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Abstract 

 

Biodiversity is being threatened at an increasing rate through the results of human activity 

ranging from urban development to resource extraction. An understanding of threatened 

species distribution can be used to identify areas of particular importance to species as well as 

assess particular in-situ conservation efforts. MaxEnt was used to predict species distributions 

of five threatened plant species, Metastelma anegadense, Argythamnia stahlii, Senna 

polyphylla var. neglecta, Malpighia woodburyana, and Leptocereus quadricostatus on 

Anegada, British Virgin Islands, based on field collection of occurrence records.  

The Important Plant Area (IPA) Programme uses standardized criteria based on threatened 

species and habitats as well as species richness to assess areas of botanical importance. The 

analysis of predicted suitable habitat allowed for identification of five IPAs on the island, 

highlighting both the sand dune and limestone environments. The assessment of the effects of 

disturbance on species presence gives insights into future development impacts on the 

species.  

The presence of the five species within two proposed protected areas on the island as well as 

evidence of disturbance into the protected areas was used to assess gaps within the British 

Virgin Islands Protected Areas System. A preliminary Red List assessment was made for M. 

anegadense and S polyphylla var. neglecta, two particularly threatened, endemic species on 

the island. This analysis provides protected area managers in BVI with valuable data about 

the distribution and status of threatened plant species to aid in conservation decisions. 
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1 Introduction 

 

The flora and fauna of the world are currently facing high loss of habitat and ultimate 

decreases in population numbers, some leading to extinction (Myers, Mittermeier, 

Mittermeier, et al., 2000). This pressure on biodiversity around the world is caused in addition 

to other factors, by the expansion of the human population both in space and in resource 

extraction as well as shifts in climate patterns around the world (Conditions and Trends 

Working Group of the Millenium Ecosystem Assessment, 2005). The development of urban 

areas and extraction of resources can contribute to local extinctions, which could particularly 

effect endemic species; those with a narrow habitat ranges. Other pressures on biodiversity, 

such as climate change, involve global scales that may cause cascading effects for 

biodiversity around the world. The range of the scale across which causes of biodiversity loss 

span requires a suite of responses from conservationists. 

One such response is the international multilateral agreement of The Convention on 

Biological Diversity (CBD). The convention, entered into force in 1993, creates a legally 

binding agreement for all signatories to work towards the goals of biodiversity conservation, 

sustainable use of resources, and fair and equitable sharing of use of genetic resources (The 

Secretariat of the Convention on Biological Diversity, n.d.). The CBD provides guidelines for 

biodiversity conservation ranging from identification of important components of biodiversity 

to education and awareness raising campaigns. The breadth of the CBD allows it to address 

the global and local drivers of biodiversity loss.   

Efforts to halt and reverse the loss of plant species around the world are guided by a specific 

programme of the CBD called the Global Strategy for Plant Conservation (GSPC). The 

strategy includes multiple targets to protect plant diversity through documentation, 

conservation, sustainable use and education. The conservation objective of the strategy 

combines in-situ actions: eco-region management and restoration and sustainable use of 

production lands as well as ex-situ actions: collections of threatened species and crop wild 

relatives. While all targets aim to conserve plant diversity, target 5, in particular, aims to 

conserve ‘at least 75% of the most important areas for plant diversity of each ecological 

region’ (The Secretariat of the Convention on Biological Diversity, 2002). This target requires 

the surveillance of plant diversity and prioritization of important areas, a process that is 

occurring through the designation of Important Plant Areas (IPAs), a program co-ordinated by 
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PlantLife (PlantLife, 2010). The IPA criteria and designations have largely been applied to 

European areas, however, wider applications of the criteria have been conducted around the 

world; including Puerto Rico and Montserrat of the Caribbean (Figueroa Colon, 1996; 

Hamilton, Clubbe, Robbins, et al., 2008). Additionally, an assessment of the threatened flora 

of the Turks and Caicos, a group of islands lying in the Bahamas Archipelago, provides an 

example of the use of species distribution modelling to identify areas key to the conservation 

of three endemic plant species (Williams, 2009). These species distribution models combined 

with the assessment of each species under the criteria of the International Union for 

Conservation of Nature (IUCN) Red List of Threatened Species provide strong evidence for 

the designation of six IPAs in the Turks and Caicos Islands.   

