacts (Cristol-&-Rodewald-2005). The handful of peer-

reviewed studies that do address avian response to golf-courses are one-off, localised 

studies, biased towards the United-States. However, common trends and generalisations 

can be cautiously identified.  

 

Ultimately, it seems the extent to which golf-courses add to or detract from the regional 

conservation picture depends upon the habitat they are replacing. When built in place of 
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natural habitat, the resulting avian community is typically more homogenous and has 

fewer species of conservation concern than native reference sites (Terman-1997;-

LeClerc-&-Cristol-2005;-Hodgkison-et-al.-2007). Conversely, golf-courses established on 

land that has high levels of anthropogenic impact (e.g. agricultural and urban lands), have 

been shown to enrich the local bird community through increased landscape 

heterogeneity (Sorace-&-Visentin-2002;-Tanner-&-Gange-2005;-Yasuda-&-Koike-2006).  

 

The amount of intact natural landscape surrounding golf-courses is consistently regarded 

an important predictor of the bird species they support (Cristol-&-Rodewald-2005), often 

more so than on-course variables (Porter-et-al.-2005). Retention of native habitat around 

courses typically increases richness and relative abundance of birds of conservation 

concern (Jones-et-al.-2005;-LeClerc & Cristol 2005;-Porter-et-al. 2005). Alternately, 

increased amounts of development surrounding courses characteristically reduces their 

value to birds of conservation concern, whilst resulting in higher abundances of 

synanthropic and non-native species (Blair 1996; Porter et al. 2005). These findings 

suggest that the current trend towards surrounding golf courses with densely packed 

homes, along with increasing popularity of golf-course tourist complexes is likely to reduce 

their value for bird conservation (Cristol-&-Rodewald-2005).  

 

It is important to stress that the above findings do not indicate whether golf-courses can 

support viable bird populations. To determine this, requires studies measuring 

reproductive, condition, and survival parameters of individual species. However, only a 

handful of studies have done this (e.g.-Rodewald-et-al.-2005;-White-&-Main-2005). 

Collectively, these studies show that generalisations are difficult to make. Even within the 

same species and region, findings can be contradictory (LeClerc-et al.-2005; Stanback-&-

Seifert-2005). Although merely suggestions, the ability of golf-courses to support viable, 

breeding populations has been attributed to various factors, including the degree of direct 

and indirect anthropogenic disturbance, inter-specific competition, and food availability 

(Colding & Folke 2009). There is, however, ample evidence that chemicals used on golf 

courses can negatively impact avian condition, survival and reproduction - specifically for 

grazing waterfowl and insectivores (Kendall-et-al.-1992;-Allender-1994;-Rainwater-et-al.-

1995;-Stansley-et-al.-2001).   

 

2.3   St. Lucian White-breasted Thrasher  

The White-breasted Thrasher (WBT; Ramphocinclus brachyurus) represents a useful 

case study for investigating the response of a globally threatened bird to landscape 
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modification and concomitant habitat fragmentation, arising from the construction of a 

hotel and golf course tourist development.   

 

It is a medium-sized passerine, belonging to a monotypic genus within the family Mimidae 

that inhabits dry forest and scrub habitat on the east coasts of the Caribbean islands of St. 

Lucia and Martinique in the Lesser Antilles (Temple-et-al.-2006). It occurs as two island 

specific endemic subspecies: R. b. sanctaeluciae on St. Lucia (the focus of this study) and 

R. b. brachyurus on Martinique, which are well differentiated, providing a strong case for 

considering each subspecies an „evolutionarily significant unit‟ for conservation 

management (Ryder-1986;-Storer-1989).  

 

Like many in the Mimidae family, WBTs exhibit little sexual dimorphism (Figure 2.1), and 

are well adapted to „thrashing‟ through leaf-litter in search of food (Keith-1997). Although 

primarily insectivorous, the species has been observed feeding on small vertebrates, and 

on occasion‟s berries (Diamond-1973).  

 

 

 

 

 

 

 

 

 

 

 

WBTs are social, forming small territorial family groups consisting of a dominant male and 

female, often assisted by up to three non-breeding helpers from previous breeding 

attempts (Temple-et-al.-2009). WBTs are highly sedentary and reside permanently on or 

near breeding territories with an estimated mean width of 70m (Temple-2005). Dispersal 

distances are short, with females dispersing on average, 360m and males, 103m (Temple 

2005). The species is often described as inquisitive, issuing warning calls and displays 

when threatened, easing attempts made to survey the species (Keith-1997).  

 

Figure 2.1: Adult White-breasted Thrasher. Both male and female are identifiable by their clearly 

contrasting dark brown upper-parts and white under-parts, and by their red iris. 

www.birdinginstlucia.org 
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Records from the 19th and early 20th century suggest the species was considerably more 

widespread and abundant historically (e.g.-Semper-&-Sclater-1872;-Bond-1928). Based 

on latest estimates, the global WBT population is estimated at c.1400-1700 individuals, 

1200 of which belong to the St. Lucian subspecies (Temple-2005;-Young-et-al.-in press). 

In St. Lucia, the WBT has a known area of occupancy (AOO) of 720-ha, and occurs as 

two remnant subpopulations, 6-km apart, delineated by Temple (2005).  

 

The north-east subpopulation (13°-58‟N, 60°-53‟W; Figure 2.2) is patchily distributed 

across 1700-ha of dry forest and scrubland, running along the north-east coast. This 

subpopulation tends to concentrate along narrow strips of riparian woodland in valley 

bottoms, with an estimated AOO between 60-125 ha (Temple-2005). The subpopulation is 

relatively well known, having been censused eight times since 1971. Such records 

indicate a long-term decline from an estimated 200 individuals in 1971 (King-1981) to 

around 80 birds in 2006 (Young-et-al.-in press) – an apparent decline of more than 50%.  

 

 

 

WBT range

forest reserve

3 0 3 6 Kilometers

Guadeloupe

Martinique

Dominica

Barbados

Grenada

Antigua 
and 
Barbuda

St. Vincent 
  and the 

    Grenadines

Montserrat

St. Kitts 
    and Nevis

St. Lucia

Figure 2.2: a) St. Lucia‟s location within the Lesser Antilles; b) Layout of forest reserves and White-breasted 

Thrasher‟s current St. Lucian range, divided into north-east and Mandelé (lying to the south) subpopulations 

a) 

b) 

b) 
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The Mandelé subpopulation (13°-53‟N, 60°-53‟W; Figure 2.2) is found on the central 

eastern coast, in a patch of regenerated dry forest approximately 630-ha in area (Temple-

2005;-Young-et-al.-in press). This subpopulation resides in river-valleys and dry scrub 

woodland hillsides well away from streams (Temple-2005). Discovered in 1993 (John 

1995), the Mandelé subpopulation at the time was thought peripheral and relatively 

insignificant in terms of its contribution to the total population. However, a census in 2003 

revealed more than 90% of St. Lucia‟s (and more than 75% of the world‟s) WBTs live in 

this area (Temple-2005), with a 2007 survey estimating a subpopulation size of roughly 

1050 birds (Young-et-al.-in press).  

 

The principle threat facing the WBT on St. Lucia, is the ongoing loss, degradation and 

associated fragmentation of its natural habitat (Anthony-2005), caused by charcoal-

burning, wood-cutting, conversion to agricultural land, and most recently tourist 

developments (Temple-2005). It has been suggested that the current levels of clearance 

of natural habitat will promote the spread and increase in numbers of non-native 

predators, such as the Small Asian Mongoose (Herpestes javanicus), Black Rat (Rattus 

rattus) and Brown Rat (Rattus norvegicus), potentially increasing WBT predation-levels 

(Anthony-2005), although no studies have yet tested for this. As the WBT is believed to be 

confined to narrow areas along the Windward coast, a major hurricane could also severely 

impact the species (Temple-2005). Threats faced by the WBT are likely exacerbated by 

the poor dispersal capabilities of the species; individuals probably cannot pass between 

the two subpopulations, limiting the potential for one subpopulation to „rescue‟ the other 

from a significant decline (Temple-et-al.-2006). 

 

Landscape modification due to tourism development is believed to be one of the main 

contemporary drivers of habitat loss in the Caribbean (Christ et al. 2003; McElroy 2003). 

In St. Lucia, tourism is vital to the economy, and its importance is expected to continue to 

rise as the global market for bananas becomes more competitive (M.Morton, pers.comm). 

The development of the tourism sector is a government priority within St. Lucia (St.-Lucia 

Government-Information-Service-2008). In 2006, UK based development company, 

Design Construction Properties Ltd. (DCG) began construction of the Le Paradis tourist 

resort (Figure 2.3) – St. Lucia‟s largest ever tourist development, on 240-ha of land 

immediately north of Praslin (Birdlife-International-2005). The development site, which is 

dominated by an 18-hole golf course, represents roughly 25% of the global AOO of the 

species, and before construction commenced was home to just over 400-birds (Young-et-

al.-in press).  

a) 
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Mitigation measures proposed and undertaken to safeguard the WBTs found within the 

DCG development boundary include (DCG-2008): 

 

 Retention of as much natural vegetation as possible, to provide sufficient 

connectivity to adjacent habitat outside the development; 

 Designing and implementing lethal control programmes for non-native species; 

 Prohibiting free-roaming of domesticated cats and dogs; 

 The set-aside of 14 ha near the northern boundary as a nature reserve; 

 Raising public awareness of the WBT through media releases; 

 Ongoing monitoring of the WBT population (see Section 3.1) 

 

Despite such efforts, the development has caused extensive clearance of natural habitat 

and subsequent fragmentation (Figure 2.4), disturbance via construction work and new 

access routes, and an estimated increase in the number of visitors (up to 3000 per week) 

to the area upon opening; all of which are expected to negatively affect the local WBT 

population (BirdLife-International-2005). 

 

 

 

 

 

 

Figure 2.3: Master site plan for Le Paradis tourist complex, within the White-breasted Thrasher Mandelé range. 

o www.leparadisstlucia.com 
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Figure 2.4: Areas cleared for golf course at DCG site; photos taken June 2006  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Perhaps even more worrying, is the indication that this development is catalysing the 

building of further tourist infrastructure along St Lucia‟s north-east coast (St.-Lucia 

Government-Information-Service-2008), which has to date been relatively undeveloped. 

For example, in the WBTs north-east range, the Louvet estate (Figure 2.5) was privately 

sold in 2007 to a company with plans for creating a large tourist resort, and the status of a 

second large estate, Grand Anse (Figure 2.5) is uncertain, but has either been sold or 

remains for sale (M.Morton, pers.comm.). It is currently unclear what proportion of these 

two estates (which overlap with 43% of the north-east range) would be developed. 

However, proposals indicate significant loss of critical WBT dry woodland and scrub 

habitat, probably resulting in heavy fragmentation of the north-east range (Young-et-al.-in 

press). It is estimated that tourist development companies will soon own land constituting 

Jennifer Mortensen 

Jennifer Mortensen 
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42% of the species extent of occurrence on St. Lucia and 34% globally (Young-et-al.-in 

press). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The extremely small, declining and fragmented range of the WBT has led to it being 

recognised as one of the highest-priority bird species for research and conservation action 

within the neo-tropics (Stotz-et-al.-1996), in addition to being considered the most 

threatened avian cooperative breeder in the world (Walters-et-al.-2004). Accordingly, 

since 1994, the species has been classified as „Endangered‟ under Criteria B1ab(i,ii,iii,v) 

of the IUCN Red List (Birdlife-International-2008).  

 

The WBTs St. Lucia range ranks highly in global priority-setting exercises, falling within 

the North-east Coast and Mandelé Dry Forest Important Bird Areas, the Lesser Antilles 

Endemic Bird Area (priority:-Critical:-Stattersfield-et-al.-1998), and the Caribbean Islands 

Figure 2.5: Map showing the boundaries in the north-east range of the Grand Anse (most northerly) and 

Louvet (most southerly) estates and the DCG Le Paradis development site in the Mandelé range. 
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Hotspot (Mittermeier-et-al.-2005). On St. Lucia, the WBT is legally protected under the 

1980 Wildlife Protection Act. However, this only prohibits killing or capturing individuals – 

there is no stricture on destroying critical habitat. St. Lucia currently has over 12% of its 

land area under some form of protection (Temple-2005), but this is biased to the central 

rainforests, and only a small (4%) and peripheral part of the WBTs Mandelé range (Figure 

2.2) is currently legally protected (Temple-2005). Habitat protection is cited as being the 

single most important form of action that could be taken to protect the WBT from further 

declines and ultimately extinction on St. Lucia, with the Mandelé range being the highest 

priority-site (Temple-2005). Regarding this, urgent research priorities include: a) 

identifying sites that support high densities of WBTs for protection; b) identifying sites 

suitable for restoration; c) understanding how the WBT is responding to the land-use 

change resulting from the DCG development.  

 

2.4   Habitat suitability modelling in conservation 

A comprehensive knowledge of the ecological and geographic distribution of species is 

vital for assessing anthropogenic threats towards biodiversity, and for prioritising and 

designing conservation action (Wintle-et-al.-2005; Hirzel-et-al.-2006). However, such 

detailed distribution data is often lacking and field-research costly and labour-intensive. 

One way of overcoming this data shortfall is to build models to estimate a species‟ 

suitable habitat and potential distribution, collectively termed habitat suitability (HS) 

models (Pearson-2007). Such models are typically correlative in nature (Pearson-2007), 

statistically relating a species known distribution to the spatial distribution of some 

environmental predictors (EPs), expected to reflect key aspects of the species-habitat 

association (Hirzel-et-al.-2006). This quantified relationship is subsequently used to create 

spatial predictions of HS for that species, which in turn can be used to create a HS map. 

Such models are static in nature and as such there is an assumption of equilibrium 

between observed species distribution and its environment (Guisan-&-Zimmerman-2000).  

 

In recent years, the application of HS modelling has rapidly increased within the field of 

ecology and conservation (Guisan-&-Zimmerman-2000), as their capacity to address 

various and numerous issues was realised (Table 2.1).  
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Table 2.1: Published uses of habitat suitability models in ecology and conservation 

 

2.4.1   Species input data (response variable) 

HS models can be broadly classified into two categories according to the type of species 

data they use: 1) those requiring both presence and absence data; 2) those requiring 

presence-only data or presence/pseudo-absence data. In the latter case, information is 

extracted from randomly selected points from the background study area (Elith-et-al.-

2006). Obtaining absence data is a powerful source of information and its inclusion can 

improve model performance (Brotons-et-al.-2004;-Pearson-et-al.-2006). However, so 

called „false absences‟ can arise when a species could not be detected although it was 

present (common for mobile, rare and inconspicuous species) or when a species is 

absent but the environment in fact suitable (e.g. due to dispersal limitation, inter-specific 

competition) (Pearson-2007). Inclusion of such erroneous absence data leads to suitable 

habitat being designated unsuitable and may result in underestimation of extent by the HS 

model (Hirzel-et-al.-2002). The reliability of absences depends on several factors, 

including the biology and behaviour of the species (Hirzel-et al.-2001), its abundance and 

ease of detection (Kery-2002), and the survey design (Mackenzie-&-Royle-2005).  

 

2.4.2   Environmental input data (environmental predictors) 

Information regarding a species habitat required in HS models can come from field 

surveys, remote sensing data and GIS-derived maps. EPs should be measured at an 

Type of use Example reference(s) 
 

Guiding field surveys to find unknown populations of known 
species 

 

Engler et al. (2004); Guisan et al. 
(2006); Pearson et al. (2007)  
 

Guiding field surveys to accelerate discovery of unknown species Raxworthy et al. (2003) 
 

Comparing paleodistributions and phylogeography 
 

Hugall et al. (2002)  

Guiding reintroduction/translocation of endangered species Pearce & Lindenmayer (1998); Mustoni 
et al. (2003) 

 

Projecting potential impacts of climate change 
 

Midgley et al. (2003); Thomas et al. 
(2004); Hannah et al. (2005)   

 

Predicting and assessing species‟ invasion and proliferation 
 

Higgins et al. (1999); Goolsby (2004); 
Thuiller et al. (2005) 

 

Assessing impacts of land cover change on species‟  
distributions 

 

Pearson et al. (2004) 

 

Assessing disease risk and distribution of disease vectors 
 

Costa et al. (2002); Peterson et al. 

(2006); Estrada-Pena & Thuiller (2008) 
 

Supporting conservation prioritisation and reserve 
selection/design 

 

Araujo & Williams (2000); Ferrier et al. 
(2002);  Pawar et al. (2007) 

 

Modelling species assemblages (biodiversity, composition)  
from individual species predictions 

 

Leathwick et al. (1996); Guisan & 
Theurillat (2000) 

 

Testing biogeographical, ecological and evolutionary  
hypotheses 
 

 

Anderson et al. (2002); Graham et al. 
(2004) 

Adapted from Guisan & Thuiller (2005) and Pearson (2007)  
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ecologically meaningful scale and resolution, and exert direct effects on species (Austin-

2002; Guisan et al. 2007), reflecting: 1) limiting factors that control species eco-physiology 

(e.g. ambient-temperature, soil-composition); 2) disturbances (natural or anthropogenic) 

and 3) compounds that can be assimilated by organisms (Guisan-&-Zimmermann-2000). 

In reality, the EPs used in HS models vary greatly as a result of the species and system in 

question and the scale-of-study, and are limited by both availability and knowledge 

(Osborne et al. 2001). 

 

2.4.3   Habitat suitability modelling techniques 

The potential utility of HS maps, coupled with increasing availability of remote sensing 

data, GIS, and advances in statistical computation capabilities, has given rise to a wealth 

of HS modelling techniques, which include:  

 

 Variants of regression: Least-Square-Regression (LSR), Generalised-Linear-

Models (GLMs), Generalised-Additive-Models (GAMs) 

 Classification techniques: Classification-and-Regression-Trees (CART) 

 Environmental envelopes: BIOCLIM, HABITAT and DOMAIN  

 Machine learning techniques: Artificial-Neural-Networks (ANN) and Maxent 

 Other various approaches, including Bayesian methods, Ecological-Niche-Factor 

Analysis (ENFA) and Generalised-Dissimilarity-Models (GDMs) 

 

For definitions and references of the different methods, see Guisan-&-Zimmermann-

(2000);-Elith-et-al.-(2006).  

 

Several studies have compared the performance of different methods for HS modelling, 

demonstrating their potential to yield substantially different predictions (e.g.-Guisan-&-

Zimmermann-2000;-Segurado-&-Araújo-2004;-Elith-et-al.-2006). In general, newer 

methods that identify complex relationships, including interactions among EPs tend to 

outperform earlier techniques. However, it should be noted that there is no HS modelling 

method that consistently outperforms others (Brotons-et-al.-2004), with different 

approaches having different situations in which they are most suitable.    

 

2.4.4   Generalised Additive Models (GAMs)  

Introduced into the ecological literature by Yee-&-Mitchell-(1991), Generalised Additive 

Models (GAMs;-Hastie-&-Tibshirani-1986) are a versatile and popular method for 

predicting HS and species distribution (e.g.-Guisan-& Zimmermann-2000;-Thuiller-2003;-

Segurado-&-Araujo-2004). In essence, GAMs are a variant of regression analysis and 
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powerful extensions of GLMs (McCullagh-&-Nelder-1983) that use non-parametric, data-

defined smoothers to fit non-linear functions (see-Hastie-&-Tibshirani-(1986) for specific 

details about the mathematical background of GAMs). For HS modelling, GAMs require 

both presence and absence/pseudo-absence data (Guisan-&-Zimmerman-2000). 

 

The popularity of using GAMs for HS modelling is attributable to the fact that they do not 

require a-priori knowledge of the shape of the response curves (Hastie-&-Tibshirani-

1986), as it is guided by the data itself (Ferrier-et-al.-2002). Consequently, GAMs have the 

ability to realistically model ecological relationships (Austin-2002). However, this makes 

them prone to over-fitting, whereby a model is excessively complex, describing random 

error or noise instead of the underlying relationship (Guisan-et-al.-2002). GAMs have also 

been criticised as having low transferability, referring to a predictive models ability to 

correctly extrapolate the prediction from a calibration area to an un-sampled area (Power-

1993;-Guisan-&-Theurillat-2000; Randin-et-al.-2006). 

 

Regardless of inherent limitations, comparative studies show GAMs to consistently 

perform well against other HS modelling methods (e.g.-Elith-et-al.-2006;-Guisan-et-al.-

2007; Meynard-&-Quinn-2007), and in comparison with their GLM counterparts, the more 

flexible GAMs result in better model performances (Bio-et-al.-1998;-Pearce-&-Ferrier-

2000;-Moisen-&-Frescino-2002;-Davis-et-al.-2007).  

 

2.4.5   Generalised Regression Analysis and Spatial Prediction (GRASP)  

GAM based HS modelling can be implemented within „Generalised Regression Analysis 

and spatial prediction‟ (GRASP), a graphical interface with underlying functions developed 

for the statistical packages S-PLUS (Lehmann-et-al.-1999) and „R‟ (Lehmann-et-al.-2008). 