The in-situ or site-based protection of endemic and near endemic plant species is recognized 

as key to the conservation of biodiversity, particularly where physical space may be limited as 

on an island, where there are a higher number of endemic plant species (Joppa, Visconti, 

Jenkins, et al., 2013). Protection for any plant species, not just endemics, takes place through 

a variety of designations from World Heritage Sites to community conserved areas (Dudley, 

2008), which are managed under a range of strategies from the non-use of resources to an 

integrated system of shared used. The identification, designation and management of 

protected areas must be specific to the given area and are governed by both the social and 

biological conditions of the area. These conditions include the economic, cultural and political 

implications of protected area designation as well as the goals for habitat and species 

conservation. In order for protected areas to function effectively for habitat and species 

conservation, the distributions of and threats faced by threatened species must be well 

documented and understood. The managers of protected areas must therefore take the 

distribution of species into account when both developing and managing areas of particular 

biological diversity. 

Reviews of the success of protected areas at international, national and regional scales have 

revealed gaps in the protection of biological diversity (eg. Rodrigues, Andelman, Bakarr, et 

al., 2004; Riemann & Ezcurra, 2005). Species distribution information for analysis of plant 

species can be drawn from historical collection records stored in the worlds’ herbaria as well 

as field surveys. Records gained from herbaria bear the common biases of collector 

preference. Data compiled directly from field surveys can be either targeted or general in the 

sense of target species, yet are susceptible to accessibility issues. Therefore, a complementary 

method for understanding species distribution is through modelling. The ability to completely 
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sample large areas in order to assess distribution is often difficult if not impossible, due to the 

noted accessibility issues as well as logistical considerations. Modelling allows smaller 

sampling areas to be used to make predictions about the distribution of a species over a larger 

area based on geographic and environmental predictor variables. Through this process the 

impact of environmental variables can be modelled and predictions of occurrence made based 

on presence of suitable habitat. The outputs of modelling can be used to understand protection 

over the range of a species habitat (Marshall, Platts, Gereau, et al., 2012) as well as identify 

areas that represent areas of special biological interest (Williams, 2009).  

A second target of the GSPC lies in the ‘assessment of the conservation status of all known 

plant species, as far as possible, to guide conservation action’ (The Secretariat of the 

Convention on Biological Diversity, 2002). The IUCN Red List of Threatened Species is a 

platform for international collaboration on species conservation through plant and animal 

species assessment (International Union for Conservation of Nature and Natural Resources, 

n.d.). The designation of species into various categories from Least Concern to Critically 

Endangered occurs through the standardised application of criteria as guided by expert 

opinion on each species. Each Red List assessment collates information on population trend, 

habitat, ecology, threats and conservation actions for each species, when available. This 

information accompanies the criteria on population size and reduction, geographic range as 

well as number of mature individuals (IUCN Standards and Petitions Subcommittee, 2014). 

The assessments highlight species and areas requiring conservation action. 

Species distribution modelling and an assessment of the representation of threatened species 

within protected areas can be used to designate IPAs and to assess the level of in-situ 

protection against threats to biodiversity loss. This study aims to supply useful conservation 

recommendations by:  

 Assessing the current distribution of threatened plant species on Anegada through 

MaxEnt modeling using a range of data including current survey fieldwork as well as 

analysis of the effect of disturbance on species presence  

 Identifying Important Plant Areas on the island by applying the PlantLife Criteria to 

the species distribution models 

 Assessing the representation of plant species within proposed protected areas  

 Completing IUCN Red List assessments for the endemic species of Anegada 
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1.1  Outline 

The first section of this paper introduces in-situ conservation methods such as protected areas 

and the Important Plant Areas programme, along with the use of species distribution modeling 

in conservation. Secondly, the background to MaxEnt modeling, gap analysis of protected 

areas and Red List conservation assessments is given. Also a background on the British 

Virgin Islands, Anegada and the five target species is provided. The third section outlines the 

field and analytical methods used in production of MaxEnt species distribution models, 

assessment of the impact of disturbance on species presence, protected are gap analysis and 

completion of Red List assessments. The fourth section provides results in the form of species 

distribution maps and a protected area coverage map as well as preliminary conservation 

assessments. Finally, the fifth section discusses the implications of modeling and gap analysis 

for the conservation of threatened species in Anegada, BVI. 
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2 Background 

 

2.1 Species Distribution Modelling in Conservation 

Species distribution modelling predicts the distribution of a species over a given area based on 

environmental and geographical predictor variables from known locations of the species 

(Guisan & Zimmermann, 2000). Distribution modelling is driven by the concept of niche 

theory: the fundamental niche being the full set of conditions which allow the species to 

survive. The distribution of a species indicated by modelling is an interpretation of the 

realized niche of that species, that is the portion of the fundamental niche that is actually 

occupied by the species, due to distribution barriers or anthropogenic interference amongst 

other factors (Austin, 2007). Austin (2002) calls this the ‘ecological model’ component that 

must be a part of every study involving a statistical analysis of species distribution. 

Elith(2002) highlights the historical, ecological and demographic factors that can affect the 

presence of a species at any given time. Therefore, the collection of predictor variables used 

and predictions made from any modelling must be interpreted with an ecological 

understanding of the species in mind. 

One method of species distribution modelling is defined through the attainment of a model 

with maximum entropy. Maximum entropy (MaxEnt) models produce probability 

distributions that are as close to uniform as possible over the entire area over which 

predictions are made (Phillips, Anderson & Schapire, 2006). This process uses presence-only 

data, which makes it very useful in cases of limited data or where absence was not recorded, 

for example, when modelling from herbarium specimens. MaxEnt software was created to 

predict the probability of species occurrence based on the ability to compare the presence of 

the species within a grid of predictor variables with a random sampling of background cells of 

the sampled area. The background cells represent ‘pseudo-absences’, in place of the absence 

that was not recorded, and allows for an analysis of the performance of the model (Phillips, 

Anderson & Schapire, 2006). As with any sort of modelling procedure, MaxEnt is sensitive to 

sampling bias; however, presence-only methods are particularly affected, as there are no 

absence records to indicate sampling effort. This bias is acknowledged in analysis by using 

background data with similar biases or indicating the biases within the sampling grid (Elith, 

Phillips, Hastie, et al., 2011). This issue can be minimized during data collection by using a 
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random selection method to sample equally across the area of study (Guisan & Zimmermann, 

2000).  

In order to select a model to predict species distribution, MaxEnt goes through a process 

called regularization. This balances the trade offs of the complexity (incorporating the many 

interactions that affect species distribution) and the generality (ability to predict over the 

desired area) of the model. The regularization output from MaxEnt is in the form of a 

Receiver Operating Characteristic (ROC) curve, indicating the ability of the model to 

correctly predict species presence at test locations (sensitivity) and the proportion of grid cells 

with suitable conditions (specificity)(Phillips, Anderson & Schapire, 2006).   

The results produced within MaxEnt can be visualized as a predicted probability distribution 

across a map of the desired area. The outputs can be interpreted as a distribution of probability 

between 0 and 1 within each grid cell over the entire range of the area of interest. This logistic 

output is criticized as it arbitrarily assumes the likelihood of a presence record being found in 

the suitable habitat at 50%, which may not be true for rare species (Elith, Phillips, Hastie, et 

al., 2011). However, the logistic output provides more easily interpreted models and allows 

predictions to be made where species prevalence may be unknown. A threshold can be set for 

which each grid cell is identified as either suitable or unsuitable habitat for the species based 

on a minimum value of the training data. Finally, MaxEnt produces a jackknife analysis of the 

individual predictor variables to investigate the contribution of each to the model (Phillips, 

2008). This is done by assessing changes in model performance with removal of each variable 

as well as models run with only the variable in question. This leads to an understanding of 

how various environmental or anthropogenic factors influence the distribution of the species 

individually.        