GRASP was designed to promote the use of spatial predictions in environmental 

management, by enabling spatial predictions using GAMs to be conducted in a 

reproducible and less subjective manner than alternative methods (Lehmann-et-al.-2002). 

The set of functions offered, provide a toolbox that allows quick and easy data checking, 

model building and evaluation, and calculation of predictions (Lehmann-et-al.-2002).  

 

Table 2.2 shows a range of studies that have used GAMs within the GRASP interface to 

build HS models for a variety of purposes, at different extents and resolutions, for both 

terrestrial and marine habitats, plant and animal taxa, and using a variety of EPs.  
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Table 2.2: Examples of studies that use GRASP for habitat suitability modelling  

Study Taxon Extent Resolution  Sample 

size  

Environmental predictors Study purpose 

Ray et al. (2002) Common toad (Bufo 

bufo), Alpine Newt 

(Triturus alpestris) 

246km², W. 

Switzerland  

10x10m 127 11 variables: land-use (8), number 

of colonised ponds, area of 

migration zone 

Model migration zones of the two study 

species. Assess likelihood of successful 

migration between ponds 

Zaniewski et al. 

(2002) 

43 species of fern 270000km², 

New Zealand  

1x1km 19875 10 variables: Climate (7), 

topography(3) 

 

Model comparison. Assessing potential for 

modelling species distribution on a continental 

scale using presence-only models 

Suarez-Seoane 

& Garcia-Roves 

(2004) 

Capercaillie (Tetrao 

urogallus) 

500km²,   

NW. Spain 

30x30m 

 

61 to 70 

 

28 variables: habitat structure & 

composition (17), human 

disturbance (11) 

Determine whether human disturbance in 

surrounding area affects Capercaillie 

population more than habitat features 

Luoto et al. 

(2006) 

98 species of butterfly Finland, 

388000km² 

10x10km 1502  4 variables: Climate (3), land-cover  Determine ecological niche of study species to 

identify those particularly sensitive to fore-

casted global and local environmental change 

Araujo & Luoto 

(2007) 

Clouded Apollo 

Butterfly (Parnassius 

mnemosyne) 

Europe 50x50km Not 

stated 

Climate (6), distribution of four host 

plant species 

 

Help understand the extent to which biotic 

interactions constrain species distribution at 

macro-ecological scales 

Davis et al. 

(2007) 

Fisher (Martes 

pennanti) 

California 10km² 88 to 

433 

15 variables: topography (2), 

precipitation, vegetation (9), road 

influence(2), spatial autocorrelation  

Determine whether habitat factors associated 

with current fisher distribution differ for widely 

disjunct northern and southern populations 

Garcia et al. 

(2007) 

Little Bustard (Tetrax 

tetrax) 

15000km², 

NW. Spain 

1km² 490 17 variables: vegetation and farm 

systems (11), topography (2), 

human disturbance (4) 

Determine spatial variation in male occupancy 

in the fragmented population, produce outputs 

that can incorporate into agricultural policy 

Hazin & Erzini 

(2008) 

Swordfish (Xiphias 

gladius) 

S. Atlantic, 

10°N & 60°S 

1°x1° 5000 to 

38000 

11 variables: sea-surface 

temperature (2), wind (4), sea-

surface height (2), ocean depth (3) 

Relate sword-fish catch per unit effort and 

catch size frequency to environment, allowing 

creation of management plans 

Parsons et al. 

(2009) 

Malleefowl (Leipoa 

ocellata) 

210000km², 

W. Australia 

1km² 1745 19 variables: soil (8), climate (2), 

vegetation (9) 

Establish distribution and habitat choice, 

evaluate use of community observations 
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3. Methods 

 

3.1   Monitoring the St. Lucian WBT  

Since 2006, Durrell Wildlife Conservation Trust (Durrell) in partnership with the St. Lucian 

Forestry Department (SLFD), have conducted annual surveys to estimate numbers and 

map spatial abundance patterns of the WBT in its Mandelé range (Figure-2.2), aided by 

volunteers. The focus has been to monitor and quantify the impact of the DCG 

development on the WBT (Figure-2.5). As no tourist developments exist within the WBTs 

north-east range (Figure-2.2), annual surveys have not occurred there. However, in 2006, 

Durrell/SLFD organised a one-off survey to evaluate the proportion of the north-east 

subpopulation likely to be impacted by proposed tourist developments on the Louvet and 

Grande Anse estates (Figure-2.5). Protocols used to obtain annual WBT data since 2006 

for the Mandelé subpopulation and the one-off 2006 survey in the north-east range are 

described in the following sub-sections.   

 

3.1.1   Survey protocol for Mandelé subpopulation 

WBT surveys were conducted via point-count sampling in the dry season between 

January and March. This is when vegetation is less dense, making detectability higher 

than other times of the year (Young-et-al.-in press), and increasing the likelihood of 

constant detectability across sites and surveys (Sutherland-2006).  

 

In total, 96 permanent sample points were surveyed annually: 34 within the boundary of 

the DCG development and 62 outside (Figure-3.1). These sample points were established 

in 2006 (pre-development), from a randomly placed grid of sample points covering the 

entire Mandelé range. Distance between sample points was 250m: a trade-off between 

minimising the distance walked between points, and maintaining sufficient distance so that 

a fieldworker‟s presence at one point did not affect bird behaviour at adjacent points to be 

subsequently surveyed (R.Young,-pers.comm.). Sample points falling in areas of 

agriculture, open ground and urban development, were deemed to be in unsuitable habitat 

as defined by Temple-(2005) and removed from the grid, leaving only sample points in 

areas of presumed suitable habitat (628-ha). Sample points during any given year were 

visited once or twice, dependent on surveyor availability.  
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Starting immediately upon reaching a given sample point, 6-minute counts were 

conducted. This was considered the minimum time needed to observe all birds near the 

point. Fieldworkers concentrated search efforts on vegetation near the point to maximise 

chances of observing all WBTs at close distances. Distance between point and the 

location at which a WBT was first observed or heard was measured using a laser range-

finder if >10m away, or by tape measure if <10m away, and recorded along with number 

of individuals in each sighting. After the 6-minute count, fieldworkers spent a further 4-

minutes counting WBTs, followed by 5-minutes vocally imitating WBT distress calls to 

attract any birds in the local area towards the point.   

 

3.1.2   Survey design for 2006 north-east subpopulation   

The survey protocol used for the north-east range subpopulation in 2006 was identical to 

that used for monitoring the Mandelé subpopulation. However, sample points were 

selected via a stratified random design. In total, 100 sample points were surveyed: 50 

Figure 3.1: Map showing all 96 sample points annually surveyed in the Mandelé range, of which 34 are 

found within the DCG development boundary. 
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positioned randomly within areas 50m of mapped watercourses (ravine;-125.3-ha), and 50 

points positioned randomly throughout the scrubland in the rest of the range (non-ravine;-

1454 ha) (Figure-3.2). All sample points were visited once.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2   Processing of raw WBT survey data  

Spreadsheets containing raw data from the four annual WBT surveys in the Mandelé 

range (2006-2009) and the north-east range survey (2006) were obtained with permission 

from Durrell/SLFD. Prior to this study, sample points in the Mandelé range (n=96) and 

north-east range (n=100) were assigned unique identifier codes and geo-referenced in 

decimal degrees.   

 

Figure 3.2: Map showing all 100 sample points surveyed in the north-east range in 2006, of which 50 fell 

within and 50 outside of ravine habitat. 
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Raw WBT count data for each Mandelé range sample point and survey were converted to: 

 ER: encounter rate (number recorded per 15-minute count) 

 Occupancy: assumed presence/absence from 15-minute count 

 Max: maximum number recorded during a single 15-minute count  

As all sample points were visited once in the 2006 north-east range survey, Max was not 

appropriate and ER and occupancy used for following analysis. Summaries of the above 

count data variables for the Mandelé range and north-east range can be found in 

Appendix A and B respectively. 

  

All sample points and associated count data variables were imported into ArcMap v.9.1 

(ESRI®-ArcGISTM,-2005), projected in the UTM 20N reference system using the WGS1984 

datum, and stored as individual survey point shapefiles, for further processing and use.  

  

3.3   Testing WBT count data variables for normality  

Before analysing WBT count data, ER and Max were tested for normality via Q-Q plots 

and Shapiro-Wilk tests using the statistical package „R‟ v.2.8.1 (R-Development-Core-

Team-2008). This showed them to be non-normally distributed (Appendix-C) and 

accordingly, non-parametric statistical tests were subsequently applied on them 

throughout the study. 

 

3.4   Preliminary analysis of WBT abundance and occupancy  

 

3.4.1   North-east range versus Mandelé range 

Differences in ER between the north-east and Mandelé range (2006) were tested using a 

Wilcoxon rank-sum test (with continuity correction). Occupancy differences were tested 

with Chi-squared 2x2 contingency tables. Yates‟ continuity correction was not applied, as 

this often leads to overcorrection and considered necessary only if sample size is very 

small (Sokal-&-Rohlf-2000). Aforementioned comparisons were made between all 

Mandelé range sample points and a) north-east range sample points; b) north-east range 

ravine sample points. This was to account for previous studies finding WBTs to occur at 

much lower densities and occupancy levels in non-ravine areas within the north-east 

range (Babbs-et-al.-1987;-John-1995;-Temple-2005).  

 

3.4.2   Within Mandelé range  

Wilcoxon signed rank tests were used to test if ER was significantly different across 

survey year for all, DCG development and non-DCG development sample points. 

Differences in ER within (n=34) and outside (n=62) the DCG development site for each 
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survey year were assessed via Wilcoxon rank-sum tests (with continuity correction). For 

analysing occupancy, the same comparisons were made using chi-squared 2x2 

contingency tables (without Yates‟ continuity correction). 

 

3.5   WBT abundance surfaces for Mandelé range  

To visually represent and qualitatively investigate spatial patterns in WBT abundance and 

occupancy pre-development (2006) and post-development initiation (2007-2009), the four 

Mandelé point shapefiles created were converted to separate ER rasters with cell size 250 

x 250m (distance between two sample points).  

 

To explicitly visualise temporal change in abundance and occupancy, the „Raster 

Calculator‟ tool in ArcMap Spatial Analyst, was used to create raster change surfaces for 

ER between 2006-2007, 2007-2008, 2008-2009, and 2006-2009.    

  

3.6   Island-wide landscape-scale environmental variables  

Environmental variables (EVs) used in this study covering the entire extent of St. Lucia, 

were selected based on their recorded potential as determinants of WBT distribution in the 

existing literature and on discussions with experts in the field. However, EV selection was 

constrained by data availability, as is often the case in ecological-based studies (Osborne-

et-al.-2001). All provided shapefiles were produced before DCG development begun.  

 

EV processing and extraction were conducted within ArcMap. At all 196 sample points 

(north-east and Mandelé range), EVs were extracted either for the point itself, or a 250 x 

250m sample cell (distance between two sample points). Sample cells were created using 

Hawths Analysis Tools v.3.27 ArcMap extension (Beyer-2004), and EV values extracted 

to sample cells using the enclosed „Zonal Statistics‟ function.  

 

3.6.1   Topography 

Topography is a major determinant of vegetation structure, composition and cover, which 

all influence WBT distribution (Temple-2005). A 50m resolution digital elevation model 

was used to create rasters of slope and aspect. Aspect is a circular and numerically 

truncated variable and as such can not be treated as a simple continuous variable (Zar-

1999). For this study, aspect was transformed into two complementary variables: sine of 

aspect and cosine of aspect (Figure 3.3). Mean elevation (meters), slope (percentage), 

sine of aspect, and cosine of aspect were all extracted for each sample cell. 
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1 North 

Sine (aspect) East-West axis  

Figure 3.3: Derivatives of aspect 

 

   

 

  

 

 

 

 

 

 

 

3.6.2   Distance to coast 

The WBT is restricted to the eastern coast. In light of this fact, although an indirect EV, 

distance of sample point to the coast was determined with the aid of a coastline shapefile.  

 

3.6.3   Rivers and streams 

Riverine forest is a commonly reported habitat of the WBT (Temple-2005). A shapefile of 

the islands river and stream system was thus used to determine presence of river/stream 

in a sample cell, distance of sample point to nearest river/stream, and mean number of 

adjacent cells with a river/stream present.  

 

3.6.4   Roads 

As a proxy of disturbance, and human access, a road shapefile was used to derive length 

of main roads in a sample cell, distance of sample point to nearest main road, and mean 

number of adjacent cells with a main road present. Only main roads were used, as WBTs 

are reported to not be disturbed by tracks/footpaths (R.Young,-pers.comm.).  

 

3.6.5   Human settlements 

WBTs have never been reported in urban areas. A point shapefile of individual buildings 

was used to determine distance of sample points to nearest building. Using the „Point 

Density‟ tool in Spatial Analyst, a 250 x 250m cell-size raster was created of building 

density over a 2km moving window, and mean values extracted for each sample cell.  

 

3.6.6   Climate 

Although indirect at a landscape scale, climate is a strong determinant of vegetation 

structure and its distribution (Prentice-et-al.-1991). The following climatic rasters (cell-size: 

250 x 250m) were provided and mean values extracted to each sample cell:  

0 

0 

-1 South 

Cosine (aspect) North-South axis  

1 North 

-1 West 

1 East 
0 

0 
0 
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Table 3.1:  The nine main vegetation/land-use types of St. Lucia 

 Mean annual temperature: mean of weekly mean temperatures 

 Temperature seasonality: standard deviation of weekly mean temperatures 

(expressed as a percentage of the mean of those temperatures) 

 Total annual precipitation: sum of monthly precipitation estimates 

The rasters themselves were derived from 930m resolution climate grids available from 

the WorldClim database v.1.4 (www.worldclim.com). The protocol used to generate the 

WorldClim data-set is described in Hijmans-et-al.-(2005).  

 

3.6.7   Vegetation/land-use 

Ideally, EVs relating to vegetation/land-use type would be obtained via information 

collected in the field or remote-sensing. However, St. Lucia lacks a recent, detailed and 

accurate vegetation map from either source. The poor satellite image quality (Landsat and 

ASTER) of St. Lucia meant remotely sensed images could not be used to develop a 

supervised/unsupervised classification of vegetation/land-use type. In the absence of such 

data, a 9 class 1984 vegetation map (OAS;-organisation-of-American-states) was digitised 

in ArcMap and converted into a 250 x 250m cell-size raster (Appendix D; Table 3.1). 

Dominant vegetation/land-use type was extracted for each sample cell. Although old, this 

map was accurate at the time of production and believed to be a good representation of 

St. Lucia‟s current vegetation/land-use distribution at a broad spatial scale.  

 

Vegetation/land-use type Description 

Elfin woodland Found only at the top of Mount Gimie, typified by low-growing 

Didymopanax attentuatum and Chariathus coccineus.  

Primary rainforest With decreasing elevation, this zone changes from montane thicket to 

lower montane rainforest to transitional forest. 

Secondary forest Developed from previously cleared primary rain forest. Breadfruit 

trees, tree ferns, pioneer rainforest trees common. 

Dry Woodland Dry evergreen or semi-evergreen seasonal forest, typified by 

Tabebuia pallida, Pimenta racemosa and Pisonia fragrans. 

Scrub forest Composed of scattered, low-growing dense scrub. Characterised by 

Haematoxylum campechianum, Croton spp. and Calliandra slaneae 

Grassland/large-scale agriculture Pasture, arable fields, charcoal burners‟ clearings and plantations  

Small farming/rural Small-scale pastures, arable fields and plantations 

Mangrove No specific description provided 

Urban No specific description provided 

Adapted from Keith (1997) and Temple (2005) 
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Table 3.2: Island-wide landscape-scale environmental variables   

Table 3.2 summarises the island wide landscape-scale EVs created for this study. The 

abbreviations given in the first column are used hereafter in this study.   

 

 

3.7   Landscape-scale habitat selection across entire St. Lucian range 

To investigate the landscape-scale EVs (Table 3.2) associated with WBT occupancy 

across the entire known range of the St. Lucian subspecies, univariate analyses were 

conducted on all 196 sample cells. Specifically, Wilcoxon rank-sum tests were used to 

identify significant univariate differences between occupied (n=91) and unoccupied 

(n=105) sample cells for continuous EVs, and Chi-square 2X2 contingency tables used for 

categorical EVs. 

 

3.8   Landscape-scale habitat characteristics of WBT range versus St. Lucia  

Differences between the landscape-scale environment within the currently delineated 

WBT St. Lucian range and the whole island were determined as follows. EVs listed in 

Table 3.2 were extracted for every complete 250 x 250m cell representing the entire 

extent of St. Lucia, in the same manner explained in Section 3.6. Subsequently, Wilcoxon 

rank-sum tests were used to identify significant univariate differences between WBT range 

sample cells (n=196) and St. Lucia cells (n=9454) for continuous EVs, and Chi-square 

2X2 contingency tables used for categorical EVs. 

Abbreviation Description Unit Reference 

Elevation Mean elevation  Metre Section 3.6.1  

Slope Mean slope  Percentage Section 3.6.1 

Aspect_Cos Mean aspect (north-south axis) –  Section 3.6.1 

Aspect_Sine Mean aspect (east-west axis) – Section 3.6.1 

Dist_Coast Distance to nearest coastline Metre Section 3.6.2 

River_Presence Presence of river/stream   –  Section 3.6.3 

River_Adjacent Adjacent cells with river/stream present – Section 3.6.3 

Dist_River Distance to nearest river/stream Metre Section 3.6.3  

Length_MainRoad Length of main road  Metre Section 3.6.4 

MainRoad_Adjacent Adjacent cells with main road present – Section 3.6.4 

Dist_MainRoad Distance to nearest main road Metre Section 3.6.4 

Density_Building Mean building density over 2km window Buildings/cell
 

Section 3.6.5 

Dist_Building Distance to nearest building Metre Section 3.6.5 

Temp_Mean Mean annual temperature  °Centigrade Section 3.6.6 

Temp_Season Temperature Seasonality  °Centigrade Section 3.6.6 

Precip_Total Total annual precipitation  Millimetres Section 3.6.6 

VegLand-use Dominant vegetation/land-use type  – Section 3.6.7 



 

26 

3.9   St. Lucia habitat suitability model   

The following sections describe the methods used to build a WBT habitat suitability (HS) 

model and the ultimate production and analysis of an island-wide HS map for the species.  

 

3.9.1   Response variable and environmental predictors 

Based on discussions with senior members of the WBT survey team (M.Morton,-

pers.comm.;-R.Young, pers.comm.), the decision was made to fit the HS model with 

presence and absence data from the 2006 pre-development Mandelé and north-east 

range surveys (n=196). This dataset comprised 91 (46%) presences and 105 (54%) 

absences. Table 3.2 lists all environmental predictors (EPs) used to model WBT HS for 

St. Lucia. River_Adjacent and MainRoad_Adjacent were not included in the initial model.  

 

3.9.2   Spatial autocorrelation 

Presence of a species at a point in the landscape may not solely be dependent on 

suitable habitat, but also on the probability of con-specific presence at neighbouring 

points: a phenomenon known as spatial autocorrelation (Legendre-1993). Failure to 

account for this can lead to biased parameter estimates, resulting in diminished predictive 

performance (Legendre-1993). A preliminary Moran‟s I test, showed WBT occurrence to 

be autocorrelated (Moran's I = 0.172, Z-score = 3.193, P = <0.001). However, the decision 

was made to not add an autocovariate parameter (comprising a distance-weighted 

function of neighbouring response values) to the HS model. This decision is justified, as 

the spatial correlation structure for an entirely new, unobserved region cannot be readily 

derived, as would need to be done in this study (Dormann-et-al.-2007). Gibbs sampler 

and Markov chains methods (Augustin-et-al.-1996) do present means to overcome this 

issue, but were not investigated in this study, as there is a lack of clear guidance and 

rigorous testing in the literature regarding their usage (Dormann-et-al.-2007).   

 

3.9.3   GRASP 

The entire HS model was developed within „R‟ using the GRASP v.2.5-7 interface 

(Lehmann-et-al.-2008). A generalised additive model (GAM;-Hastie-&-Tibshirani,-1986) 

with binomial error structure and canonical logit-link function was produced. The full input 

code for GRASP to build the HS model can be found in Appendix E. 

 

3.9.3.1   Data exploration  

An important issue to consider before the building of any model is whether there is high 

colinearity between candidate variables (Lehmann-et al. 2002). Including highly correlated 
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variables in a model may mean relationships identified between individual variables are 

erroneous and makes coefficient estimates difficult to interpret (Crawley 2008). For this 

specific HS model, multicolinearity could cause problems in estimating additive surfaces 

(Suarez-Seoane-&-Garcia-Roves-2004). To avoid this issue, pairwise Spearman 

correlations were calculated for all EPs. None of the 15 EPs were sufficiently correlated 

(r>0.8) to justify variable removal from the modelling process (Appendix F). 

 

3.9.3.2   Model selection 

A starting GAM including all continuous EPs smoothed with 4 degrees of freedom (df) was 

fitted. Significant EPs were selected by generating alternative models using a backwards 

and forwards stepwise selection procedure, starting from a maximal model. The model 

showing the lowest amount of residual deviation and the lowest Akaike‟s Information 

Criterion value (AIC; Akaike 1974) was selected as the final, most parsimonious model.  

 

The potential issue of reduced predictive performance through over-fitting was addressed 

by reducing the df used where possible (Guisan-et-al.-2002). All EPs selected in the final 

model were entered into GRASP using two, three and four df. If explanatory power was 

maintained despite a reduction in df, the model with lower df was used. 

  

3.9.3.3   Model validation 

The final model was evaluated using two methods. The first method used regression of 

the observed response values against the values predicted by the model, and testing for a 

deviance from a slope of 1. The second method, which tests for model robustness was a 

5-fold split sample validation of the fitted model, a technique similar to, but more robust 

than jack-knifing (Fielding-&-Bell-1997). Data were divided into five groups drawn at 

random, then each group dropped in turn and predictions made for the excluded group 

based on the remaining 80% of data points.  

 

Receiver Operating Characteristic (ROC) curves were produced and model performance 

evaluated using the Area Under the ROC Curve (AUC) (Fielding-&-Bell,-1997). The AUC 

represents the probability of the model correctly classifying a randomly selected presence 

point and a randomly selected absence point. The AUC value ranges from 0 to 1. An AUC 

below 0.5 indicates a model that performs worse than expected by chance, an AUC of 0.5 

indicates a model that performs no better than chance, whereas a model scoring 1 fits the 

data perfectly. Table 3.3 shows the classification system of Araujo-et-al.-(2005), adapted 

from Swets-(1988) used to interpret AUC values in this study. AUC was chosen over other 

commonly used evaluation statistics of binomial model performance (e.g. Kappa statistics 
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Table 3.3: Classification system used to interpret AUC value 

and the Hosmer and Lemeshow test), because it is threshold independent (Zweig-&-

Campbell-1993) and mitigates artefactual effects (McPherson-et-al.-2004). Both final and 

cross-validated model AUC values were determined.  

 

 

 

 

 

 

 

 

3.9.3.4   Model interpretations  

Contribution of EPs were assessed using three methods: 1) Drop contributions: obtained 

by calculating the average change in residual deviance when dropping each EP from the 

final regression model; 2) Model contributions: measured by looking in turn at the 

contribution of each EP within the model, expressed as the amount of variation on the 

linear predictor scale that one EP can explain when all other EPs are kept at fixed values; 

3) Potential contributions: obtained by calculating the average change in residual 

deviance when building a model with a given EP alone (Lehman-et-al.-2002).  

 

3.9.3.5   Spatial predictions 

HS predictions based on the final model outputs for the whole of St Lucia were made 

within GRASP. To visualise the corresponding HS map, the GRASP prediction output (in 

ASCII format) was imported into ArcMap as a floating-point raster (resolution: 250 x 

250m). The resultant HS map displays the occurrence probability for the WBT from 0% 

(highly unsuitable)  to 100% (highly suitable) for every complete 250 x 250m cell 

representing the entire extent of St. Lucia (n=9454 cells). 

 

It is useful to identify a threshold value above which model outputs are considered to 

represent sites suitable for habitation, in order to aid interpretation and presentation of 

model results, and the identification of priority areas for conservation (Liu-et-al.-2005). 

There are many approaches to determining thresholds, and for this study the threshold 

value that maximised Cohen‟s kappa statistic of similarity (k;-Cohen-1960) was used. k 

measures the correct classification rate (proportion of correctly classified presences and 

absences) after the probability of chance agreement has been removed (Elith-et-al.-2006). 

This form of threshold is popular within ecology (e.g.-Huntley-et-al.-1995;-Pearson-et-al.-

2002) and has been identified as appropriate when targeting conservation planning, as it 

Model predictive ability AUC value 

Excellent AUC ≥0.90  

Good 0.80 ≤ AUC < 0.90 

Fair 0.70 ≤ AUC < 0.80 

Poor 0.60 ≤ AUC < 0.70 

Fail 0.50 ≤ AUC < 0.60 
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concentrates efforts in areas of higher suitability, where the chances of survival are likely 

higher. Using this threshold value, a binary (suitable/unsuitable) predictive map was 

created, and the area of St. Lucia predicted to be suitable for WBTs determined.  

 

3.10   Dynamic landscape-scale environmental variables: Mandelé range  

To investigate landscape-scale characteristics associated with WBT abundance and 

change in abundance with successive survey year within the Mandelé range, additional 

EVs to the ones listed in Table 3.2 were extracted to the 250 x 250m Mandelé range 

sample cells (n=96). The subsequent EVs differ to the ones listed in Table 3.2, as they are 

dynamic in nature (values change with each survey year).       

 

3.10.1   Neighbouring White-breasted Thrashers 

WBTs live in small-social groups, defending year-round territories and have short 

dispersal distances (Temple-2005). With this in mind, it was proposed that number of 

WBTs in a given sample cell would be a positive factor of WBTs in adjacent sample cells. 

Mean Max of adjacent cells for each sample cell and survey year was calculated.  

 

3.10.2   Normalised difference vegetation index (NDVI)  

The normalised difference vegetation index (NDVI) is a frequently used vegetation index 

that provides a standardised method of comparing vegetation lushness between satellite 

images, and can be used as an indicator of relative biomass and greenness (Chen-&-

Brutsaert-1998). The formula to calculate NDVI is: 

 

NDVI = (near infra-red band – red band) / (near infra-red band + red band) 
  

NDVI is more commonly used than a simple ratio of near infra-red and red bands, since it 

compensates for changing illumination conditions, slope and other factors (Lillesand-et-al. 

2008). Furthermore, the measurement scale has the desirable property of ranging from -1 

to 1. Vegetated areas give positive NDVI values up to 1 (typically 0.1-0.7), while the index 

for bare rock and soil would be around zero, and negative (close to -1) for clouds, water 

and snow. NDVI is a reliable estimator of vegetation status, although it can be sensitive to 

atmospheric conditions, sun position and background reflectance (Ramsey-et-al.-2002).  

 

3.10.2.1   Remote sensing data: Landsat 7 satellite images  

Landsat is a U.S. earth remote sensing satellite programme that has been running since 

1972. Its seventh mission, the Landsat 7 satellite, launched in 1999. The earth-observing 

sensor onboard is the Enhanced Thematic Mapper Plus (ETM+). Landsat 7 ETM+ images 

were used for this study as they have relatively high spatial resolution (30m). Furthermore, 
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they are radiometrically and geometrically corrected at source and available online via the 

Global Land Cover Facility (http://www.landcover.org). In 2003, the system‟s scan line 

corrector failed, and since then, raw images have major data gaps along parts of the 

satellite track. These gaps can be „filled‟ using images obtained in near dates. 

Accordingly, 13 Landsat 7 ETM+ scenes (three to four per survey) were acquired, with 

dates as close as possible to each survey (Table 3.4) and imported into IDRISI 

Kilimanjaro (Eastman-2003) for processing. 

 

    Table 3.4: Landsat 7 ETM+ scenes used, in order of gap-fill precedence for each survey year  

Path/row (WRS #) Date ID 

p233r051 (WRS 2) 24 November 2005 LE72330512005328EDC00 

p233r051 (WRS 2) 22 January 2004 LE72330512004022EDC01 

p233r051 (WRS 2) 29 March 2005 LE72330512005088EDC00 

p233r051 (WRS 2) 15 February 2007 LE72330512007046EDC00 

p001r050 (WRS 2) 2 November 2006 LE70010502006306EDC00 

p001r050 (WRS 2) 18 November 2006 LE70010502006322EDC00 

p233r051 (WRS 2) 18 February 2008 LE72330512008049EDC00 

p001r050 (WRS 2) 5 November 2007 LE70010502007309EDC00 

p233r051 (WRS 2) 30 November 2007 LE72330512007334EDC00 

p233r050 (WRS 2) 2 December 2008 LE72330502008337EDC00 

p233r051 (WRS 2) 2 December 2008 LE72330512008337EDC00 

p233r051 (WRS 2) 20 February 2009 LE72330512009051EDC00 

p233r051 (WRS 2) 25 April 2009 LE72330512009115EDC00 

 

The selected scenes were chosen as they left no gaps after gap-filling and were the best 

available in terms of negligible cloud cover within the Mandelé range and similarities in 

grey-scale. Atmospheric correction was used to reduce discontinuity of the gap-filled 

stripes, but remained readily noticeable and could potentially impact analysis. 

 

3.10.2.2   NDVI derived environmental variables     

IDRISI Kilimanjaro was used to convert the raw satellite images into 30m resolution NDVI 

surfaces for each annual survey. The raw satellite images did not have the highest level of 

processing, since „Terrain correction‟ data is restricted to U.S. Government and affiliated 

users. As such, a constant shift of around 60m between the NDVI images and geo-

referenced sample points was manually identified and corrected for in ArcMap. To exclude 

NDVI values of the Caribbean Sea, the „Extract by Mask‟ tool in Spatial Analyst was used 

to extract terrestrial NDVI values, using a coastline polygon shapefile as a „Mask‟.  
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Figure 3.4: NDVI surfaces of Mandelé range for each survey year 

The four calculated NDVI rasters are shown in Figure 3.4. Lighter shades of grey 

correspond to higher NDVI values, which reflect high photosynthetic activity. Bare ground 

appears as darker tones. From these rasters, mean NDVI and standard deviation of NDVI 

(a measure of habitat stability) were determined for each sample cell in order to have 

dynamic variables showing vegetation/land-cover change with successive survey year.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.10.3   DCG development site 

Using the NDVI surfaces, (whereby an NDVI value <0.1 was considered to be cleared of 

vegetation [Syartinilia-2008]), a shapefile of Le Paradis golf-course fairways up to the 
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Table 3.5: Landscape-scale environmental variables for Mandelé range models. Dynamic variables 

shaded in grey   

middle of 2007, and records of whether each sample point was located in intact or cleared 

habitat for each survey, the following dynamic EVs were produced: 

 Sample point intact or cleared of natural habitat 

 Proportion of adjacent cells cleared of natural habitat within development boundary 

 Proportion of adjacent cells cleared of natural habitat outside development boundary 

 

3.11   Modelling WBT abundance and change in abundance (Mandelé range) 

Table 3.5 summarises the EVs used as input for all subsequent Mandelé range models.   

 

 

 

To avoid multicolinearity, pairwise Spearman correlations were calculated for all EVs, as 

this method makes no assumptions about linearity in the relationship between two given 

Abbreviation Environmental variable Reference Model/s 

Elevation Mean elevation Section 3.6.1 1, 2 

Slope Mean slope  Section 3.6.1 1, 2 

Aspect_Cos Mean cosine of aspect (north-south axis) Section 3.6.1 1, 2 

Aspect_Sine Mean sine of aspect (east-west axis) Section 3.6.1 1, 2 

Dist_Coast Distance to nearest coastline Section 3.6.2 Removed 

River_Presence Presence of river/stream  Section 3.6.3 1, 2 

River_Adjacent Mean number of adjacent cells with 

river/stream present 

Section 3.6.3 1, 2 

Dist_River Distance to nearest river/stream Section 3.6.3 1, 2 

Length_MainRoad Length of main road  Section 3.6.4 1, 2 

MainRoad_Adjacent Mean number of adjacent cells with main 

road present 

Section 3.6.4 1, 2 

Dist_MainRoad Distance of to nearest main road Section 3.6.4 1, 2 

Density_Building Mean building density over 2km window Section 3.6.5 1, 2 

Dist_Building Distance to nearest building Section 3.6.5 1, 2 

Temp_Mean Mean annual temperature Section 3.6.6 1, 2 

Temp_Season Mean Seasonality  Section 3.6.6 1, 2 

Precip_Total Total annual precipitation  Section 3.6.6 1, 2 

WBT_Adjacent Mean Max in adjacent cells  Section 3.10.1 1, 2, 3 

NDVI Mean NDVI Section 3.10.2 1, 2, 3 

NDVI_std Standard deviation of NDVI Section 3.10.2 1, 2, 3 

DCG_Cleared Sample point intact or cleared Section 3.10.3 1 

DCG_Cleared_Adj Proportion of adjacent cells cleared within 

development boundary 

Section 3.10.3 1, 2, 3 

nonDCG_Cleared_Adj Proportion of adjacent cells cleared outside 

development boundary 

Section 3.10.3 1 
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variables (Zar-1999). Dist_Coast was highly correlated with Elevation (r = 0.822, P 

<0.001), Temp_Mean (r = -0.833, p<0.001) and Precip_Total (r = 0.807, p<0.001), and the 

decision made to not include Dist_Coast in subsequent models.   

 

3.11.1   Model 1: abundance with response to environment 

To increase understanding of EVs that influence WBT abundance, a generalised linear 

mixed model (GLMM) with poisson error distribution and canonical log-link function was 

fitted. Specifically, Max was modelled as a function of the EVs highlighted in Table 3.5, 

with survey year (time) and sample point (ID) fitted as random effects.  

  

3.11.2   Model 2: change in abundance with response to environment 

To investigate how change in abundance over successive surveys was influenced by the 

environment and ongoing DCG development, difference in Max was calculated between 

2006-2007, 2007-2008, and 2008-2009 and the mean value taken as the response 

variable. Positive values indicate an increase in abundance with successive survey year 

and negative values a decrease in abundance. Positive and negative responses were 

modelled separately via GLMMs with poisson error distribution and canonical log-link 

function, as models based on the poisson distribution can not include negative response 

values. These were rendered temporally positive to be incorporated into the model and 

parameter estimates and Z-values inverted for subsequent interpretation. Specifically, the 

magnitude of the numerical change in abundance was modelled as a function of EVs 

highlighted in Table 3.5, with survey year (time) fitted as a random effect.   

 

3.11.3   Model 3: abundance trend with response to environment 

A GLM with binomial error structure and canonical logit-link function (logistic regression) 

was used to understand how the overlying abundance trend was influenced by the 

ongoing DCG development (see Table 3.5 for EVs used). The model discriminated 

between EVs of sample plots that experienced an overall increase or no change in 

abundance and sample plots that experienced an overall decline. 

 

All GLMMs were fitted using the lme4 package (Bates-et-al.-2008) in „R‟, and all logistic 

regressions conducted within „R‟ too. Minimal adequate models were derived from the 

maximal model, via a backwards-forwards stepwise selection protocol, based on obtaining 

the lowest AIC value.    
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4. Results 

 

4.1   Spatio-temporal patterns of WBT populations  

In the 2006 north-east range point count survey, 26 sightings of WBT individuals and 

groups were recorded from the 100 sample points. In the 2006-2009 Mandelé surveys, 

134, 203, 153, and 139 sightings were made respectively, from the 96 sample points. 

 

4.1.1   North-east range versus Mandelé range (2006) 

Mean ER in the Mandelé range (x̄ = 1.38, SE = ± 0.08, n = 96) was greater than the north-

east range (x̄ = 0.36, SE ± 0.14, n = 100) (W = 2396.5, P < 0.001). Within the north-east 

range, ER at ravine stratum sample points was higher (x̄ =-0.54,-SE-=-±-0.13,-n-=-50) 

than that of non-ravine stratum sample points (x̄ = 0.18,-SE-=-±-0.07, n-= 50) (W-=-1011,-

P-<-0.025), but lower than Mandelé sample point ER (W-=-1429.5,-P-<-0.001).  

 

Proportional occupancy of sample points was markedly different between the two ranges, 

being far higher in the Mandelé range (71%,-n-=-68) than the north-east range (23%,-n-=-

23) (X²-=-45.06,-P-<-0.001). Within the north-east range, ravine sample point occupancy 

(32%,-n-= 16) was higher than in the non-ravine stratum (14%,-n-=-7) (X²-=-4.57,-P-<-

0.033), but lower than Mandelé sample point occupancy (X²-=-20.29,-P-<-0.001). 

 

4.1.2   Within Mandelé range (2006-2009) 

ER between survey years did not remain constant (Figure-4.1;-Table-4.1). From 2006 to 

2009, mean ER of all sample points declined, predominantly attributed to a fall in ER of 

26% between survey years 2007 and 2008. For non-DCG development sample points, ER 

was not different with respect to survey year and exhibited no increase or decrease with 

time. This was in contrast to ER at sample points within the DCG development site 

boundary, where ER declined from 2006 to 2009, with the most noticeable drop of 44% 

occurring between 2007 and 2008. In both 2006 and 2007, ER was greater at DCG 

development sample points than non-DCG development sample points, and vice versa in 

2008 and 2009, although this was not significant.  
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Table 4.1: Pairwise comparisons (Wilcoxon signed rank tests, W) of White-breasted Thrasher ER (mean ± 

1SE) in the Mandelé range for 2006-2009 surveys, for all, non-DCG development and DCG development 

sample points. Mean and SE reported are the values corresponding to the first year of the associated 

pairwise comparison. Significant results (P-value <0.05) given in bold.   

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Similar spatio-temporal trends to ER were found for the proportion of sample points 

occupied by WBTs between survey years (Figure 4.2; Table 4.2). Occupancy of all and 

DCG development sample points declined from 2006---2009, attributed to a noticeable 

drop in occupancy of 8% and 30% respectively between 2007 and 2008.  Occupancy for 

non-DCG development sample points exhibited no obvious change with successive 

survey year. Occupancy was greater at DCG development sample points than non-DCG 

development sample points in 2006 and 2007, and the converse true in 2008 and 2009, 

although this was not significant.     

 
Encounter rate 

 All (n=96) non-DCG (n=62) DCG (n=34) 

 x̄  SE W P x̄  SD W P x̄  SD W P 

2006-2007 1.38 1.37 1548 0.974 1.28 1.36 642 0.843 1.54 1.41 200 0.800 

2007-2008 1.40 1.61 1746 0.007 1.35 1.70 626 0.126 1.50 1.45 286 0.020 

2008-2009 1.04 1.35 1085 0.937 1.09 1.40 365 0.391 0.94 1.27 193 0.224 

2006-2009 1.03 1.40 1884 0.007 1.20 1.52 638 0.437 0.69 1.11 330 <0.001 

Figure 4.1: White-breasted Thrasher ER (mean ± 1SE) in the Mandelé range for 2006-2009 surveys. All = 

all sample points (n=96), non-DCG = non-DCG development sample points (n=62), and DCG = DCG 

development sample points (n=34) 
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Table 4.2: Pairwise comparisons (Chi-square, X
2
) of White-breasted Thrasher occupancy in the Mandelé 

range for 2006 -2009, for all, non-DCG development site and DCG development site sample points. Reported 

percentage (n) occupancy, are the values corresponding to the first year of the associated pairwise 

comparison. Significant results (P-value <0.05) given in bold.     

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figures 4.3 and 4.4 show spatial and temporal patterns of WBT ER respectively in the 

Mandelé range, for each sample point and survey conducted. Key qualitative findings from 

these maps are as follows. In 2006, ER was highest at points in the centre, south and 

west of the survey region. Between 2006 and 2007, there seemed to be a shift in 

distribution, with an apparent increase in the numbers of WBTs recorded at points in the 

west of the Mandelé range and a possible decrease in the east. In 2007 there was a 

noticeable increase in ER at a cluster of sample points in the north-west of the Mandelé 

range, which was subsequently not present in 2008 and 2009. In both 2006 and 2007, 

 
Occupancy 

All (n=96) non-DCG (n=62) DCG (n=34) 

% (n) X
2
 P % (n) X

2
 P % (n) X

2
 P 

2006-2007 70.8 (68) 0.39 0.533 66.1 (41) 0.55 0.457 79.4 (27) 0.00 1.000 

2007-2008 66.7 (64) 0.57 0.425 59.7 (37) 0.31 0.579 79.4 (27) 4.30 0.038 

2008-2009 61.5 (59) 0.20 0.659 64.5 (40) 0.15 0.710 55.9 (19) 0.06 0.808 

2006-2009 58.3 (56) 3.28 0.070 61.3 (38) 0.31 0.575 52.9 (18) 5.32 0.021 
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Figure 4.2: White-breasted Thrasher occupancy in the Mandelé range for 2006-2009 surveys. All = all sample 

points (n=96), non-DCG = non-DCG development sample points (n=62), and DCG = DCG development sample 

points (n=34) 



 

37 

Figure 4.3: Raster surface of White breasted Thrasher encounter rate (number recorded per 15 minute 

count) for each sample point and survey year in the Mandelé range.  

areas of very high WBT abundance (ER = 5-7) fell inside the DCG development boundary, 

but, whereas in 2006 such areas were found in the centre of the development site, in 2007 

this had shifted to just within the north-west boundary, moving just outside the boundary in 

2008 and 2009. For all survey years, WBTs were noticeably scarcer in the north of the 

Mandelé range, particularly to the north and east of urban development unsuitable for 

WBTs (Bordelais Correctional Facility).  
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Figure 4.4: Raster surface of change in White breasted Thrasher encounter rate for each sample point in 

the Mandelé range between 2006-2007, 2007-2008, 2008-2009 and 2006-2009.  