2.2  Important Plant Areas 

The Important Plant Areas (IPA) Program plays an integral part in meeting the targets of 

many multilateral environmental agreements such as the CBD and the Ramsar Convention on 

Wetlands of International Importance (Ramsar Secretariat, n.d.). The Important Plant Area 

program supports the GSPC by identifying areas of botanical importance that can be managed 

at a site-specific level (Anderson, 2002). The success of the Important Bird and Biodiversity 

Areas programme (BirdLife International, 2014), coordinated by BirdLife, has guided the 

creation of the IPA program and the consistent criteria needed to identify areas around the 

world for comparable conservation action. A set of standardised criteria consisting of the 
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presence of plant species of conservation concern, the existence of a particularly rich floral 

diversity and the presence of a habitat or vegetation type that is of particular conservation 

importance is used to assess areas (Table 2.2.1). If the area meets any one or more of these 

criteria it can be designated an IPA.  

The identification of IPAs aids in the recognition of sites that meet the criteria of ‘supporting 

populations of plant species important for maintaining biological diversity’ under the 

framework of the Ramsar Convention (Ramsar Convention Secretariat, 2010). While the 

designation of Important Plant Area does not confer any legal obligation, it inform nationally 

binding designations such as National Parks. Some methods for prioritizing areas of 

conservation action have been criticized (e.g. Knight, Smith, Cowling, et al., 2007), however, 

the IPA criteria combine multiple biodiversity metrics, i.e. both species and habitat types and 

are supported by expert opinion, therefore creating a more comprehensive and specific 

assessment of each area (Anderson, 2002).  

Table 2.2.1 Criteria used to designate Important Plant Areas. Adapted from Anderson (2002) 

 

Criterion Description 

Threatened 

Species 
A(i)  

Site contains globally 

threatened species 

A(ii)  
Site contains regionally 

threatened species 

A(iii)  

Site contains national 

endemic species with 

demonstrable threat not 

covered in A(i) or A(ii) 

A(iv)  

Site contains near 

endemic/limited range 
species with demonstrable 

threat not covered by A(i) or 

A(ii) 

Species Richness 

B  

Site contains high number 

of species within a range of 

defined habitat types 

Priority 

Threatened 

Habitats 

C(i)  
Site contains a priority 

threatened habitat 

Threatened 

Habitats 
C(ii)  

Site contains a priority 

habitat 
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In an analysis of IPAs in the Turks and Caicos Islands, Williams (2009) indicates the strength 

of using habitat suitability models to identify areas of high probability of occurrence that may 

connect current known populations of a given species. While the species may not exist in 

these areas currently, they are of particular importance for conservation as they can represent 

sites of potential future dispersal for threatened species. The predictive power of the models 

provides robust evidence for the identification of Important Plant Areas. Highlighting the 

threats to an identified IPA provide advice for proper management, both at the site and 

species level. The identification of threats to each of the IPAs recognized in the Falkland 

Islands and each threats level of significance to the site is an example of the application of 

prioritization for management of IPAs (Upson, 2012).       

 

2.3  Protected Areas Gap Analysis 

The analysis of the species represented within a country’s protected areas system contributes 

to an understanding of the successes and shortcomings of the system. The case for inclusion 

of a new protected area into the system can be strengthened based on the presence of endemic 

and threatened species (Rabearivony, Thorstrom, de Roland, et al., 2010). Analyses of the 

global protected areas system by Rodrigues et al. (2004) indicate that many of the gap species, 

those who’s range is not represented within any current protected area, have a high level of 

endemism. Other studies on gap analysis focus on the habitat types that hold endemic species 

and their representation within protected areas (Riemann & Ezcurra, 2005). These studies can 

provide recommendations for prioritization of protected areas based on both endemism and 

threatened habitat types. Marshall et al. (2012) highlight the difficulty of using a single genus 

(or few species) in the assessment of protected areas. The genus or suite of species under 

analysis is assumed as a surrogate for all biodiversity that could be protected; a potentially 

questionable assumption given the complexity of species-habitat interactions. Therefore, the 

metric by which biodiversity is measured must represent the goals of the given protected area.  