 

 

4.2   Landscape-scale habitat selection across entire St. Lucian range 

Univariate tests (Table 4.3) indicated that elevation, south-facing slopes, distance to 

coastline, and distance to buildings were greater at occupied than unoccupied sample 

cells. Conversely, distance to main road and building density were greater at unoccupied 

sample cells. 
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Table 4.3: Landscape characteristics (mean and standard deviation) and univariate comparisons (Wilcoxon 

rank-sum statistic for continuous variables, Chi-square tests for categorical variables) of WBT occupied and 

unoccupied sample cells. See Table 3.2 for variable definitions. 

Table 4.4: Vegetation/land-use types occupied by the WBT 

 

 

 

 

WBTs showed non-random distribution with respect to dominant vegetation/land-use type 

(Table 4.4).  They occurred more frequently than expected in scrub forest, less frequently 

than expected in primary rainforest, grassland/large-scale agriculture, small farming/rural 

and dry woodland, and were absent from secondary forest (X²-=-333.46,-df-=-5,-P-<-

0.001). There was no difference in the dominant vegetation/land-use types found at 

occupied and unoccupied sample cells. 

 

 

4.3   Landscape-scale habitat characteristics of WBT range versus St. Lucia 

Univariate tests (Table 4.5) indicated that slope, east-facing facing slopes, distance to 

main road, distance to buildings, mean annual temperature and temperature seasonality 

  Occupied (n=91)  Unoccupied (n=105)  W/ χ
2
 P 

Variable  x̄  SD  x̄  SD    

          

Elevation  94.94 54.55  70.96 49.03  W = 6018 ** 

Slope  18.37 8.27  20.92 10.59  W  = 4097 –  

Aspect_Cos  -0.22 0.65  -0.02 0.55  W  = 3770 * 

Aspect_Sine  0.31 0.32  0.28 0.41  W  = 4648 – 

River_Length  129.86 159.22  146.93 170.94  W  = 4425.5 – 

Dist_River  196.94 188.32  194.84 196.32  W  = 4856 – 

Dist_Coast  838.57 468.70  690.42 476.88  W  = 5662 * 

Length_MainRoad  33.60 92.53  13.53 61.29  W  = 5105 – 

Dist_MainRoad  1472.81 1572.97  2901.39 1930.08  W  = 2832 *** 

Density_Building  7.01 15.08  8.99 27.97  W  = 6054.5 ** 

Dist_Building  719.51 414.87  597.63 381.51  W  = 3814 * 

Temp_Mean  25.15 0.63  25.13 0.44  W  = 5070 – 

Temp_Season  0.77 0.42  0.68 0.41  W  = 5470 – 

Precip_Total  1941.69 39.50  1944.04 35.42  W  = 4448 –  

River_Presence  48.4% –  51.4% –  Χ
2 

= 0.19 – 

Bold type denote significant results: “–“ = P >0.05, * = P <0.05, ** = P <0.01, *** = P <0.001         Χ
2 

df = 1 

Vegetation/land-use type Occupied (n=91)  

% (n) 

Unoccupied (n=105) 

% (n) 

Χ
2
 df P 

Primary rainforest  2.2 (2)  1.0 (1)  0.50 1 >0.05 

Secondary forest 0.0 (0)  5.7 (6)  3.61 1 >0.05 

Grassland/large-scale agriculture 5.5 (5)  4.8 (5)  0.05 1 >0.05 

Small farming/rural 1.1 (1)  3.8 (4)  1.44 1 >0.05 

Scrub forest 87.9 (80) 79.0 (83) 2.74 1 >0.05 

Dry Woodland 3.3 (3)  5.7 (6)  0.65
 
 1 >0.05
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Table 4.5: Landscape characteristics (mean and standard deviation) and univariate comparisons 

(Wilcoxon rank-sum statistic for continuous variables, Chi-square tests for categorical variables) of WBT 

range cells and island cells. See Table 3.2 for variable definitions. 

Table 4.6: Comparison of dominant vegetation/land-use type found in WBT range cells and island cells 

were greater at WBT range cells than island cells. Conversely, elevation, distance to river, 

distance to coast, building density and total precipitation were greater at island cells.   
 

 

 

 

A greater proportion of WBT range cells had scrub forest as the dominant vegetation/land-

use type in comparison to island cells, whereas island cells had greater proportions of 

primary rainforest, secondary forest, grassland/large-scale agriculture, small farming/rural, 

and urban areas (Table 4.6). No WBT range cells occurred in areas dominated by elfin 

woodland, urban or mangrove habitat.  

 

  WBT range (n=196)  Island (n=9454)  W/ χ
2
 P 

Variable  x̄  SD  x̄  SD    

          

Elevation  82.10 52.91  164.25 131.94  W = 589078 *** 

Slope  19.73 9.64  17.26 13.84  W = 112347 *** 

Aspect_Cos  -0.11 0.60  -0.04 0.58  W = 854727 – 

Aspect_Sine  0.29 0.37  0.04 0.56  W = 1160935 *** 

Dist_River  195.82 192.16  213.88 199.95  W = 848572 * 

Dist_Coast  759.20 477.67  3222.47 2300.97  W = 291317 *** 

Length_MainRoad  22.85 77.82  31.58 89.02  W = 893418 – 

Dist_MainRoad  2238.12 1907.60  1230.04 1188.89  W = 1188195 *** 

Density_Building  8.07 22.87  70.37 118.30  W = 448476 *** 

Dist_Building  662.92 403.34  445.27 512.86  W = 1312040 *** 

Temp_Mean  25.17 0.54  24.46 0.92  W = 1367175 *** 

Temp_Season  0.72 0.42  0.51 0.44  W = 1192371 *** 

Precip_Total  1942.95 37.29  2061.84 158.09  W = 387419 *** 

River_Presence  50% –  47.62% –  χ
2 

= 0.436 – 

Bold type denote significant results: “–“ = P >0.05, * = P <0.05, ** = P <0.01, *** = P <0.001    Χ
2 

df = 1 

Vegetation/land-use type WBT range (n=196) Island (n=9454) Χ
2
 df P 

Elfin woodland 0.0 (0) 0.2 (18) 0.37 1 – 

Primary rainforest 1.5 (3) 12.6 (1193) 21.74 1 *** 

Secondary forest 3.1 (6) 14.3 (1347) 19.93 1 *** 

Grassland/large-scale agriculture 5.1 (10) 14.9 (1407) 14.66 1 *** 

Small farming/rural 2.6 (5) 31.9 (3020) 77.09 1 *** 

Scrub forest 83.2 (163) 18.3 (1733) 511.23 1 *** 

Dry Woodland 4.6 (9) 3.0 (286) 1.59 1 – 

Urban 0.0 (0) 4.2 (401) 8.67 1 ** 

Mangrove 0.0 (0) 0.5 (49) 1.02 1 – 

“–“ = P >0.05, * = P <0.05, ** = P <0.01, *** = P <0.001 
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AUC = 0.90 

4.4   Habitat suitability model 

Of the 15 candidate EPs (Table 3.2), eight were removed during the stepwise selection 

procedure, as they conferred no explanatory power to the model, and seven were 

retained. Specifically, the stepwise selection of EPs for WBT HS selected the following, 

most parsimonious model: 

 

WBT HS: River_Presence + s(Dist_Coast,4) + s(Dist_MainRoad,4) + s(Density_Building,4) + 

s(Temp_Mean,4) + s(Temp_Season,4) + s(Precip_Total,4) 

 

Where s = spline smoother; 4 = df for the spline smoother (see Table 3.2 for EP definitions).  

 

The model had a reasonable fit to the data as the proportion of deviance explained by the 

model (D2) was found to be 39%. AUC was 0.90 (Figure 4.5a), which can be interpreted 

as indicating excellent model discrimination ability according to the guidelines of Swets 

(1988) (Table 3.3). An AUC of 0.90 suggests that in the final model, a cell predicted as 

suitable habitat, at any threshold of suitability, will be more suitable than a randomly 

selected cell in the study area at least 90% of the time. The corresponding cross-

validation AUC was also high (AUC = 0.82, Figure 4.5b), but lower than the model AUC by 

0.08.  
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Figure 4.5: Receiver operating characteristic plots and associated AUC values of a) training data and b) 

cross validation data. Sensitivity is the true positive fraction for each threshold in the data, and 1 – 

specificity is the false-positive fraction for each unique threshold in the data. The diagonal line 

represents model performance that would be expected by chance alone (AUC = 0.50). 
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The proportional contribution of each EP to the final HS model is shown in Figure 4.6. 

When dropping each predictor from the final model, Dist_MainRoad, Temp_Mean and 

Dist_Coast were shown to be the dominant EPs whose contribution (20.6%,19.3% and 

18.8% respectively) to the model could not be compensated for by a combination of other 

EPs (Figure 4.6a). Inside the model, Density_Building contributed the most to the model 

predictions (17.3%, Figure 4.6b). The alone contribution showed the potential of each EP 

to explain WBT HS. Here Dist_MainRoad again proved to be the principal contributor 

(35.2%, Figure 4.6c). In this model, River_Presence was found to give the least significant 

contribution when both removed and introduced alone to the model. 

 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 shows the HS map created with the final model.  

 

 

 

 

Figure 4.6: Contribution of selected environmental predictors in modelling White-breasted Thrasher 

habitat suitability, a) when dropped from the final model, b) inside the model, c) on their own. 

 

a) b) c) 
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k  

It can clearly be seen that suitable habitat for the WBT based on the retained EPs is 

essentially found in relatively close proximity to the coast and distinctly absent from the 

central region of the island. The map shows a number of patches of varying levels of HS 

along the entire length of the east coast, with suitability hotspots located to the north of the 

north-east range, between the two currently delineated ranges, within the currently known 

Mandelé range and nearby vicinity, and in the south-east corner of the island. Substantial 

Figure 4.7: Habitat suitability map for the St. Lucian White-breasted Thrasher corresponding to the final model. 

Current delineated range shown. 
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areas deemed suitable for the WBT were identified to the west of the island as well, which 

display sharp cut-off points. Suitable areas were noticeably absent along the north-west 

coast. The most suitable areas appear to be considerably fragmented from each other by 

less suitable habitat. In particular, suitable areas on the west coast are severely isolated 

from suitable areas on the east coast, where the only two known subpopulations on the 

island exist.    

 

Figure 4.8, shows the binary HS map produced using the maximum k value (calculated as 

0.57) as the objective threshold when discriminating between occupied and unoccupied 

areas from the predictions. The total area of habitat more suitable than the threshold was 

determined to be 71 km² (Figure 4.9), which equates to some 12% of the total area of St. 

Lucia studied (591 km²).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 
Figure 4.8: Binary predictive map of suitable/unsuitable habitat for the St. Lucian White-breasted Thrasher using the k 

maximisation threshold value (0.57). Current delineated range shown.  
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Table 4.7: Environmental variables found to significantly influence White-breasted Thrasher abundance (Max), 

derived from a GLMM (Model 1). SE = standard error. See Table 3.5 for variable definitions 
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4.5   Relationship between landscape and spatio-temporal patterns in 

aaaaaaabundance 

Three EVs were associated with WBT abundance (Model 1; Table 4.7). Specifically, Max 

was found to be positively influenced by number of WBTs in adjacent sample cells and the 

proportion of adjacent sample cells cleared within the DCG development boundary, whilst 

being negatively affected by the clearance of native vegetation at a given sample point. 

 
 

 

Six EVs were associated with a positive change in WBT abundance (Max) with survey 

year (Model 2; Table 4.8). Elevation, west-facing slopes, NDVI, number of WBTs in 

adjacent sample cells and proportion of adjacent sample cells cleared within the DCG 

development boundary positively affected positive change in WBT abundance. 

Conversely, standard deviation of NDVI was found to negatively influence positive change 

in abundance.  

 

 

 

               Parameter estimate SE Z value P value 

WBT_Adjacent                    0.359 0.041   8.698 <0.001 *** 

DCG_Cleared                 -1.200 0.244 - 4.911 <0.001 *** 

DCG_Cleared_Adj                        1.287 0.362   3.561 <0.001 *** 

“–“ = P >0.05, * = P <0.05, ** = P <0.01, *** = P <0.001 

Figure 4.9: Cumulative area of suitable habitat in each habitat suitability class. The vertical bar marks the 

threshold value (57%) above which habitat is deemed suitable.  
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Table 4.8: Environmental variables found to significantly influence a positive change in White-breasted 

Thrasher abundance (Max) with survey year, derived from a GLMM. SE = standard error. See Table 3.5 for 

variable definitions 

 

 

 

 

 

 

 

 

 

No EVs correlated significantly with negative changes in WBT abundance with respect to 

survey year (P>0.05 for all EVs). 

 

Only standard deviation of NDVI influenced the overarching trend in abundance (Max) 

with advancing survey year, and this was in a negative manner (Figure 4.10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Full minimal adequate model outputs from „R‟ for each of the aforementioned models can 

be found in Appendices G-I. 

                      Estimate  S.E Z value   P value     

Elevation                    0.008 0.002   5.277 <0.001   *** 

Aspect_Sine             -0.552 0.212  -2.607   0.009     ** 

NDVI                2.514 0.681   3.690 <0.001   *** 

NDVI_std        -3.677 1.223  -3.007   0.003     ** 

WBT_Adjacent  0.139 0.060   2.320   0.020     * 

DCG_Cleared_Adj  2.056 0.609   3.376 <0.001   *** 

“–“ = P >0.05, * = P <0.05, ** = P <0.01, *** = P <0.001 

Figure 4.10: Relationship between White-breasted Thrasher negative and positive trend in abundance (Max; 

WBT_trend) and standard deviation of NDVI (NDVI_std), based on a logistic regression. Parameter estimate 

= -25.179, standard error = 8.476, Z value = -2.971, P value = <0.010.   
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5. Discussion  

 

5.1   Pre-development conditions 

 

5.1.1   North-east range versus Mandelé range 

The north-east range was long believed to be the stronghold of the St. Lucian WBT 

population (John-1995). However, based on survey data collected in 2006, this study 

found both WBT abundance and occupancy to be far lower in the north-east range than 

the Mandelé range, in accordance with Temple-(2005). This finding emphasises both the 

potential vulnerability of the north-east subpopulation to proposed tourist resort 

developments, and the importance of the Mandelé subpopulation for the long-term 

persistence of the St. Lucian subspecies.   

 

As to why there are such marked differences in abundance and occupancy between the 

two ranges is beyond the scope of this study and remains unknown. However, it has been 

suggested that the north-east subpopulation may be under greater pressure from non-

native predators than the Mandelé subpopulation (M.Morton,-pers.-comm.). 

 

Within the north-east range, the vast majority of WBTs were observed in forested ravines. 

This is in agreement with previous studies, where WBTs were thought to breed 

exclusively in riparian forest, making only occasional foraging excursions to adjacent 

scrub habitat (Babbs-et-al.-1987;-John-1995;-Temple-2005). Taking this into 

consideration, it is possible that the 9 WBTs recorded in scrubland in the 2006 survey 

were not breeding residents. The ravines within which WBTs were found are separated by 

considerable distances (>500m). It is possible that individuals in a particular ravine are 

isolated from those in other ravines, as a consequence of their proven limited dispersal 

capabilities (Temple-et-al.-2006). As such, WBTs within this range may exist in very small 

clusters, highly prone to stochastic events that reduce population persistence (Frankham-

1996;-Keller-&-Waller-2002). This may partly explain why the north-east subpopulation is 

observed to be declining (Temple-2005).   

 

5.1.2   Landscape-scale habitat selection across entire St. Lucian range 

Within the north-east and Mandelé range, WBTs occurred preferentially in areas away 

from the coast where elevation is higher. A unique vegetation community is located by the 

coast that is tolerant to salt spray and coastal trade winds (R.Young,-pers.comm.). Such 

an environment may be suboptimal for the species, and as such, they may actively avoid 
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it. WBT occupancy was negatively associated with building density and positively 

associated with distance to buildings. This concurs with Temple-(2005), who deemed 

urban areas unsuitable for the species. WBTs were also found to prefer south-facing 

slopes. Whilst not unexpected, explaining the processes underpinning such a relationship 

is difficult. Aspect may potentially be acting as a surrogate for finer-scale habitat 

conditions that were not explicitly measured in this study.  

 

WBTs were identified as being selective regarding habitat-type. The species showed a 

marked preference for scrub forest (88% of all occupied training cells) and an aversion to 

areas of open country, farmland and plantations. This is consistent with the existing 

literature (Babbs-et-al.-1987;-Collar-et-al.-1992;-Keith-1997;-Temple-2005). However, 

whereas previous studies also stress the importance of dry woodland for the species, this 

study found WBTs to occur less often than expected in dry woodland. In addition, WBTs 

were deemed to be present in primary rainforest, despite no prior studies finding this. 

These contradictions likely arise from the fact that habitat-type relationships found in this 

study were derived from a broadly classified vegetation map that was likely to be out-of-

date, rather than in-the-field observations.  

 

When comparing occupied and unoccupied sample cells in the presumed favoured 

habitat-type, scrub forest, WBTs were recorded absent at approximately the same 

frequency they were recorded present. Based on the rigorous survey design employed to 

count WBTs, this is unlikely to be as a result of non-detection. As such, it is either an 

indication that WBTs do not utilise all areas suitable for them, or that such sites classified 

as scrub forest according to their gross habitat characteristics were inappropriate based 

on finer-scale habitat conditions. 

 

5.1.3   St. Lucia habitat suitability model 

It is vital to emphasise that the HS map produced in this study is not a map of WBT 

distribution, but a predictive map of suitable habitat, built using presence and absence 

data from the WBTs known St. Lucian range and selected landscape-scale EPs. Like 

other relatively large-scale HS modelling studies, choice of EPs was limited by availability 

(Osborne-et-al.-2001). However, selected EPs covered a broad spectrum, increasing the 

likelihood of predicting the WBTs true fundamental niche, and resulting in the production 

of a HS model with „excellent‟ predictive performance (Swets-1988).    

 

Dominant vegetation/land-use type is a commonly retained and informative EP in HS 

modelling (e.g.-Ray-et-al.-2002;-Davis-et-al.-2007;-Parsons-et-al.-2009). However, this 
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particular EP was not included in this studies final HS model, despite its known 

importance for the species (Temple 2005). Its exclusion likely occurred from limitations 

arising from the vegetation map used (discussed in Section 5.1.2.)  

 

Predicted suitable WBT habitat was coastal in distribution, which is consistent with the fact 

that WBTs have never been encountered more than 3 km inland (Ernest-2007). However, 

the north-west coast was deemed unsuitable, likely linked to it being the most urban area 

of the island. It was surprising to find that the HS map displayed few highly suitable areas 

within the north-east range. This may indicate that WBTs within this range are living in 

suboptimal habitat, or that some unmeasured EP makes this range suitable for them. The 

vast majority of the Mandelé range was predicted as highly suitable, signifying the areas 

importance for the St. Lucian subspecies. It was both interesting and reassuring to find 

areas of high HS just to the west and south of the Mandelé range, as infrequent WBT 

sightings have been made there in the past (Temple-2005;-Young-et-al.-in-press). An 

unexpected discovery was the prediction of optimal habitat between the two currently 

delineated ranges. No WBTs have been reported in this area before, and the two ranges 

were presumed to be isolated from each other (Temple-2005).  

 

It is recommended that the west coast HS prediction is treated with a degree of caution. 

Although substantial areas deemed suitable for the WBT were identified along the west 

coast, they displayed sharp cut-off points, suggesting such areas may have been affected 

by extrapolation and so misclassified in certain places (Pearson 2007). For instance, 

areas of high HS were predicted to occur at the highest point of the island, which is 

located near the west coast, despite the fact that WBTs are lowland birds (Temple-2005). 

Issues regarding extrapolation were not entirely unexpected. Out of 9454 pixels, 196 were 

actually sampled and used as training data, equating to 2% of the study site – specifically 

the eastern coast. Therefore, mean EP values within training cells were more often than 

not significantly different to those of the entire island, with mean EP values of the entire 

island spanning outside the range of values the model was built on.  

 

Transferability, that is, correctly extrapolating predictions to areas with little or no 

sampling, is rarely considered in HS studies (Randin-et-al.-2006), but has been discussed 

for the case of GAMs (Power-1993;-Guisan-&-Theurillat-2000;-Randin-et-al.-2006). Such 

studies conclude that predictive models derived from GAMs show relatively weak 

transferability in geographical space, due to local or regional variations in species‟ 

responses to the environment, and GAMs tendency to overfit the data. However, in this 

study, the model was only applied to St. Lucia and training data was taken from the 



 

50 

broadest possible environmental range. As such, transferability was maximised. There 

was only a slight decline in power detected when cross-validated, indicating only a small 

reduction in model accuracy when predicting the occurrence of WBTs elsewhere within 

the range of EPs used (Lehman-et-al.-2002). 

 

A species is said to be at equilibrium with the physical environment if it occurs in all 

suitable areas, while being absent from all unsuitable areas (Pearson-2007). It may not be 

reasonable to assume that the WBT is in close equilibrium with its environment, due to 

constraints arising from biotic interactions and dispersal limitations (Pearson-2007;-

Temple-2005). It should therefore be acknowledged that the HS map produced may be an 

underestimation of the full extent of suitable habitat on St. Lucia.  

 

The HS map created provides a snapshot in time of the distribution of suitable habitat for 

the WBT (Guisan-&-Zimmerman-2000). Land-cover on St. Lucia is dynamic as a result of 

processes such as anthropogenic land conversion and natural events such as hurricanes 

and fires. Therefore, it must be appreciated that the map produced in this study will have 

to be recalculated periodically in order to follow the evolution of suitable habitat over time 

in the presence of ongoing natural and anthropogenic landscape modification.  

 

To further increase predictive performance in future HS modelling attempts, there is a real 

need for the production of an up-to-date and sufficiently detailed classified vegetation map 

of St. Lucia. Promising steps are currently being made in St. Lucia that could turn this into 

reality. Such steps include the acquisition of high-resolution QuickBird imagery (2.8m) of 

the island by a current inventory project, and attempts to conduct an island-wide 

vegetation community analysis – including ground-truthing data and determination of full 

floristics at c.300 points across the island (M.Morton,-pers.comm.). To prevent any 

potential extrapolation issues in the future, predictive HS models should only be applied to 

the environmental ranges used to create them (Barbosa et. al.-2009). 

 

Despite acknowledged limitations, the HS map produced in this study conveys an 

important amount of information regarding the spatial pattern of suitable habitat for the 

WBT at the landscape-scale, which was previously unknown. The modelling protocol 

utilised in this study is easily reproducible and will allow maps to be updated periodically 

as more WBT monitoring data and relevant environmental data are collected and made 

available. 
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5.2   Response to tourist development by Mandelé subpopulation 

Previous studies have shown that when tourist developments or golf courses are built in 

areas of natural habitat, the resulting fragmented landscape is of reduced value to bird 

species of conservation concern (e.g.-Terman-1997;-LeClerc-&-Cristol-2005;-Yasué-&-

Dearden-2006;-Hodgkison-et-al.-2007). The results from this research are in agreement 

with such studies. As construction of the Le Paradis tourist resort advanced with time, 

both WBT abundance and occupancy were found to decline across all sample points, with 

this detected trend attributed to declines inside rather than outside the development site. 

In addition, WBT abundance and occupancy went from being greater within the 

development boundary in 2006 and 2007, to greater outside the development boundary in 

2008 and 2009.  

 

WBTs were found to respond negatively to native vegetation clearance within the 

development site, through discovering: a) a negative relationship between clearance of 

native vegetation at a given sample point and WBT abundance, and b) a positive 

relationship between NDVI value and positive change in WBT abundance with survey 

year. Related to this, WBTs favoured stable areas of natural habitat, surmised from finding 

a negative relationship between standard deviation of NDVI and positive change and 

trend in WBT abundance with survey year.  

 

The immediate effect of native vegetation clearance within the development boundary 

most likely involved WBTs being permanently displaced from their territories (Hagan-et-

al.-1996). This was backed up by the temporal distribution maps, which indicated a spatial 

shift in abundance in a northerly and westerly direction across the Mandelé range, 

consistent with individuals moving away from areas cleared of vegetation and towards 

intact habitat. Displacement behaviour was also evident from finding elevation (which 

increases westwards across the Mandelé range) to be positively related to positive 

change in WBT abundance with survey year. Such evidence of displacement may partly 

explain the decline in abundance with successive survey year recorded in the Mandelé 

range. Rather than being the result of an actual reduction in size of the Mandelé 

subpopulation, the observed decline may instead point towards some of the subpopulation 

having moved outside the range boundary. This is further backed by relatively high 

abundance-levels found between 2007 and 2009 at the westernmost range boundary.  

 

Although beyond the scope of this study, there was preliminary evidence suggesting that 

the „crowding effect‟ phenomenon was occurring within the Mandelé range. This was 
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specifically inferred from the positive relationship found between number of adjacent 

sample points within the development boundary cleared of native vegetation and: a) WBT 

abundance; b) positive change in WBT abundance with survey year. Such findings are an 

indication that displaced individuals were forced into remaining habitat post-fragmentation, 

as shown in other studies (Bierregaard-et-al.-1992;-Schmiegelow-et-al.-1997;-Debinski-&-

Holt-2000). Potential biological consequences of this for the WBT include increased intra-

specific competition for resources and territories, decline in condition, and reduced 

reproductive success (Hagan-et-al.-1996;-Lens-et-al.-2002). 

 

The largest reduction in both WBT abundance and occupancy occurred between the 2007 

and 2008 surveys within the development boundary. This seems to account for the overall 

trend observed across all sample points and survey years. Why such a noticeable decline 

occurred between these two years can not be derived from this study. However, the most 

extensive period of habitat clearance happened between early 2006 and 2007. As such, 

this observation indicates a time lag between clearance of native vegetation and decline in 

WBT numbers. This large decline may provide further evidence of „crowding effects‟, as 

previous studies have shown how crowding immediately post-fragmentation is typically 

followed by relaxation or population crash in subsequent years (e.g.-Bierregaard-et al. 

1992;-Schmiegelow-et-al.-1997). 

 

A strong positive relationship was found between WBT abundance at adjacent sample 

points and: a) WBT abundance at a given sample point, b) positive change in WBT 

abundance at a given sample point. This is not surprising as the species is subject to 

„intrinsic‟ spatial structuring (e.g. social clustering; dispersal limitations) and „extrinsic‟ 

spatial structuring (e.g. restricted habitat distribution), likely exacerbated by the Le Paradis 

development (Wintle-&-Bardos 2006).    

 

Although WBTs were found in fragments within the Le Paradis development boundary up 

to the 2009 survey, this is no indication that the remnant population is viable. It has been 

suggested previously that the suboptimal habitat located on golf-courses is only home to 

so called „floating‟ non-breeding individuals, unable to secure territories on preferred non-

golf sites (e.g.-Terman-1997). As such, the development site may be functioning as an 

ecological „sink‟ (Vierling-2000).  

 

Mechanisms that drove observed spatio-temporal patterns in WBT abundance and 

occupancy within the development boundary were not empirically investigated in this 

study. However, suppositions can be made. The WBT displays traits of bird species, 
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which in previous studies have been found to be highly susceptible to fragmentation 

(Lens-et-al.-2002) e.g. social group structure and a relatively low pre-fragmentation 

abundance (Young-et-al.-in-press). In addition, the WBT is an understory/ground-foraging 

forest insectivore (Diamond-1973). Such birds typically respond negatively to habitat 

fragmentation (Stouffer-&-Bierregaard-1995;-Canaday-1997;-Sekercioglu-et-al.-2002), 

often linked to: a) food scarcity, and/or b) limited dispersal capabilities: 

 

1. Food scarcity: A study by Temple-(2005) found WBT occupancy to be positively 

related to native invertebrate density. Studies have shown native insect abundance to 

decline and insect community composition to change in small fragments (e.g.-Zanette-

et-al.-2000;-Ford-et-al.-2001). As such, WBT declines within the development 

boundary may be attributed to the fact that remaining habitat fragments provide low-

quality and amounts of food. However, WBTs are not entirely reliant upon insects in 

their diet (Diamond-1973) and may be able to adapt accordingly if faced with sub-

optimal insect communities (Lindell-et-al.-2007). 
 

2. Limited dispersal capabilities: WBTs have been observed crossing gaps between 

suitable habitat patches (Temple-2005). However, the strong philopatry and 

associated short dispersal distances observed in the species (Temple-et-al.-2006) is 

likely to reduce their ability to persist in remaining habitat fragments within the 

development boundary in the long-term (Stouffer-&-Bierregaard-1995;-Sieving-et-al.-

1996;-Sekercioglu-et-al.-2002). 

 

Fragmented landscapes are prone to invasion by non-native species (Blair 1996). It is 

therefore possible that after Le Paradis construction commenced, non-native predators, 

such as the Small Asian Mongoose increased in number within the development 

boundary. This may in turn have led to reduced WBT abundance through predation of 

eggs and nestlings, particularly as chicks commonly fledge before they can fly (Keith-

1997). Also, interspecific competition by generalist species able to utilise the surrounding 

matrix could have excluded WBT individuals from certain remnant patches (Blair-1996;-

Porter-et-al.-2005). A candidate species is the Bare-eyed Robin (Turdus nudigenis), which 

occurs within the Mandelé range and is reported as being highly aggressive towards other 

thrush-like birds (Bond-1982). 

 

This study investigated four years worth of monitoring data (one year before, and three 

years after commencement of the Le Paradis tourist development). Although the spatio-

temporal patterns identified were both interesting and informative, it is important to note 
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that this study shows only the relatively short-term effects of landscape fragmentation. 

There may be a time lag of years to decades from the time of initial habitat change to the 

equilibrium state of the WBT population. Continued monitoring in the future could 

potentially reveal genetic, morphological and behavioural traits developing in response to 

landscape fragmentation, which take time to accumulate and appear, yet have been 

shown to shape large-scale population dynamics and distribution (Ewers-&-Didham-

2006).  

 

5.3   Conservation implications 

Temple-(2005) highlighted that research and monitoring have been implemented far more 

readily than management interventions to conserve the WBT. To resolve this imbalance, it 

is imperative that outputs gained from such research and monitoring efforts are used as a 

basis to develop and ultimately implement appropriate and adaptive conservation.  

 

The following sub-sections highlight key areas within which the outputs obtained from this 

study can be used towards ensuring the long-term conservation of the WBT on St. Lucia.  

 

5.3.1   Identifying priority sites for habitat protection 

Habitat protection is the most important form of action that could be taken to protect the 

WBT from further declines and ultimately extinction on St. Lucia (Temple-2005). 

Specifically, areas within the Mandelé range are of the highest priority-for protection, as it 

contains the species worldwide centre of abundance (Young-et-al.-in-press).  

 

Within the Mandelé range, establishment of a protected area for dry-forest to the north 

and west of the Le Paradis development site boundary would be most beneficial, as this 

would encompass areas of the subpopulations‟ range where population density was found 

to be highest. This priority area is also contiguous with mesic forest in an established 

forest reserve, which would allow the species‟ range to shift upwards in elevation - a 

potential response to future climate change (Young-et-al.-in-press). Protecting native 

habitat surrounding the development site may also benefit WBTs remaining on the golf 

course. Studies in the USA found amount of intact natural landscape surrounding golf 

courses to be the best predictor of presence and high abundance-levels of bird species of 

conservation concern on golf courses (e.g.-Jones-et-al.-2005;-LeClerc-&-Cristol-2005;-

Porter-et-al.-2005). It should be noted that the vast majority of the WBTs range is privately 

owned (Temple-2005). To protect habitat within the Mandelé range will therefore likely 

result in the need for land purchase. Property prices in St. Lucia are relatively high, 
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particularly for coastal property (M.Morton,-pers.comm.), so significant funds would be 

required to secure even a small area. However, this should be set against the fact that 

even a small area of land may hold a highly significant proportion of the global population. 

A positive-step towards advancing the likelihood of protecting WBT habitat is the 

announcement of the passing of a new Wildlife Protection Act in the near future, 

safeguarding habitats as well as individuals (M.Morton,-pers.comm.). 

 

At an island-wide scale, the binary HS map can be compared with forest reserve zonation 

to determine the amount of suitable habitat currently within the St. Lucian protected area 

network. Figure 5.1 shows the overlap. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Overlap of the St. Lucian forest reserve system with the binary map of predicted suitable habitat 
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A simple visual exploration reveals very few areas of suitable habitat are protected as part 

of the current forest reserve system – a total of 4.7%. Such knowledge would likely prove 

useful for the ongoing St. Lucian National Trust project, which is using MARXAN to model 

gaps in the islands protected area network (M.Morton,-pers.comm.).  

 

5.3.2   Identifying priority sites for habitat restoration  

The Mandelé subpopulation occurs in dry forest/scrubland that has naturally regenerated 

over the past 30 years from abandoned plantations and farmland (Temple-2005). As such, 

it is likely that habitat restoration along the east coast would be an effective conservation 

intervention to increase the WBTs chance of long-term survival at minimal expense. To 

account for the limited dispersal capabilities of the species (Temple-et-al.-2006), habitat 

restoration efforts should be conducted near suitable habitat containing WBTs. To 

alleviate negative consequences arising from the restricted and fragmented nature of 

suitable habitat, restoration should be used to re-instate connectivity. In previous studies, 

HS maps have been used to aid in the identification of priority sites for habitat restoration 

(e.g.-Pearce-&-Lindenmayer-1998;-Burnside-et-al.-2002;-Haines-et-al.-2006). The HS 

map in this study could be used in a similar manner, if combined with fine-scale habitat 

details and WBT distribution maps. In the near future it is proposed that dry 

forest/scrubland regeneration is piloted as a conservation intervention. If deemed effective 

it should be utilised in combination with habitat protection to promote connectivity 

between: a) ravines in the north-east range; b) the Mandelé range and suitable habitat to 

the south, and c) the north-east and Mandelé range. Subsidising land-owners to cover 

opportunity costs may be required for such recommendations to be implemented.    

 

5.3.3   Guiding reintroduction and translocation 

Calls have been made to establish a captive population of WBTs and initiate a 

reintroduction effort to augment the population on St. Lucia (e.g.-Ijsselstein-1992). 

However, Collar-et-al.-(1992) and Temple et al.-(2009) described this as premature: for 

species that have not yet reached critically low population levels, effective conservation 

should focus on less intensive and cost-effective protection of wild, in situ populations. 

However, as the St. Lucian population is inferred to be declining (Temple-2005) and the 

north-east subpopulation estimated to number less than 80 individuals (Young-et-al.-in-

press), such measures may become necessary. Additionally, as areas of suitable habitat 

have been identified outside the known range, translocation efforts may be considered a 

potential intervention to augment WBT numbers. If ever reintroduction and/or translocation 

are proposed in the future, HS maps should be used as part of the process to select 
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appropriate sites, as has successfully been done for other threatened species (e.g.-

Pearce-&-Lindenmayer-1998;-Schadt-et-al.-2002;-Mustoni-et-al.-2003). 

  

5.3.4   Potential discovery of new subpopulations  

Large areas of St. Lucia remain relatively unexplored by ecologists, primarily due to their 

remoteness and difficult terrain. This, in combination with the fact that the Mandelé 

subpopulation was only discovered in 1993 may imply that there are undiscovered WBT 

populations on the island. A number of studies have previously shown how HS maps can 

be used to great effect to guide field surveys to find unknown populations of known rare 

species (e.g.-Raxworthy-et-al.-2003;-Engler-et-al.-2004;-Guisan-et-al.-2006). Using the 

HS map to identify areas of high HS, suppositions regarding the location of undiscovered 

WBT subpopulations can be made. Potential areas include: a) to the north of the north-

east range; b) between the north-east range and Mandelé range; c) immediately south of 

the Mandelé range, and d) along the south-east coast. Before ground-truthing, it would be 

worthwhile exploring the HS map in more detail and at a closer scale with local expert 

assistance. This is because the map is a predictive map of suitable habitat, not of the 

probability of finding WBTs in a particular location.  

 

5.3.5   Future monitoring efforts 

This study has demonstrated the importance of the Durrell/SLFD WBT monitoring 

programme, for enabling both the detection and assessment of WBT response to tourist 

development, and the design of adaptive conservation management. It is imperative that 

monitoring continues within the Mandelé range. A sensible minimum target for most 

monitoring programmes, in order to confidently detect change in a system is often stated 

as 10 years (Field-et-al.-2007). Based on the results of this study, the following 

recommendations for future monitoring efforts are proposed:   

 

 Extend Mandelé range survey zone beyond delineated north-west, west and 

south boundaries, by increasing number of sample points surveyed. This would 

account for areas of high HS adjacent to the current sampling design, and high WBT 

abundance-levels at the westernmost boundary. This recommendation is further 

strengthened by preliminary findings from Young-et-al.-(in-press). They report how 

Durrell/SLFD expanded the Mandelé range survey zone by 500m to the north and 

west and up to 1.5km to the south in 2007. A total of 110 extralimital points were 

visited once to count WBTs via a 5-minute playback protocol. WBTs at eight points 

lying up to 500m west of the survey region and at three points lying 800-1300m south 

of the range were recorded. Following this recommendation through would likely lead 
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to a more accurate estimation of the Mandelé subpopulation size, and allow a 

thorough investigation of displacement effects at the hands of anthropogenic 

development. 

 

 Initiate north-east range monitoring programme. Although currently relatively 

undeveloped, the WBTs north-east range is under direct, imminent threat from tourist 

resort development on both the Grande Anse and Louvet estates (Young-et-al.-in-

press). Of the 23 sample points at which WBTs were recorded in the 2006 

Durrell/SLFD survey, 30% occurred within the boundaries of the two estates. 

Therefore, as with the Mandelé subpopulation, it is imperative that: a) up-to-date 

abundance and distribution data are collected before any proposed construction 

occurs, to serve as a baseline, and b) a reliable and systematic monitoring programme 

is established with which both short and long term impacts of development can be 

quantified and used to inform mitigation efforts. Surveying efforts should focus 

primarily on forested ravine habitat, and would be sensible to employ previously 

successful tape playback protocols (see-Temple-2005), ideal for censusing scarce and 

scattered birds (Mosher-et-al.-1990;-Haug-&-Didiuk-1993).       

 

 Collection of on-the-ground habitat data. Remotely-sensed and GPS-derived 

landscape-scale EVs used in this study could not provide insight into the main 

structure or composition of vegetation relevant to the WBT. Therefore, to aid future 

studies, fine-scale habitat data should be collected at each sample point in conjunction 

with WBT surveys. This would enable a detailed understanding of the habitat 

characteristics that influence spatio-temporal patterns of WBT abundance. A study by 

Temple-(2005) found leaf-litter depth, % leaf litter coverage, foliage density at nest 

height, tree height/width, and invertebrate density to particularly influence home-range 

selection by WBTs. Such measurements are therefore particularly recommended and 

could be efficiently collected after WBT counts. 

 

It is fully appreciated that the aforementioned recommendations are wholly dependent 

upon logistical feasibility, surveyor availability and relevant levels of funding. However, the 

resultant outputs have the potential to provide further evidence upon which funding for 

conservation can be levered, and to increase the likelihood that recommendations made 

are both appropriate and adopted.  
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5.4   Future research directions 

It is possible that extraction of EVs at a spatial scale applicable to the ecology of the WBT 

(e.g. mean territory size) would provide more meaningful and informative outputs than the 

relatively arbitrary 250 x 250m sample cells used in this study (Gottschalk et al. 2005). It is 

therefore recommended that a sensitivity analysis is undertaken on all WBT habitat 

models conducted in this study to determine the effect of varying sample cell size on the 

outputs obtained and model accuracy. This would enable the most appropriate spatial-

scale to be used in future applications.  

 

Further investigations should be conducted to ascertain whether the preliminary evidence 

for „crowding effects‟ within the Mandelé range obtained in this study are in fact true. For 

instance, a simple analysis could compare mean WBT abundance for sample points 

cleared of native vegetation before and after clearance. If the latter abundance value is 

found to be considerably higher than the former, this would provide more definitive 

evidence for the occurrence of crowding.  

 

Simple measures of abundance and occupancy are informative in their own right when 

studying bird response to habitat fragmentation, but are not enough to derive information 

regarding population viability (Cristol & Rodewald 2005). There is therefore a much 

required need to develop studies that measure reproductive, condition, and survival 

parameters both within and outside the Le Paradis development boundary (e.g. 

Rodewald-et-al.-2005;-White-&-Main-2005). For example, predation levels on WBT eggs 

and/or nestlings by non-native mammal predators could be investigated inside and 

outside the Le Paradis development site via artificial nest or false egg studies, as in 

Alvarez & Galetti (2007) and Lopez-Flores et al. (2009).  

 

Based on the finding that areas of suitable WBT habitat are heavily fragmented, it would 

be worthwhile to extend this research using methods that can investigate, in-depth, the 

fragmentation structure of such suitable habitat. Using the „spatial links tool‟, a method 

developed for studying habitat linkages by Drielsma-et-al. (2006), or FRAGSTATS 

(McGarigal-et-al.-2002), one could specifically determine the number of existing suitable 

habitat patches, their area and boundary length, and perhaps most importantly evaluate 

their connectivity. Such studies could be combined with knowledge of WBT dispersal 

capabilities derived from Temple et al.-(2009) and WBT count data to determine 

properties of patches that allow WBTs to persist, and ultimately allow best conservation 

practice.  



 

60 

References 

 

Akaike, H. (1974) A new look at the statistical model identification. IEEE Transactions on 
Automatic Control. 19, 716-723. 

 
Allender, W.J. (1994) Fenamiphos poisoning of native geese. Veterinary and Human 

Toxicology, 36(4), 305-306.   
 
Alvarez, A.D. & Galetti, M. (2007) Artificial nest predation in Atlantic Forest Island: testing 

the place and the different types of egg. Revista Brasileira de Zoologia, 24(4) 
1011-1016. 