Gap analysis has been integrated into a national program in the United States to assess the 

success of the protection of plants and animals in that country and affiliated territories. Puerto 

Rico has been subject to an analysis of the area and percent of the range of species within 

various categories of land stewardship areas (Gould, Alarcón, Fevold, et al. 2008). Overlaying 

the known and predicted distributions of both common and rare, threatened species with the 

boundaries of lands managed by non-governmental organizations, Puerto Rican Government 
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authorities, the US Forest Service, as well as privately owned land allow for a detailed 

analysis of the protection level of terrestrial biodiversity in Puerto Rico. This systematic 

analysis of the protected area enables repeated measurements which can contribute to an 

ongoing understanding of the success of the Puerto Rican protected areas system.  

The Government of the British Virgin Islands, in conjunction with the National Parks Trust 

has recently compiled a protected areas system plan in order to update its management 

strategy with the growing complexity of its protected areas and to align with the multilateral 

agreements of BVI (Gardner, Smith-Abbott & Woodfield-Pascoe, 2008). This plan highlights 

the need for a gap analysis of the terrestrial habitats and resources that might be included in 

the protected areas system of BVI, as well as an assessment of current protected areas and 

threats facing the sites.  

 

2.4  Red List Assessments 

The IUCN Red List contains species that have been assessed into the categories of Least 

Concern (LC), Near Threatened (NT), Vulnerable (VU), Endangered (EN), Critically 

Endangered (CR), Extinct in the wild (EW) and Extinct (EX). The five criteria used to place 

species into these categories are: A. Declining population, B. Geographic range size and 

fragmentation, decline or fluctuation, C. Small Population size and fragmentation, decline or 

fluctuation, D. Very small population or very restricted distribution and E. Quantitative 

analysis of extinction risk (IUCN Standards and Petitions Subcommittee, 2014). The species 

must meet the threshold of any one criterion to be listed in a particular category. The main 

criterion that is used, particularly for plants, is based on the geographic range of the species. 

This criterion includes the species’ Extent Of Occurrence (EOO), a measure of the spatial area 

currently covered by a species as measured within a polygon drawn around the known 

individuals and the Area Of Occupancy (AOO), the area of suitable habitat within the EOO 

that is actually occupied (IUCN, 2012).  

 

2.5  Area of Study 

The Caribbean, a hugely diverse area of the world, constitutes one of the most threatened 

biodiversity hotspots with only approximately 11.3% of primary vegetation remaining 

(Myers, Mittermeier, Mittermeier, et al., 2000) and like many other island systems contains a 

high number of endemic species (Torres-santana, Santiago-valentín, Sánchez, et al., 2010). 
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The geography of the Caribbean has lead to many different habitat types and the presence of a 

large diversity in flora (Acevedo-Rodríguez & Strong, 2012). Acevedo-Rodriguez and Strong 

(2012) report approximately 7920 species endemic to the West Indies; an area which includes 

the Bahamas Archipelago, Greater Antilles and Lesser Antilles. Current threats faced by both 

flora and fauna in the region, like many other biodiverse areas include: development of 

infrastructure and spread of invasive species. The current occurrence of damaging weather 

events, such as hurricanes, in the Caribbean are expected to become more severe with higher 

winds and rainfall (Petit & Prudent, 2010). Additionally, on many of the islands in the 

Caribbean, feral livestock such as goats, donkeys and cattle are damaging plants in particular, 

through grazing and exposing soil to erosion (e.g. Melendez-Ackerman, Cortes, Sustache, et 

al., 2008). 