 
Anderson, R.P., Peterson, A.T. & Gomez-Laverde, M. (2002). Using niche-based GIS 

modeling to test geographic predictions of competitive exclusion and competitive 
release in South American pocket mice. Oikos, 98, 3-16. 

 
Anthony, D. (2005) Mitigative measures to save the St. Lucia White-breasted Thrasher 

(Ramphocinclus brachyurus sanctaeluciae). [Online] Available from:  
http://www.slubiodiv.org/The_Project/Information/Biodiversity_Papers/Papers2/Me
asures_to_Save_the_Thrasher.pdf [Accessed 3 April 2009]. 

 
Araujo, M.B & Luoto, M. (2007) The importance of biotic interactions for modelling species          

distributions under climate change. Global Ecology and Biogeography, 16, 743-
753. 

 
Araujo, M.B., Pearson, R.G., Thuiller, W. & Erhard, M. (2005) Validation of species 

climate impact models under climate change. Global Change Biology, 11, 1504-
1513. 

 
Araujo, M. B. & Williams, P.H. (2000) Selecting areas for species persistence using 

occurrence data. Biological Conservation, 96, 331-345.  
 
Augustin, N.H., Mugglestone, M.A. & Buckland, S.T. (1996) An autologistic model for the 

spatial distribution of wildlife. Journal of Applied Ecology, 33, 339-347.  
 
Austin, M.P. (2002). Spatial prediction of species distribution: an interface between 

ecological theory and statistical modelling. Ecological Modelling, 157, 101-118. 
 
Babbs, S., Buckton, S., Robertson, P. & Wood, P. (1987) Report of the 1986 University of 

East Anglia-ICBP St. Lucia expedition. International council for Bird Preservation 
Report number: 33. 

 
Barbosa, A.M., Real, R. & Vargas, J.M. (2009) Transferability of environmental 

favourability models in geographic space: the case of the Iberian desman 
(Galemys pyrenaicus) in Portugal and Spain. Ecological Modelling, 220, 747-754. 

 
Bates, D., Maechler, M. & Dai, B. (2008) lme4: Linear mixed-effects models using S4 

classes. [Online] Available from: http://lme4.r-forge.r-project.org/ [Accessed 3 April 
2009]. 

 
Beyer, H. L. (2004) Hawth's Analysis Tools for ArcGIS. [Online] Available from: 

http://www.spatialecology.com/htools [Accessed 3 April 2009].   



 

61 

Bierregaard, R.O., Lovejoy, T.E., Kapos, V., dos Santos, A.A. & Hutchings, R.W. (1992) 
The biological dynamics of tropical rainforest fragments. BioScience, 42, 859-866. 

 
Bio, A., Alkemade., R. & Barendregt, A. (1998) Determining alternative models for 

vegetation response analysis: a non-parametric approach. Journal of Vegetation 
Science, 9, 5-16. 

 
BirdLife International (2005) Hotel development threatens rare thrasher. World Birdwatch, 

27(1), 6.  
 
BirdLife International (2008) Ramphocinclus brachyurus. In: IUCN 2008. 2008 IUCN Red 

List of Threatened Species. [Online] Available from: http://www.iucnredlist.org 
[Accessed 3 April 2009]. 

 
Blair, R.B. (1996) Land use and avian species diversity along an urban gradient. 

Ecological Applications, 6, 506-519. 
 
Bond, J. (1928) On the birds of Dominica, St. Lucia, St Vincent and Barbados. 

Proceedings of the Academy for Natural Sciences of Philadelphia, 80, 523-545. 
 
Bond, J. (1982) Twenty-fourth supplement to the Check-List of the Birds of the West 

Indies (1956). Philadelphia, Academy for Natural Sciences of Philadelphia. 
 
Brooks, T.M., Mittermeier, R.A., da Fonseca, G.A.B., Gerlach, J., Hoffman, M., 

Lamorewux, J.F., Mittermeier, C.G., Pilgrim, J.D. & Rodrigues, A.S.L. (2006) 
Global biodiversity conservation priorities. Science, 313(58), 58-61.  

 
Brotons, L., Thuiller, W., Araujo, M. B. & Hirzel, A. H. (2004) Presence-absence versus 

presence-only modelling methods for predicting bird habitat suitability. Ecography, 
27, 437-448. 

 
Burnside, N. G., Smith, R.F. & Waite, S. (2002) Habitat suitability modelling for calcareous 

grassland restoration on the South Downs, United Kingdom. Journal of 
Environmental Management, 65(2), 209-221.  

 
Canaday, C. (1997) Loss of insectivorous birds along a gradient of human impact in 

Amazonia. Biological Conservation, 77, 63-77. 
 
Chalfoun, A.D., Thompson, F.R. & Ratnaswamy, M.J. (2002) Nest predators and 

fragmentation: a review and meta-analysis. Conservation Biology, 16, 306-318. 
 
Chen, D. & Brutsaert, W. (1998) Satellite-sensed distribution and spatial patterns of 

vegetation parameters over a tallgrass prairie. Journal of the Atmospheric Science, 
80, 153-160.  

 
Christ, C., Hillel, O., Matus, S. & Sweeting, J. (2003) Tourism and biodiversity: mapping 

tourism’s global footprint. Washington, Conservation International & United 
Nations Environment Programme. 

 
Cohen, J. (1960) A coefficient of agreement for nominal scale. Education and 

Psychological Measurement, 20, 37-46.   
 
Cohen, S., Durborow, T. & Barnes, N.L. (1993) Groundwater and surface-water risk 

assessments for proposed golf courses. International Turfgrass Research Journal, 
7, 162-171. 



 

62 

Colding, J. & Folke, C. (2009) The role of golf courses in biodiversity conservation and 
ecosystem management. Ecosystems, 12(2), 191-206. 

 
Collar, N.J., Gonzaga, L.P., Krabbe, N., Madroño, Nieto, A., Naranjo, L.G., Parker, T.A. & 

Wege, D.C. (1992) Threatened birds of the Americas. Cambridge, International 
Council for Bird Preservation. 

 
Costa, J., Peterson, A. T. & Beard, C. B. (2002) Ecological niche modelling and 

differentiation of populations of Triatoma brasiliensis Neiva 1911, the most 
important Chagas‟ disease vector in Northeastern Brazil (Hemiptera, Reduviidae, 
Triatominae). American Journal of Tropical Medicine and Hygiene, 67, 516-520. 

 
Crawley, M.J. (2008) The R Book. Chichester, John Wiley and Sons Ltd.  
 
Cristol, D.A. & Rodewald, A.D. (2005) Introduction: can golf courses play a role in bird 

conservation? Wildlife Society Bulletin, 33(2), 407-410.  
 
Davies, K.F., Melbourne, B.A. & Margules, C.R. (2001) Effects of within-and between-

patch processes on community dynamics in a fragmentation experiment. Ecology, 
82(7), 1830-1846.  

 
Davis, S.K. (2004) Area sensitivity in grassland passerines: effects of patch size, patch 

shape, and vegetation structure on bird abundance and occurrence in southern 
Saskatchewan. The Auk, 121(4), 1130-1145.  

 
Davis, F.W., Seo, C. & Zielinski, W.J. (2007) Regional variation in home-range-scale 

habitat models for Fisher (Martes pennanti) in California. Ecological Applications, 
17(8), 2195-2213. 

 
DCG (2008) Working towards a green resort. Paw ol Le Paradis, 4(3), 1. 
 
Debinski, D.M. & Holt, R.D. (2000) A survey and overview of habitat fragmentation 

experiments. Conservation Biology, 14(2), 342-355.  
 
Diamond A. W. (1973) Habitats and feeding stations of St Lucia forest birds. Ibis, 115(3), 

313-329. 
 
Dormann, C.F., McPherson, J.M., Arau jo, M.B., Bivand, R., Bolliger, J., Gudrun, C., 

Davies, R.G., Hirzel, A., Jetz, W., Kissling, W.D., Ku¨hn, I., Ohlemuller, R., Peres-
Neto, P.R., Reineking, B., Schroder, B., Schurr, F.M. & Wilson, R. (2007) Methods 
to account for spatial autocorrelation in the analysis of species distributional data: 
a review. Ecography, 30, 609-628. 

 
Drielsma, M., Manion, G. & Ferrier, S. (2007) The spatial links tool: Automated mapping of 

habitat linkages in variegated landscapes. Ecological Modelling, 200, 403-411. 
 
Eastman, R. J. (2003) IDRISI Kilimanjaro Guide to GIS and Image Processing. Clark 

University Laboratory. Manual version: 14.00.  
 
 
 
 
 
 
 



 

63 

Elith, J., Graham, C. H., Anderson, R. P., Dudik, M., Ferrier, S., Guisan, A., Hijmans, R. 
J., Huettmann, F., Leathwick, J. R., Lehmann, A., Li, J., Lohmann, L. G., Loiselle, 
B. A., Manion, G., Moritz, C., Nakamura, M., Nakazawa, Y., Overton, J. McC., 
Peterson, A. T., Phillips, S. J., Richardson, K. S., Scachetti-Pereira, R., Schapire, 
R. E., Soberon, J., Williams, S., Wisz, M. S. & Zimmermann, N. E. (2006). Novel 
methods improve prediction of species‟ distributions from occurrence data. 
Ecography, 29, 129-151. 

 
Engler, R., Guisan, A. & Rechsteiner, L. (2004) An improved approach for predicting the 

distribution of rare and endangered species from occurrence and pseudo-absence 
data. Journal of Applied Ecology, 41, 263-274.  

 
Ernest, P. (2007) The White-breasted Thrasher and Le Paradis development can they 

really co-exist? Paw ol Le Paradis, 3(2), 4-5.  
 
Estrada-Pena, A. & Thuiller, W. (2008) An assessment of the effect of data partitioning on 

the performance of modelling algorithms for habitat suitability for ticks. Medical and 
Veterinary Entomology, 22, 248-257. 

 
Ewers, R.M. & Didham, R.K. (2006) Confounding factors in the detection of species 

responses to habitat fragmentation. Biological Reviews, 81, 117-142. 
 
Ferrier, S., Drielsma, M., Manion, G. & Watson, G. (2002). Extended statistical 

approaches to modelling spatial pattern in biodiversity in north-east New South 
Wales. II. Community level modelling. Biodiversity Conservation, 11, 2309-2338. 

 
Field, S.A., O‟Connor, P.J., Tyre, A.J. & Possingham, H.P. (2007) Making conservation 

meaningful. Austral ecology, 32, 485-491. 
 
Fielding, A.H. & Bell, J.F. (1997). A review of methods for the assessment of prediction 

errors in conservation presence/ absence models. Environmental Conservation, 
24, 8-49. 

 
Fischer, J. & Lindenmayer, D.B. (2007) Landscape modification and habitat 

fragmentation: a synthesis. Global Ecology and biogeography, 16, 265-280. 
 
Ford, H.A., Barrett, G.W., Saunders, D.A. & Recher, H.F. (2001) Why have birds in the 

woodlands of Southern Australia declined? Biological Conservation, 97, 71-88. 
 
Frankham, R. (1996) Relationship of genetic variation to population size in wildlife. 

Conservation Biology, 10, 1500-1508.  
 
Franklin, A.B., Noon, B.R. & George, T.L (2002) What is habitat fragmentation? Studies in 

Avian Biology, 25, 20-29. 
 
Garcia, J., Suarez-Seoane, S., Miguelez, D., Osborne, P.E. & Zumalacarregui, C. (2007) 

Spatial analysis of habitat quality in a fragmented population of Little Bustard 
(Tetrax tetrax): implications for conservation. Biological Conservation, 137, 45-56. 

 
Gates, J.E. & Gysel, L.W. (1978) Avian nest dispersion and fledgling success in field-

forest ecotones. Ecology, 59, 871-883.  
 
Goolsby, J. A. (2004) Potential distribution of the invasive old world climbing, fern, 

Lygodium microphyllum in north and south America. Natural Areas Journal, 24, 
351-353. 



 

64 

Gottschalk, T.K., Huettmann, F. & Ehlers, M. (2005) Thirty years of analysing and 
modelling avian habitat relationships using satellite imagery data: a review. 
International Journal of Remote Sensing, 26(12), 2631-2656.  

 
Graham, C.H., Ron, S.R., Santos, J.C., Schneider, C.J. & Moritz, C. (2004). Integrating 

phylogenetics and environmental niche models to explore speciation mechanisms 
in dendrobatid frogs. Evolution, 58, 1781-1793. 

 
Guisan, A., Edwards, T.C. & Hastie. T. (2002) Generalized linear and generalized additive 

models in studies of species distribution: setting the scene. Ecological Modelling, 
157, 89-100. 

 
Guisan, A. Graham, C.H., Elith, J. & Huettmann, F. (2007) Sensitivity of predictive models 

to change in grain size. Diversity and Distributions, 13, 332-340. 
 
Guisan, A., Lehmann, A., Ferrier, S., Austin, M., Jacob, M.C., Overton, C., Aspinall, R. & 

Hastie, T. (2006) Making better biogeographical predictions of species‟ 
distributions. Journal of Applied Ecology, 43, 386-392. 

 
Guisan, A. & Theurillat, J.P. (2000). Equilibrium modeling of alpine plant distribution: how 

far can we go? Phytocoenologia, 30, 353-384. 
 
Guisan, A. & Thuiller, W. (2005) Predicting species distribution: offering more than simple 

habitat models. Ecology Letters, 8, 993-1009.  
 
Guisan, A. & Zimmermann. (2000) Predictive habitat distribution models in ecology. 

Ecological Modelling, 135, 147-186. 
 
Hagan, J.M., Vander Haegen, W.M. & McKinley, P.S. (1996) The early development of 

forest fragmentation effects on birds. Conservation Biology, 10, 188-202. 
 
Haila, Y., Hanski, I.K. & Raivio, S. (1989) Methodology for studying the minimum habitat 

requirements of forest birds. Annales Zoologici Fennici, 26,173-180. 
 
Haines, A.M., Tewes, M.E., Laack, L.L., Horne, J.S. & Young, J.H. (2006) A habitat-based 

population viability analysis for ocelots (Leopardus pardalis) in the United States. 
Biological Conservation, 132, 424-436. 

 
Hannah, L., Midgley, G.F., Hughes, G. & Bomhard, B. (2005) The view from the cape: 

extinction risk, protected areas, and climate change. BioScience, 55, 231-242.  
 
Hastie, T. & Tibshirani, R. (1986) Generalized additive models. Statistical Sciences, 1 (3), 

297-318. 
 
Haug, E. A & Didiuk, A. B. (1993) Use of recorded calls to detect Burrowing Owls. Journal 

of Field Ornithology, 64, 188-194.  
 
Hazin, H. & Erzini, K. (2008) Assessing Swordfish distribution in the South Atlantic from 

spatial predictions. Fisheries Research, 90, 45-55. 
 
Higgins, S.I., Richardson, D.M., Cowling, R.M. & Trinder-Smith, T.H. (1999) Predicting the 

landscape-scale distribution of alien plants and their threat to plant diversity. 
Conservation Biology, 13, 303-313.  

 



 

65 

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G. & Jarvis, A. (2005) Very high 
resolution interpolated climate surfaces for global land areas. International Journal 
of Climatology 25, 1965-1978. 

 
Hirzel, A.H., Hausser, J., Chessel, D. & Perrin, N. (2002) Ecological-niche factor analysis: 

how to compute habitat-suitability maps without absence data? Ecology, 83(7), 
2027-2036. 

 
Hirzel, A.H., Helfer, V. & Metral, F. (2001) Assessing habitat-suitability models with a 

virtual species. Ecological Modelling, 145, 111-121. 
 
Hirzel, A.H., Lay, G.L., Helfer, V., Randin, C. & Guisan, A. (2006) Evaluating the ability of 

habitat suitability models to predict species presences. Ecological Modelling, 199, 
142-152. 

 
Hodgkison, S.C., Hero, J.M. & Warnken, J. (2007) The conservation value of suburban 

golf courses in a rapidly urbanising region of Australia. Landscape and Urban 
Planning, 79, 323-337. 

 
Hugall, A., Moritz, C., Moussalli, A. & Stanisic, J. (2002) Reconciling paleodistribution 

models and comparative phylogeography in the wet tropics rainforest land snail 
Gnarosophia bellendenkerensis. Proceedings of the National Acadamy of 
Sciences, 99, 6112-6117.  

 
Huntley, B., Berry, P.M., Cramer, W. & McDonald, A.P. (1995) Modelling present and 

potential future ranges of some European higher plants using climate response 
surfaces. Journal of Biogeography, 22, 967-1001. 

 
Ijsselstein, C. (1992) Report on the censusing of the St. Lucia White breasted Thrasher, 

Ramphocinclus brachyurus santaeluciae. MSc Thesis, University of Kent, UK. 
 
John, C. L. (1995) The White breasted Thrasher (Ramphocinclus brachyurus 

sanctaeluciae) Project Report. St. Lucia Forestry Department. 
 
Jones, S.G., Gordon, D.H., Phillips, G.M. & Richardson, B.R.D. (2005) Avian community 

response to a golf-course landscape unit gradient. Wildlife Society Bulletin, 33(2), 
422-434. 

 
Karr, J.R. & Freemark, K.E. (1983) Habitat selection and environmental gradients: 

dynamics in the „stable‟ tropics. Ecology, 64(6), 1481-1494.   
 
Keith, A.R. (1997) The birds of St. Lucia, West Indies: British Ornithologists’ Union 

Checklist no. 15. Hertfordshire, British Ornithologists‟ Union. 
 
Keller, L.F. & Waller, D.M. (2002) Inbreeding effects in wild populations. Trends in 

Ecology and Evolution, 17, 230-241. 
 
Kendall, R.J., Brewer, L.W., Hitchcock, R.R. & Mayer, J.R. (1992) American wigeon 

mortality associated with turf application of diazinon AG500. Wildlife Disease 
Application, 28(2), 263-267. 

 
Kery, M. (2002) Inferring the absence of a species: A case study of snakes. The Journal 

of Wildlife Management, 66(2), 330-338.   
 



 

66 

King W. B. (1981) Endangered birds of the world (the ICBP Red Data Book). Cambridge, 
International Council for Bird Preservation. 

 
Leathwick, J.R., Whitehead, D. & McLeod, M. (1996). Predicting changes in the 

composition of New Zealand‟s indigenous forests in response to global warming: a 
modelling approach. Environmental Software, 11, 81-90. 

 
LeClerc, J.E., Che, J.P.K., Swaddle, J.P. & Cristol, D.A. (2005) Reproductive success and 

developmental stability of eastern bluebirds (Sialia sialis) on golf courses: 
evidence that golf courses can be productive. Wildlife Society Bulletin, 33,483-493. 

 
LeClerc, J.E. & Cristol, D.A. (2005) Are golf courses providing habitat for birds of 

conservation concern in Virginia? Wildlife Society Bulletin. 33(2), 463-470. 
 
Legendre, P. (1993) Spatial autocorrelation: trouble or new paradigm? Ecology, 74(6), 

1659-1673. 
 
Lehmann, A., Fivaz, F., Leathwick, J. & Overton, J. (2008) GRASP: Generalized 

Regression Analysis and Spatial Prediction for R.  R package version 2.5-7. 
 
Lehmann, A., Overton, J.M. & Leathwick, J.R. (1999) GRASP: Generalized Regression 

Analysis and Spatial Predictions, User’s manual. New Zealand, Landcare 
Research. 

 
Lehmann, A., Overton, J.M. & Leathwick, J.R. (2002) GRASP: generalized regression 

analysis and spatial prediction. Ecological Modelling, 157, 189-207. 
 
Lens, L., Van Dongen, S., Norris, K., Githiru, M. & Matthysen, E. (2002) Avian persistence 

in fragmented rainforest. Science, 298(5596), 1236-1238. 
 
Lillesand, T. M., Kiefer, R. W. & Chipman, J. W. (2008) Remote sensing and image 

interpretation. New York, J. Wiley & Sons.  
 
Lindell, C.A., Riffell, S.K., Kaiser, S.A., Battin, A.L., Smith, M.L. & Sisk, T.D. (2007) Edge 

responses of tropical and temperate birds. The Wilson Journal of Ornithology, 
119(2), 205-220.  

 
Liu, C., Berry, P.M., Dawson, T.P. & Pearson, R.G. (2005) Selecting thresholds of 

occurrence in the prediction of species distributions. Ecography, 28, 385-393. 
 
Lopez-Flores, V., MacGregor-Fors, I. & Schondube, J.E. (2009) Artificial nest predation 

along a Neotropical urban gradient. Landscape and Urban Planning, 92(2), 90-95.  
 
Luoto, M., Heikkinen, R.K., Pöyry, J. & Saarinen,K. (2006) Determinants of the 

biogeographical distribution of butterflies in boreal regions. Journal of 
Biogeography, 33(10), 1764-1778. 

 
Mackenzie, D.I. & Royle, J.A. (2005) Designing occupancy studies: general advice and 

allocating survey effort. Journal of Applied Ecology, 42, 1105-1114.  
 
Markwick, M.C. (2000) Golf tourism development, stakeholders, differing discourses and 

alternative agendas: the case of Malta. Tourism Management, 21, 515–524. 
 
McCullagh, P. & Nelder, J.A. (1983) Generalized Linear Models. 1st edition. London, 

Chapman and Hall. 



 

67 

McElroy, J.L. (2003) Tourism development in small islands. Geografiska Annales, 85, 
231-242. 

 
McGarigal, K. & Cushman, S.A. (2002) Comparative evaluation of experimental 

approaches to the study of habitat fragmentation effects. Ecological Applications, 
12(2), 335-345. 

 
McGarigal, K., Cushman, S. A., Neel, M. C. & Ene, E. (2002) FRAGSTATS: Spatial 

Pattern Analysis Program for Categorical Maps. 3rd edition. Amherst, University of 
Massachusetts. 

 
McIntyre, N.E. (1995) Effects of forest patch size on avian diversity. Landscape Ecology, 

10(2), 85-99. 
 
McPherson, J.M., Jetz, W. & Rogers, D.J. (2004) The effects of species‟ range size on the 

accuracy of distribution models: ecological phenomenon or statistical artefact? 
Journal of Applied Ecology, 41, 811-823. 

 
Meynard, C.N. & Quinn, J.F. (2007) Predicting species distributions: a critical comparison 

of the most common statistical models using artificial species. Journal of 
Biogeography, 34, 1455-1469. 

 
Midgley, G.F., Hannah, L., Millar, D., Thuiller, W. & Booth, A. (2003). Developing regional 

and species-level assessments of climate change impacts on biodiversity in the 
Cape Floristic Region. Biological Conservation, 112, 87-97. 

 
Mittermeier, R. A., Robles, G.P., Hoffman, M., Pilgrim, J., Brooks, T., Goettsch-

Mittermeier, C., Lamoreux, J. & da Fonseca, G. A. B. (2005) Hotspots revisited: 
earth’s biologically richest and most threatened terrestrial ecoregions. Arlington, 
Conservation International. 

 
Moisen, G.G. & Frescino, T.S. (2002). Comparing five modelling techniques for predicting 

forest characteristics. Ecological Modelling, 157, 209-225. 
 
Mosher, J. A., Fuller, M.R., & Kopeny, M. (1990) Surveying woodland raptors by 

broadcast of conspecific vocalizations. Journal of field Ornithology, 61, 453-461. 
 
Murphy, E.A. & Aucott, M. (1998) An assessment of the amounts of arsenical pesticides 

used historically in a geographical area. The Science of the Total Environment, 
218, 89-101.  

 
Mustoni, A., Carlini, E., Chiarenzi, B., Chiozzini, S., Lattuada, E., Dupre, E., Genovesi, P., 

Pedrotti, L., Martinoli, A., Preatoni, D., Wauters, L.A. & Tosi, G. (2003) Planning 
the Brown Bear Ursus arctos reintroduction in the Adamello Brenta Natural Park. A 
tool to establish a metapopulation in the central eastern Alps. Hystrix Italian 
Journal of Mammalogy, 14, 3-27.   

 
Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A.B. & Kent, J. (2000) 

Biodiversity hotspots for conservation priorities. Nature, 403, 853-858.  
 
Osborne, P.E., Alonso, J.C., Bryant, R.G. (2001) Modelling landscape-scale habitat use 

using GIS and remote sensing: a case study with great bustards. Journal of 
Applied Ecology, 38, 458-471.  

 



 

68 

Parsons, B., Short, J. & Roberts, J.D. (2009) Using community observations to predict the 
occurrence of Malleefowl (Leipoa ocellata) in the Western Australian wheatbelt. 
Biological Conservation, 142, 364-374. 

 
Pawar, S., Koo, M.S., Kelley, C., Ahmed, M.F., Chaudhuri, S. & Sarkar, S. (2007) 

Conservation assessment and prioritization of areas in Northeast India: priorities 
for amphibians and reptiles. Biological Conservation, 136(3), 346-361. 

 
Pearce, F. (1993) How green is your golf? New Scientist, 139, 30-35. 
 
Pearce, J. & Ferrier, S. (2000) An evaluation of alternative algorithms for fitting species 

distribution models using logistic regression. Ecological Modelling, 128(2-3), 127-
147. 

 
Pearce, J. & Lindenmayer, D.B. (1998) Bioclimatic analysis to enhance reintroduction 

biology of the endangered helmeted honeyeater (lichenostomus melanops 
cassidix) in southeastern Australia. Restoration Ecology, 6, 238-243.  

 
Pearson, R.G. (2007) Species’ distribution modeling for conservation educators and 

practitioners. New York, American Museum of Natural History.  
 
Pearson, R., Dawson, T.P., Berry, P.M. & Harrison, P.A. (2002) SPECIES: A Spatial 

Evaluation of Climate Impact on the Envelope of Species. Ecological Modelling, 
154, 289-300. 

 
Pearson, R.G., Dawson, T.P. & Liu, C. (2004). Modelling species distributions in Britain: A 

hierarchical integration of climate and land-cover data. Ecography, 27,285-298.  
 
Pearson, R.G., Raxworthy, C.J., Nakamura, M. & Peterson, A.T. (2007) Predicting 

species' distributions from small numbers of occurrence records: a test case using 
cryptic geckos in Madagascar. Journal of Biogeography, 34, 102-117.  

 
Pearson, R.G., Thuiller, W., Araujo,M.B., Martinez-Meyers, E., Broton, L., McClean, C., 

Miles, L., Seguardo, P., Dawson, T.P. & Lees, D.C. (2006) Model-based 
uncertainty in species range prediction. Journal of Biogeography, 33, 1704-1711. 

 
Peterson, A., Lash, T.R.R., Carroll, D.S. & Johnson, K.M. (2006) Geographic potential for 

outbreaks of Marburg hemorrhagic fever. American Journal of Tropical Medicine & 
Hygiene, 75, 9-15. 

 
Pleuramom, A. (1992) Course and effect: golf tourism in Thailand. Ecologist, 22, 104-110. 
 
Porter, E.E., Bullock, J. & Blair, R.B. (2005) Multiple spatial-scale assessment of the 

conservation value of golf courses for breeding birds in southwestern Ohio.  
Wildlife Society Bulletin, 33(2), 494-506. 

 
Power, M. (1993) The predictive validation of ecological and environmental models. 

Ecological Modelling, 68, 33-50. 
 
Prentice, I.C., Bartlein, P.J., Webb, T. (1991) Vegetation and climate change in eastern 

North America since the last glacial maximum. Ecology, 72, 2038-2056. 
 
Rainwater, T.R., Leopold, V.A., Hooper, M.J. & Kendall, R.J. (1995) Avian exposure to 

organophosphorus and carbamate pesticides on a coastal South Carolina golf 
course. Environmental Toxicology and Chemistry, 14, 2155-2161.  



 

69 

 
Ramsey, E., Sapkota, S. K., Barnes, F. G. & Nelson, G. A. (2002) Monitoring the recovery 

of Juncus roemerianus marsh burns with the normalized difference vegetation 
index and Landsat Thematic Mapper data. Wetlands Ecology and Management, 
10, 85-96.  

 
Randin, C.F., Dirnbock, T., Dullinger, S., Zimmermann, N.E., Zappa, M. & Guisan, A. 

(2006) Are niche-based species distribution models transferable in space? Journal 
of Biogeography, 33(10), 1689-1703. 

 
Raxworthy, C.J., Martinez-Meyer, E., Horning, N., Nussbaum, R.A., Schneider, G.E., 

Ortega-Huerta, M.A. & Peterson, A.T. (2003) Predicting distributions of known and 
unknown reptile species in Madagascar. Nature, 426, 837-841.  

 
Ray, N., Lehmann, A. & Joly, P. (2002). Modelling spatial distribution of amphibian 

populations: a GIS approach based on habitat matrix permeability. Biodiversity 
Conservation, 11, 2243-2265. 

 
R Development Core Team (2008). R: A language and environment for statistical 

computing. Vienna, R Foundation for Statistical Computing. [Online] Available 
from: http://www.R-project.org [Accessed 3 April 2009]. 

 
Richmond, R.H. (1993) Coral reefs: present problems and future concerns resulting from 

anthropogenic disturbance. American Zoologist, 33(6), 524-536. 
 
Robinson, S.K., Thompson, F.R., Donovan, T.M., Whitehead, D.R. & Faaborg, J. (1995) 

Regional forest fragmentation and the nesting success of migratory birds. Science, 
267(5206), 1987-1990. 

 
Rodewald, P.G., Santiago, M.J. & Rodewald, A.D. (2005) Habitat use of breeding red-

headed woodpeckers on golf courses in Ohio. Wildlife Society Bulletin, 33,448-
453. 

 
Ryder O.A. (1986) Species conservation and systematics: the dilemma of subspecies.  

Trends in Ecology and Evolution, 1, 9-10. 
 
Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, E., Bloomfield, J., Dirzo, R., Huber-

Sanwald, E., Huenneke, L.F., Jackson, R.B., Kinzig, A., Leemans, R., Lodge, 
D.M., Mooney, H.A., Oesterheld, M., Poff, N. L., Sykes, M.T., Walker, B.H., 
Walker, M. & Wall, D.H. (2000) Global biodiversity scenarios in the year 2100. 
Science, 287, 1770-1774. 

 
Schadt, S., Revilla, E., Wiegand, T., Knauer, F., Kaczensky, P., Breitenmose, U., Bufka, 

L., Cerveny, J., Koubek, P., Huber, T., Stanisa, C. & Trepl, L. (2002) Assessing the 
suitability of central European landscapes for the reintroduction of Eurasian lynx. 
Journal of Applied Ecology, 39, 189-203.  

 
Schmiegelow, F.K.A., Machtans, C.S. & Hannon, S.J. (1997) Are boreal birds resilient to 

forest fragmentation? An experimental study of short-term community responses. 
Ecology, 78(6), 1914-1932. 

 
Seguardo, P. & Araujo, M. B. (2004) An evaluation of methods for modelling species 

distribution. Journal of Biogeography, 31, 1555-1568. 
 



 

70 

Sekercioglu, C.H., Ehrlich, P.R., Daily, G.C., Aygen, D., Goehring, D. & Sandi, R.F. (2002) 
Disappearance of insectivorous birds from tropical forest fragments. Proceedings 
of the National Academy of Sciences, 8, 263-267. 

 
Semper J.E. & Sclater P.L. (1872) Observations on the birds of St Lucia.  Proceedings of 

the Zoological Society of London, 1872, 647-653. 
 
Sieving, K. E., Willson, M.F. & De Santo, T.L. (1996) Habitat barriers to movement of 

understory birds in fragmented south-temperate rainforest. Auk, 113, 944-949. 
 
Singh, J.S. (2002) The biodiversity crisis: a multifaceted review. Current Science, 82(6), 

638-647. 
 
Sokal R. R. & Rohlf F. J. (2000) Biometry – The principles and practice of statistics in 

biological research. 3rd edition. New York, W. H. Freeman and Company.  
 
Sorace, A. & Visentin, M. (2007) Avian diversity on golf courses and surrounding 

landscapes in Italy. Landscape and Urban Planning, 81, 81-90. 
 
Stanback, M.T. & Seifert, M.L. (2005) A comparison of eastern bluebird reproductive 

parameters in golf and rural habitats. Wildlife Society Bulletin, 33(2), 471-482. 
 
Stansley, W., Roscoe, D.E., Hawthorne, E. & Meyer, R. (2001) Food chain aspects of 

chlordane poisoning in birds and bats. Archives of Environmental Contamination 
and Toxicology, 40(2), 285-291. 

 
Stattersfield A., Crosby M. J., Long A. J. & Wege D. C. (1998) Endemic bird areas of the 

world: priorities for biodiversity conservation.  Cambridge, BirdLife International. 
 
St. Lucia Government Information Service (2008) Address to the nation by The 

Honourable Stephenson King on the state of affairs in the government, June 4 
2008. [Online] Available from: 
http://stlucia.gov.lc/primeminister/statements/2008/address_to_the_nation_by_the
_honourable_stephenson_king_june_4_2008.htm [Accessed 3 April 2009]. 

 
Storer R.W. (1989) Geographic variation and sexual dimorphism in the tremblers 

(Cinclocerthia) and White-breasted Thrasher (Ramphocinclus).  Auk, 106(2), 249-
258. 

 
Stotz, D.F., Fitzpatrick, J.W., Parker, T.A. & Moskovits, D.K. (1996) Neotropical Birds: 

Ecology and Conservation. Chicago, University of Chicago Press.  
 
Stouffer, P.C. & Bierregaard, R.O. (1995) Use of Amazonian forest fragments by 

understory insectivorous birds. Ecology, 76(8), 2429-2445. 
 
Stratford, J.A. & Stouffer, P.C. (1999) Local extinctions of terrestrial insectivorous birds in 

a fragmented landscape near Manaus, Brazil. Conservation Biology, 13(6), 1416-
1423. 

 
Suarez-Seoane, S. & Garcia-Roves, P. (2004) Do disturbances in surrounding areas 

affect a core population of Cantabrian Capercaillie Tetrao urogallus cantabricus? 
The case of the natural reserve of Muniellos (Asturias, NW Spain). Ardeola, 51(2), 
395-409. 

 



 

71 

Sutherland. W.J. (2006) The conservation handbook: research, management and policy. 
5th edition. Oxford, Blackwell Publishing.  

 
Swets, J.A. (1988) Measuring the accuracy of diagnostic systems. Science, 240, 1285-

1293. 
 
Syartinilia, S.T. (2008) GIS-based modelling of Javan Hawk-Eagle distribution using 

logistic and autologistic regression models. Biological Conservation, 141, 756-769.  
 
Tanner, R.A. & Gange, A.C. (2005) Effects of golf courses on local biodiversity. 

Landscape and Urban Planning, 71, 137-146. 
 
Temple H.J. (2005) Ecology, cooperative breeding and conservation of the White-

breasted Thrasher Ramphocinclus brachyurus. PhD thesis. University of 
Cambridge, UK. 

 
Temple, H.J., Hoffman, J.I. & Amos, W. (2006) Dispersal, philopatry and intergroup 

relatedness: fine-scale genetic structure in the White-breasted Thrasher, 
Ramphocinclus brachyurus. Molecular Ecology, 15, 3449-3458.  

 
Temple, H.J., Hoffman, J.I. & Amos, W. (2009) Group structure, mating system and extra-

group paternity in the co-operatively breeding White-breasted Thrasher 
Ramphocinclus brachyurus. Ibis, 151, 99-112.  

 
Terman, M.R. (1997) Natural links: naturalistic golf courses as wildlife habitat. Landscape 

and Urban Planning, 38, 183-197. 
 
Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M., Beaumont, L.J., Collingham, 

Y.C., Erasmus, B.F.N., de Siqueira, M.F., Grainger, A., Hannah, L., Hughes, L., 
Huntley, B., van Jaarsveld, A.S., Midgley, G.F., Miles, L., Ortega-Huerta, M.A., 
Peterson, A.T., Phillips, O.L. & Williams, S.E. (2004). Extinction risk from climate 
change. Nature, 427, 145–147. 

 
Thuiller, W. (2003) Biomod - optimizing predictions of species distributions and projecting 

potential future shifts under global change. Global Change Biology, 9, 1353-1362.  
 
Thuiller, W., Richardson, D.M., Pysek, P., Midgley, G.F., Hughes, G.O. & Rouget, M. 

(2005) Niche-based modeling as a tool for predicting the global risk of alien plant 
invasions. Global Change Biology, 11, 2234-2250.  

 
Uezu, A., Metzger, J.P. & Vielliard, J.M.E. (2005) Effects of structural and functional 

connectivity and patch size on the abundance of seven Atlantic Forest bird 
species. Biological Conservation, 123, 70-83. 

 
Vierling, K.T. (2000) Source and sink habitat of red-winged blackbirds in a rural-suburban 

landscape. Ecological Applications, 10, 1211-1218. 
 
Walters, J.R., Cooper, C.B., Daniels, S.J., Pasinelli, G. & Schiegg, K. (2004) Conservation 

Biology. In: Koenig, W.D. & Dickenson, J.L. (eds.) Ecology and Evolution of 
Cooperative Breeding in Birds. Cambridge, Cambridge University Press, Ch. 12.  

 
Warnken, J., Thompson, D. & Zakus, D. (2001) Golf course development in a major tourist 

destination: implications for planning and management. Environmental 
Mangement, 27(5), 681-696.  

 



 

72 

White, C.L. & Main, M.B. (2005) Waterbird use of created wetlands in golf course 
landscapes. Wildlife Society Bulletin, 33, 411-421. 

 
Wintle, B.A. & Bardos, D.C. (2006) Modelling species-habitat relationships with spatially 

autocorrelated observation data. Ecological Applications, 16(5), 1945-1958. 
 
Wintle, B., Elith, J. & Potts, J. (2005) Fauna habitat modelling and mapping: a review and 

case study in the Lower Hunter Central Coast region of NSW. Austral Ecology, 30, 
719-738.  

 
Yasuda, M. & Koike, F. (2006) Do golf courses provide a refuge for flora and fauna in 

Japanese urban landscapes? Landscape and Urban Planning, 75, 58-68. 
 
Yasué, M. & Dearden, P. (2006) The potential impact of tourism development on habitat 

availability and productivity of Malaysian plovers Charadrius peronii. Journal of 
Applied Ecology, 43(5), 978-989. 

 
Yee, T.W. & Mitchell, N.D. (1991). Generalized additive models in plant ecology. Journal 

of Vegetation Science, 2, 587-602. 
 
Young, R.P., Jn Baptiste, T., Dornelly, A., Temple, H., Whitehead, H., Young, H.G. & 

Morton, M.N. (in press) Potential impacts of tourist developments in St. Lucia on 
the endangered White-breasted Thrasher Ramphocinclus brachyurus. Bird 
Conservation International. (Accepted for publication August 2009). 

 
Zanette, L., Doyle, P. & Tremont, S.M. (2000) Food shortage in small fragments: evidence 

from an area-sensitive passerine. Ecology, 81(6), 1654-1666. 
 
Zaniewski, A.E., Lehmann, A. & Overton, J.McC. (2002) Predicting species spatial 

distribution using presence-only data: a case study of native New Zealand ferns. 
Ecological Modelling, 157, 251-280. 

 
Zar, J.H. (1999) Biostatistical Analysis. 4th edition. New Jersey, Prentice Hall. 
 
Zweig, M.H. & Campbell, G. (1993) Receiver-operating characteristic (ROC) plots: a 

fundamental evaluation tool in clinical medicine. Clinical Chemistry, 39, 561-577. 
 

 

 

  

 

 

 

 

 

 



 

73 

Appendix A: White-breasted Thrasher count data variables derived from raw Mandelé count data for each geo-referenced sample point (n=96) 

for 2006-2009. ID: sample point identifier code; DCG: sample point within DCG development boundary; Occupancy: 1=present, 0=absent 

    Occupancy Encounter rate Maximum recorded in single count 

ID X long Y lat DCG 2006 2007 2008 2009 2006 2007 2008 2009 2006 2007 2008 2009 

112 -60.89798 13.87953 Y 1 0 0 0 1.5 0.0 0.0 0.0 2 0 0 0 

114 -60.89567 13.87951 Y 0 1 1 0 0.0 0.5 2.0 0.0 0 1 4 0 

116 -60.89336 13.87949 Y 1 0 1 0 1.0 0.0 0.5 0.0 2 0 1 0 

136 -60.90721 13.88187 Y 1 1 1 0 1.0 2.5 4.5 0.0 2 3 5 0 

138 -60.90490 13.88185 Y 1 1 1 0 5.0 2.5 1.0 0.0 6 3 2 0 

140 -60.90259 13.88183 Y 1 1 0 1 1.0 1.0 0.0 0.5 1 2 0 1 

142 -60.90027 13.88181 Y 1 1 1 0 1.0 1.5 0.5 0.0 2 2 1 0 

144 -60.89796 13.88179 Y 1 1 1 0 1.5 2.0 1.0 0.0 3 3 1 0 

148 -60.89334 13.88175 Y 0 1 1 1 0.0 4.0 1.5 0.5 0 5 2 1 

150 -60.89103 13.88173 Y 1 1 1 1 4.0 1.0 0.5 2.5 7 2 1 3 

152 -60.88871 13.88171 Y 1 1 1 1 0.5 0.5 1.0 0.5 1 1 1 1 

154 -60.88640 13.88169 Y 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

156 -60.88409 13.88167 Y 0 1 0 0 0.0 1.0 0.0 0.0 0 2 0 0 

166 -60.90950 13.88415 N 1 0 1 1 0.5 0.0 0.5 1.0 1 0 1 2 

168 -60.90719 13.88413 N 1 0 1 1 2.0 0.0 0.5 1.5 2 0 1 2 

170 -60.90488 13.88411 N 1 0 1 1 1.0 0.0 2.5 4.0 1 0 4 5 

172 -60.90257 13.88409 N 1 1 1 1 1.5 1.0 4.5 3.5 2 2 7 4 

174 -60.90025 13.88407 Y 1 1 1 1 1.0 3.3 2.0 0.5 2 7 3 1 

176 -60.89794 13.88405 Y 1 1 1 1 2.5 3.0 2.0 1.0 3 4 3 2 

178 -60.89563 13.88403 Y 1 1 1 1 0.5 2.0 0.5 0.5 1 3 1 1 

180 -60.89332 13.88401 Y 1 0 1 1 0.5 0.0 1.0 1.0 1 0 2 2 

182 -60.89101 13.88399 Y 1 1 0 1 1.5 1.5 0.0 1.0 3 2 0 2 

184 -60.88869 13.88397 Y 1 0 0 1 1.5 0.0 0.0 0.5 3 0 0 1 

198 -60.90948 13.88641 N 1 0 1 1 1.5 0.0 0.5 0.5 3 0 1 1 

200 -60.90717 13.88639 N 1 1 1 1 1.0 3.5 2.0 6.5 2 4 3 11 

202 -60.90486 13.88637 N 1 0 0 0 2.0 0.0 0.0 0.0 2 0 0 0 

204 -60.90255 13.88635 N 1 1 1 1 0.5 2.5 1.5 1.5 1 4 3 3 

206 -60.90023 13.88633 N 1 1 1 1 5.5 5.0 4.0 3.0 6 6 4 3 

208 -60.89792 13.88631 Y 1 1 1 1 4.0 2.5 4.0 5.0 7 5 4 6 
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Appendix A (cont.) 