The British Virgin Islands lie in the centre of the Caribbean and are a part of the Puerto Rican 

Bank phytogeographic region (Figure 2.5.1). This area includes Puerto Rico and associated  

Figure 2.5.1 Location of Anegada within the British Virgin Islands; Inset showing location of Virgin 

Islands within the Puerto Rican Bank of the Caribbean 
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islands as well as both the US and British Virgin Island groups. These islands have similar 

geologic, floral and faunal histories due to an historic land connection during the lower sea 

level of the last ice age (Island Resources Foundation, 2013).  

 

 

Figure 2.5.2 Anegada, the second largest of the British Virgin Islands 

 

Anegada (Figure 2.5.2), the second largest island of BVI, differs from the rest in that it is a 

low lying limestone formation and the only non-volcanic island in the group (Clubbe, 

Gillman, Acevedo-Rodríguez, et al., 2004). The island reaches an elevation of only 

approximately 8m and is approximately 38 km squared in size (Island Resources Foundation, 

2013).  A limestone plain characterizes the eastern half of the island with flooded salt ponds at 

the eastern end, while the western half is made up of a mix of sand dunes and salt ponds. The 

presence of the easterly trade winds across the low-lying island in addition to the limestone 

substrate has resulted in xerophytic conditions. As there are no official temperature records 

for Anegada, averages are extrapolated from nearby islands. The yearly average high for 

Virgin Gorda, an island located approximately 24km south of Anegada, is 28.6 degrees 

centigrade (Island Resources Foundation, 2012). The island, like the rest of the Caribbean is 
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subject to severe storm events and hurricanes, the main season for these events being between 

June and November (National Weather Service, 2014). The dry conditions of Anegada result 

in a characteristic scrub and thicket vegetation covering much of the dune and limestone areas 

with some remaining woodland in the eastern half of the island as well as on the cays of the 

Western Ponds (McGowan, Broderick, Clubbe, et al., 2006a). A tract of mangroves, 

representing 75% of all found in BVI are located along the south-east coast of the island; an 

important area for birds and other wildlife (Sanders, 2006).  

2.6  Environmental Legislation in BVI 

The British Virgin Islands is signatory to both international and national level environmental 

agreements. The CBD acts as the main international treaty for guiding terrestrial conservation 

activity, informing national level legislation such as the Physical Planning Act (Physical 

Planning Act, 2004). Another multilateral agreement, which is of particular importance to 

Anegada, is the Ramsar Convention on Wetlands, through the designation of the Western Salt 

Ponds as a wetland of international importance in 1999. A second area, the Eastern Ponds, is 

currently being proposed as a Ramsar site (Joint Nature Conservation Committee, 2011). 

While holding an internationally recognized designation neither site currently holds a 

nationally recognized designation (Gardner, Smith-Abbott & Woodfield-Pascoe, 2008). In 

addition, Ramsar sites in general hold no legally binding measures of biodiversity protection 

for contracting parties thereby leaving designated areas at risk from destructive actions. 

Therefore, the process of designating the nationally recognized and legally binding protected 

areas of Anegada is currently underway (Gardner, Smith-Abbott & Woodfield-Pascoe, 2008). 

This process is occurring through the action of the National Parks Act (Department of 

Conservation and Fisheries, 2005) and Regulations (2008) as governed by the National Parks 

Trust (NPT) of BVI.  

The current protected areas system in BVI includes 19 National Parks, 1 historic site, 1 

Ramsar site and 1 marine park (Gardner, Smith-Abbott & Woodfield-Pascoe, 2008). The 

proposed sites include two areas on Anegada: the Western Salt Ponds, as a Protected 

Landscape and the Eastern Ponds as a National Park. The Western Salt Ponds, the current 

Ramsar site is a rare and significant habitat type within the Caribbean and is a significant site 

for endemic plants, birds, iguanas and spawning fish (Joint Nature Conservation Committee, 

2008). The boundaries of the proposed Eastern Ponds National Park cover the large tract of 

mangrove habitat existing along the eastern coast of the island (Gardner, Smith-Abbott & 

Woodfield-Pascoe, 2008). These two designations represent a significant contribution to in-
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situ conservation within Anegada; therefore, a detailed understanding of the species and 

habitats they protect is necessary.      