(cont.)  

                

                

    Occupancy  Encounter rate Maximum recorded in single count 

ID X long Y lat DCG  2006 2007 2008 2009 2006 2007 2008 2009 2006 2007 2008 2009 

210 -60.89561 13.88629 Y 1 1 0 1 3.0 4.5 0.0 1.0 4 7 0 1 

212 -60.89330 13.88627 Y 1 1 0 1 1.0 0.5 0.0 0.5 2 1 0 1 

214 -60.89098 13.88625 Y 1 1 0 0 4.5 1.5 0.0 0.0 8 2 0 0 

216 -60.88867 13.88623 Y 1 1 0 0 1.0 1.0 0.0 0.0 2 2 0 0 

218 -60.88636 13.88621 Y 1 1 1 0 2.0 1.0 1.0 0.0 4 2 2 0 

220 -60.88405 13.88619 Y 1 1 0 0 1.0 0.5 0.0 0.0 1 1 0 0 

222 -60.88174 13.88617 Y 1 1 0 0 1.5 2.5 0.0 0.0 2 4 0 0 

230 -60.90946 13.88867 N 0 1 1 0 0.0 3.0 0.5 0.0 0 4 1 0 

232 -60.90715 13.88865 N 1 1 1 1 1.0 1.5 1.5 4.0 2 3 2 7 

234 -60.90484 13.88863 N 1 1 1 1 5.0 5.0 3.5 2.0 5 7 5 2 

236 -60.90253 13.88861 N 1 1 1 0 2.5 1.5 0.5 0.0 4 3 1 0 

238 -60.90021 13.88859 N 1 1 1 1 2.0 4.0 2.0 1.5 2 5 4 3 

240 -60.89790 13.88857 N 1 1 1 1 2.0 4.0 4.0 3.0 4 6 5 4 

242 -60.89559 13.88855 Y 1 1 1 1 2.0 2.5 3.0 2.0 3 5 4 3 

244 -60.89328 13.88853 Y 1 1 1 1 4.0 6.0 4.0 1.5 4 10 6 2 

246 -60.89096 13.88851 Y 1 1 1 0 2.0 1.0 1.0 0.0 4 1 2 0 

248 -60.88865 13.88849 Y 0 0 0 1 0.0 0.0 0.0 3.5 0 0 0 4 

250 -60.88634 13.88847 Y 0 1 1 1 0.0 0.5 1.0 0.5 0 1 1 1 

252 -60.88403 13.88845 Y 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

264 -60.90713 13.89091 N 0 1 0 0 0.0 0.5 0.0 0.0 0 1 0 0 

266 -60.90482 13.89089 N 1 0 1 1 5.0 0.0 3.0 4.5 5 0 3 5 

268 -60.90251 13.89087 N 0 0 0 1 0.0 0.0 0.0 0.5 0 0 0 1 

270 -60.90019 13.89085 N 1 1 1 1 3.0 0.5 1.5 1.5 3 1 2 3 

272 -60.89788 13.89083 N 1 1 1 1 3.0 2.0 6.5 5.5 3 2 7 7 

274 -60.89557 13.89081 N 1 1 1 1 3.0 4.0 3.0 4.0 3 5 4 4 

276 -60.89326 13.89079 N 1 1 1 1 2.0 0.5 1.5 3.0 2 1 2 5 

278 -60.89094 13.89077 N 0 1 1 1 0.0 0.5 0.5 0.5 0 1 1 1 

280 -60.88863 13.89075 Y 1 1 0 1 2.5 0.5 0.0 1.0 3 1 0 1 

282 -60.88632 13.89073 N 1 0 0 1 0.5 0.0 0.0 1.0 1 0 0 1 

284 -60.88401 13.89071 N 1 1 1 1 0.5 1.0 2.0 1.5 1 2 3 2 
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    Occupancy Encounter rate Maximum recorded in single count 

ID X long Y lat DCG 2006 2007 2008 2009 2006 2007 2008 2009 2006 2007 2008 2009 

300 -60.90249 13.89312 N 0 1 1 1 0.0 1.0 1.0 0.5 0 2 1 1 

302 -60.90017 13.89310 N 1 1 1 1 1.0 3.5 1.0 2.0 1 3 2 3 

306 -60.89555 13.89306 N 1 1 1 1 2.0 0.5 1.5 2.5 2 1 2 4 

308 -60.89324 13.89305 N 1 1 1 1 2.0 0.5 0.5 1.0 2 1 1 2 

310 -60.89092 13.89303 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

312 -60.88861 13.89301 N 0 1 0 0 0.0 1.0 0.0 0.0 0 1 0 0 

314 -60.88630 13.89299 N 1 1 1 0 4.0 2.0 0.5 0.0 4 4 1 0 

316 -60.88399 13.89297 N 1 0 1 1 2.0 0.0 0.5 0.5 2 0 1 1 

318 -60.88167 13.89294 N 0 1 1 0 0.0 2.5 2.0 0.0 0 4 3 0 

332 -60.90247 13.89538 N 1 1 1 1 1.0 2.5 1.5 1.5 1 4 2 2 

334 -60.90015 13.89536 N 1 1 1 0 1.0 6.0 1.5 0.0 1 11 2 0 

342 -60.89090 13.89528 N 1 1 0 0 2.0 1.0 0.0 0.0 4 2 0 0 

344 -60.88859 13.89526 N 1 0 1 0 1.0 0.0 0.5 0.0 2 0 1 0 

346 -60.88628 13.89524 N 1 0 1 1 2.0 0.0 1.0 0.5 2 0 2 1 

348 -60.88397 13.89522 N 1 0 1 0 0.5 0.0 0.5 0.0 1 0 1 0 

350 -60.88165 13.89520 N 1 0 1 0 2.0 0.0 0.5 0.0 2 0 1 0 

364 -60.90244 13.89764 N 1 1 1 1 2.0 3.5 1.0 0.67 2 4 2 1 

366 -60.90013 13.89762 N 1 1 1 0 2.0 4.5 4.0 0.0 2 8 6 0 

368 -60.89782 13.89760 N 1 1 1 1 3.0 6.0 0.5 1.0 3 6 1 1 

374 -60.89088 13.89754 N 1 0 0 1 1.0 0.0 0.0 1.0 1 0 0 2 

376 -60.88857 13.89752 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

378 -60.88626 13.89750 N 0 0 1 1 0.0 0.0 0.5 1.0 0 0 1 1 

398 -60.90011 13.89988 N 0 1 0 0 0.0 0.5 0.0 0.0 0 1 0 0 

400 -60.89780 13.89986 N 0 1 0 0 0.0 0.5 0.0 0.0 0 1 0 0 

402 -60.89549 13.89984 N 1 1 0 1 2.0 2.5 0.0 1.0 2 5 0 2 

404 -60.89317 13.89982 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

406 -60.89086 13.89980 N 1 0 0 0 1.0 0.0 0.0 0.0 1 0 0 0 

408 -60.88855 13.89978 N 0 1 0 1 0.0 1.5 0.0 0.5 0 2 0 1 

410 -60.88624 13.89976 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

430 -60.90009 13.90214 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 
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    Occupancy Encounter rate Maximum recorded in single count 

ID X long Y lat DCG 2006 2007 2008 2009 2006 2007 2008 2009 2006 2007 2008 2009 

432 -60.89778 13.90212 N 1 1 1 1 2.0 1.5 2.5 1.0 2 2 3 1 

434 -60.89547 13.90210 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

436 -60.89315 13.90208 N 0 1 0 1 0.0 2.0 0.0 2.0 0 4 0 2 

438 -60.89084 13.90206 N 0 0 0 1 0.0 0.0 0.0 1.0 0 0 0 2 

440 -60.88853 13.90204 N 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 

460 -60.90238 13.90442 N 0 1 0 0 0.0 0.5 0.0 0.0 0 1 0 0 
462 -60.90007 13.90440 N 1 0 1 1 1.0 0.0 0.5 2.5 1 0 1 3 

Appendix A (cont.)  
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Appendix B: White-breasted Thrasher occupancy (Occ. 1=present, 0=absent) and encounter rate 

(ER) for each sample point (n=100) in 2006 north-east range survey. ID: sample point identifier code 

 

Non ravine (n = 50)  Ravine (n = 50) 

ID X long Y lat Occ. ER  ID X long Y lat Occ. ER 

1 -60.8862 13.93101 0 0  51 -60.8877 13.93186 0 0 

2 -60.8943 14.01051 0 0  52 -60.8933 13.93090 1 2 

3 -60.8865 13.95570 0 0  53 -60.8883 13.93155 0 0 

4 -60.8932 14.00550 0 0  54 -60.8899 13.93073 0 0 

5 -60.8991 14.00878 0 0  55 -60.8840 13.94167 1 4 

6 -60.8805 13.97203 0 0  56 -60.8820 13.94108 0 0 

7 -60.8834 13.97799 0 0  57 -60.8906 13.94262 0 0 

8 -60.8904 13.99353 1 1  58 -60.8814 13.94061 0 0 

9 -60.8857 13.97473 1 1  59 -60.8849 13.94150 1 2 

10 -60.8885 13.93505 0 0  60 -60.8882 13.94150 0 0 

11 -60.8860 13.95010 0 0  61 -60.8834 13.94122 1 1 

12 -60.8927 14.01028 1 2  62 -60.8809 13.94747 1 1 

13 -60.8847 13.96646 1 1  63 -60.8808 13.95339 0 0 

14 -60.8927 14.00781 0 0  64 -60.8823 13.95320 0 0 

15 -60.8866 14.00204 0 0  65 -60.8816 13.95310 1 2 

16 -60.8762 13.97240 0 0  66 -60.8933 13.96009 0 0 

17 -60.8868 13.96911 0 0  67 -60.8917 13.96063 0 0 

18 -60.8825 13.98385 0 0  68 -60.8850 13.96490 0 0 

19 -60.8853 13.99226 0 0  69 -60.8906 13.96419 0 0 

20 -60.8875 13.93694 0 0  70 -60.8933 13.96568 0 0 

21 -60.8832 13.98534 0 0  71 -60.8946 13.95895 0 0 

22 -60.8824 13.94215 1 1  72 -60.8906 13.96266 0 0 

23 -60.8998 14.01393 0 0  73 -60.8840 13.96232 1 1 

24 -60.8781 13.95601 0 0  74 -60.8816 13.96244 0 0 

25 -60.8977 14.01649 0 0  75 -60.8873 13.96435 0 0 

26 -60.8873 14.00725 0 0  76 -60.8896 13.96336 0 0 

27 -60.8859 13.98236 0 0  77 -60.8881 13.96362 0 0 

28 -60.8934 13.99877 0 0  78 -60.8903 13.96484 0 0 

29 -60.8935 13.93351 0 0  79 -60.8772 13.97126 0 0 

30 -60.8923 13.93902 0 0  80 -60.8862 13.97282 0 0 

31 -60.8911 13.93743 0 0  81 -60.8835 13.97516 0 0 

32 -60.8837 13.96947 0 0  82 -60.8802 13.97653 1 1 

33 -60.8867 14.00359 0 0  83 -60.8865 13.97349 1 1 

34 -60.8777 13.96578 0 0  84 -60.8849 13.97405 1 2 

35 -60.8840 13.97237 0 0  85 -60.8799 13.97896 0 0 

36 -60.8797 13.96219 0 0  86 -60.8791 13.97787 0 0 

37 -60.8859 13.97796 0 0  87 -60.8887 13.98261 0 0 

38 -60.8836 13.93092 0 0  88 -60.8886 13.98415 1 2 

39 -60.8878 13.95774 0 0  89 -60.8873 13.98591 0 0 

40 -60.8871 13.99265 0 0  90 -60.8844 13.98759 0 0 

41 -60.8896 13.93697 0 0  91 -60.8878 13.98566 0 0 

42 -60.8856 13.97618 0 0  92 -60.8869 13.99513 1 1 

43 -60.8958 14.01594 0 0  93 -60.8855 13.99573 1 3 

44 -60.8886 13.99859 0 0  94 -60.8848 13.99554 0 0 

45 -60.8907 14.00998 1 1  95 -60.8899 13.99281 1 1 

46 -60.8763 13.98066 0 0  96 -60.8953 14.01485 0 0 

47 -60.8814 13.94571 1 2  97 -60.8903 14.01659 0 0 

48 -60.8862 13.99711 0 0  98 -60.8978 14.01329 0 0 

49 -60.8822 13.93230 0 0  99 -60.8922 14.01638 1 2 
50 -60.8765 13.97447 0 0  100 -60.8934 14.01594 1 1 
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Appendix C: Normal Q-Q plots and associated Shapiro-Wilk normality tests (W) for ER and 

Max for all surveys studied. P-value < 0.05 indicates non-normality  

Mandelé ER (2006) 
 
W = 0.8625 
P-value = 5.70e-08 

Mandelé ER (2007) 
 
W = 0.8246 
P-value = 2.59e-09 

Mandelé ER (2008) 
 
W = 0.7693 
P-value = 5.68e-11 

Mandelé ER (2009) 
 
W = 0.7467 
P-value = 1.42e-11 

 

Mandelé Max (2006) 
 
W = 0.8622 
P-value = 5.60e-08 

Mandelé ER (2007) 
 
W = 0.8246 
P-value = 2.59e-09 

Mandelé Max (2009) 
 
W = 0.7467 
P-value = 1.42e-11 

 

 

 

Appendix C (cont.) 
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North-east ER (2006) 
 
W = 0.5409 
P-value = 3.69e-16 

Mandelé ER (2009) 
 
W = 0.7467 
P-value = 1.42e-11 
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Mandelé Max (2007) 
 
W = 0.8335 
P-value = 5.14e-09 
 

 

Mandelé Max (2009) 
 
W = 0.7495 
P-value = 1.68e-11 
 

 

Mandelé Max (2008) 
 
W = 0.8125 
P-value = 1.06e-09 
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Appendix D: Digitised 250m resolution St. Lucia vegetation/land-use map. Derived from a 1984 

OAS map found in Keith (1997) 
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Appendix E: Input code for conducting St. Lucia wide White-breasted Thrasher habitat suitability model within „GRASP‟ in the statistical package „R‟  

 

grasp(2,c(1:15), title = "WBT GRASP", path="", gr.fam = "binomial", weights = T, make.summary = T, plot.maps = T, 

plot.distry = T, plot.histograms = T, plot.respvspred = T, plot.correlation = T, stepwise.models = T, test = "AIC", 

contributions = T,plot.contributions = T, plot.models = T, model.anova = T, validate.models = T, predictions = T, 

export.predictions = T, resolution = 250) 

 

Appendix F: Spearman correlation coefficients between EPs used in GAM analysis 

 

Variable V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 

V1: Elevation  –               

V2: Slope -0.16 –              

V3: Aspect_Cos -0.11  0.02 –             

V4: Aspect_Sine  0.01 -0.20 -0.3 –            

V5: River_Presence -0.25 -0.15  0.15  0.22 –           

V6: Dist_River  0.09  0.12 -0.26 -0.27 -0.76 –          

V7: Dist_Coast  0.71 -0.35 -0.04  0.05  0.07 -0.25 –         

V8: Length_MainRoad -0.19  0.07  0.04  0.13 -0.14  0.15 -0.31 –        

V9: Dist_MainRoad -0.27  0.13  0.08 -0.01  0.30 -0.29 -0.13 -0.34 –       

V10: Density_Building -0.09  0.20  0.08 -0.10 -0.14  0.13 -0.16  0.21 -0.33 –      

V11: Dist_Building -0.07  0.28 -0.04 -0.13  0.22 -0.18 -0.13 -0.22  0.35 -0.30 –     

V12: Temp_Mean -0.47  0.25 -0.25 -0.23 -0.18  0.35 -0.58  0.30 -0.25  0.19  0.24 –    

V13: Temp_Season -0.10 -0.14 -0.14  0.10 -0.01  0.06 -0.14  0.06  0.13 -0.33 -0.01  0.14 –   

V14: Precip_Total  0.42 -0.17  0.19  0.10  0.17 -0.31  0.68 -0.31  0.30 -0.17 -0.18 -0.79 -0.20 –  

V15: VegLand-use  0.16  0.03 -0.01 -0.05  0.10 -0.15  0.09  0.06 -0.07 -0.13  0.04  0.01 -0.10 0.02 – 
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Appendix G: Minimal adequate GLMM (model 1) 

 
> model_1 <- lmer(max ~ WBT_Adjacent + DCG_Cleared.f + DCG_Cleared_Adj + 

(time|ID),family = poisson) 

 

Generalized linear mixed model fit by the Laplace approximation 

 

Formula: max ~ WBT_Adjacent + DCG_Cleared.f + DCG_Cleared_Adj + (time|ID) 

 

Family: poisson(log link)  

AIC     BIC       logLik    deviance 

593.8   621.5    -289.9     579.8 

 

Random effects: 

Groups   Name          Variance     Std.Dev.  Corr 

ID       (Intercept)    3.461681    1.86056    

          time          0.052934    0.23007   -0.961 

Number of obs: 384, groups: ID, 96 

Fixed effects: 

               Estimate   Std.Error   Z value  Pr(>|z|)  

(Intercept)   -0.40526 0.12089 -3.352 0.000802 *** 

WBT_Adjacent                   0.35947 0.04133  8.698 <2e-16   *** 

DCG_Cleared.f1                 -1.19972 0.24430 -4.911 9.07e-07 *** 

DCG_Cleared_Adj                        1.28718 0.36150  3.561 0.000370 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  

 

 

Appendix H: Minimal adequate GLMM (model 2) – positive change 

 
> model_2_positive <- lmer(change ~ Elevation + Aspect_Sine + NDVI + 

NDVI_std + WBT_Adjacent + DCG_Cleared_Adj +(1|time),family = poisson)  

 

Generalized linear mixed model fit by the Laplace approximation  

 

Formula: change ~ Elevation + Aspect_Sine + NDVI + NDVI_std + 

WBT_Adjacent + DCG_Cleared_Adj + (1 | time)  

 

Family: poisson(log link) 

AIC     BIC    logLik   deviance 

277.7   303.0  -130.9   261.7 

 

Random effects: 

Groups   Name        Variance   Std.Dev. 

time    (Intercept)  0.031369   0.17711  

Number of obs: 173, groups: time, 3 

 

Fixed effects: 

                      Estimate  Std. Error Z value   Pr(>|z|)     

(Intercept)       -0.770536 0.225080 -3.423 0.000618 *** 

Elevation                    0.008010 0.001518  5.277 1.31e-07 *** 

Aspect_Sine             -0.551880 0.211727 -2.607 0.009146 ** 

NDVI                2.514009 0.681282  3.690 0.000224 *** 

NDVI_std        -3.677069 1.222770 -3.007 0.002637  ** 
WBT_Adjacent  0.138556 0.059724  2.320 0.020344 * 

DCG_Cleared_Adj  2.055745 0.608923  3.376 0.000735 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
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Appendix I: Minimal adequate GLM (model 3) 
 
>model_3 <- glm(trend ~ NDVI_std, family = binomial) 

 

Call:(formula = trend ~ NDVI_std, family = binomial)  

 

Deviance Residuals:  

Min       1Q       Median   3Q       Max   

-1.8242  -1.1445   0.8125   0.9100   1.4754   

 

Coefficients: 

 Estimate  Std. Error z value Pr(>|t|) 

(Intercept)     0.6874 0.2487  2.764  

NDVI_std    -25.1794 8.4755 -2.971 0.00297 ** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  

 

(Dispersion parameter for binomial family taken to be 1) 

 

    Null deviance: 130.41  on 95  degrees of freedom 

Residual deviance: 120.63  on 94  degrees of freedom 

AIC: 124.63 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 