In addition to the acts of creating protected areas on the islands, a number of biodiversity 

action plans have been instituted, including a National Environmental Action Plan 

(Department of Conservation and Fisheries et. al. 2004) and an Action plan for the Coastal 

Biodiversity of Anegada. The conservation priorities for not just plants, but also birds, sea 

turtles and habitats of the island in general have been identified by both specialists and 

community members (McGowan, Broderick, Clubbe, et al., 2006). These include long term 

habitat protection through the establishment of a protected areas system, ecologically sound 

land use planning, monitoring of key species and control of invasive species.  

 

2.7  Species of Interest 

2.7.1  Flora of Anegada 

There are 332 plant species recorded on Anegada, 288 of which are native to the island 

(McGowan, Brodrick and Clubbe et al., 2006). The vegetation is largely characterized by 

low-lying xerophytic scrub that is adapted to the dry environment. The five species in this 

study have previously been identified as threatened and occur in habitats representing both 

the limestone and sand dune areas of Anegada (Clubbe, Gillman, Acevedo-Rodríguez, et al. 

2004; Pollard & Clubbe, 2003). These characteristics allow for an assessment of IPA 

designation using both threatened species and habitat criteria, as well as an assessment of the 

coverage of threatened species by the proposed protected areas.     

2.7.2  Metastelma anegadense  

Metastelma anegadense, known locally as wire wist, is an herbaceous, climbing vine 

currently found on Anegada. A single individual was recently found on the northern coast of 

Virgin Gorda, however, there has been increased disturbance through road clearance to the 

site and the plant has not been found again (M. Hamilton, pers. comm. 2014). The species is 

known to be found on the sand dunes of the western half of Anegada with few individuals on 

the limestone plain of the eastern half of the island. It has small, greenish-yellow flowers in 

few to several flowered cymes. The seeds are dispersed by wind as they have a very 

pronounced pappus (pers. obs.; Figure 2.7.1). It was listed as Critically Endangered on the 

IUCN Red List in 2003 due to its restricted distribution (Clubbe, Pollard, Smith-Abbott, et al, 

2003). This study aims to update the Red List assessment with current population and 
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distribution information. A campaign, to give the species its common name and create posters 

to display around the island has raised awareness about this threatened species amongst the 

people of Anegada (McGowan, Broderick, Clubbe, et al., 2006b).  

            

Figure 2.7.1 Metastelma anegadense, Left:  the climbing vine in flower; Right: pod with seeds 

 

2.7.3  Argythamnia stahlii  

Argythamnia stahlii, or Blunt leaf silver bush, is found on Puerto Rico, St. John (of the US 

Virgin Islands) and Anegada. A member of the Euphorbiaceae family, it is a small sub-shrub 

to about 30 cm in height. The leaves are approximately 2 cm long and covered with hairs, 

which when the leaves are young make them appear silver. The male and female flowers are 

very small and found in raceme groups. The fruit is a capsule that is approximately 6 mm 

broad, 3-lobed and green to straw coloured. It is recognized as vulnerable within its native 

habitat (Pollard & Clubbe, 2003).  

 

 

 

 

 

 

Figure 2.7.2 Argythamnia stahlii 
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2.7.4 Senna polyphylla var. neglecta  

Senna polyphylla var. neglecta, found only on Anegada, is a small tree that is two to four 

meters tall. The plant has compound leaves with 3-4 leaflet pairs and yellow flowers with 

obovate petals approximately 1.5 cm long. S. polyphylla var. neglecta has a legume fruit 

approximately 8-15 cm long and is slightly depressed between the seeds. This variety is found 

in the limestone scrub of the central and eastern portions of Anegada. The other varieties of 

the species are found on Puerto Rico and Hispaniola. The variety present on Puerto Rico 

appears to be dispersed by livestock and the same may be true of Anegada, as there is also 

feral livestock present there (Francis, 1988). 

                 

Figure 2.7.3 Senna polyphylla var. neglecta; Left, shrub habit; Right, branch with compound leaves and 

old flower. 

 

2.7.5  Malpighia woodburyana  

Malpighia woodburyana, a Puerto Rican bank endemic, is found on the limestone plains of 

Anegada. It is a shrub of approximately 1 to 2.5 meter in height and the entire plant is covered 

in irritant hairs. The leaves are 6 to 8 cm long and the flowers are white with clawed petals 

approximately 1 cm long. The fruit is a small red drupe approximately 1.5 cm in diameter 

with ridges. The species was identified has endangered based on fragmentation and the threats 

faced through the reduction habitat, as well as the small population size (Pollard & Clubbe, 

2003).   
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Figure 2.7.5 Malpighia woodburyana, heavily browsed shrub habit 

 

2.7.6  Leptocereus quadricostatus   

Leptocereus quadricostatus, known as prickly web on the island, is a species of the cactus 

family. It is found on the limestone habitat within the western salt ponds as well as in the east 

end of the island. The species is also found on Puerto Rico, however, it is estimated that 90% 

of the world’s population is found on Anegada (Darwin Anegada, 2006). The scrambling 

cactus grows to be 2 to 4 meters tall and has greenish flowers. The species has been listed as 

Endangered on the IUCN Red List based on its restricted range and the decreasing quality of 

its habitat (B1ab(iii) ver 3.1; Gann & Taylor, 2013). The clumped growing nature of L. 

Figure 2.7.4 Malpighia woodburyana, leaves showing irritant hairs 
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quadricostatus make a mature individual count difficult and the second population on 

Anegada had not been acknowledged by Gann and Taylor in their assessment, therefore the 

further analysis of suitable habitat on Anegada is required to report a more detailed 

distribution.   

 

Figure 2.7.6 Leptocereus quadricostatus 
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3  Methods 
 

3.1  Field Data Collection 

Fieldwork was carried out on the island of Anegada, British Virgin Islands from June 16th to 

July 9th, 2014.  Access to sampling areas was reached by roads, tracks and trails around the 

island. The MaxEnt modelling process requires a random sampling procedure and transects 

were chosen to equally represent the island based on habitat stratification. This method was 

chosen to best avoid spatial autocorrelation and ensure even sampling of each habitat type 

(Guisan & Zimmermann, 2000). Six main habitat types were identified; limestone scrub, 

limestone thicket, limestone woodland, dune scrub, dune thicket and developed areas based 

on a habitat vegetation map produced by Kew Gardens and The NPT of BVI (unpublished 

map derived from McGowan, Broderick, Clubbe, et al., 2006a). The complete randomization 

of transect choice was hindered by accessibility issues through thick scrub growth as well as 

time constraints on the island. Sampling access based on roads may add bias to the impact of 

distance to roads; however, quadrat data was always taken at least 2 meters off road to avoid 

oversampling of highly degraded areas. Transects of at least 500m were walked by foot and a 

site assessment point was taken every 100m. Each site assessment point (SAP) consisted of a 

5m x 5m quadrat. 

Presence/absence for each target species was recorded in each SAP, along with other 

environmental variables (See Table 3.1.1). These include information on habitat type, 

disturbance level and invasive species presence. While MaxEnt requires only presence data, 

absence data is used in generalized linear model (GLM) analysis of specific variable 

contribution to species presence predictions. 

If one or more of the target species was present within the quadrat further information specific 

to each species was gathered, such as indications of reproduction (See Table 3.1.2). Data was 

collected as site and species points into ArcPad map layers (version 10.2.1, ERSI) on a 

handheld GPS (Juno SD Handheld, Trimble, 

http://www.trimble.com/mappingGIS/junoS.aspx). The data was uploaded into BRAHMS 

(Botanical Records and Herbarium Management System, available at: 

http://herbaria.plants.ox.ac.uk/bol/) and Excel for cleaning prior to analysis. 
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Table 3.1.1 Data collected at each 5m x 5m quadrat 

Data Collected Description 
Locality Notes Alongside trail, Alongside road, Disturbed area, Along coast, 

Forested area, Open area, Scrub area, Developed area, Intact area, 

Unknown                                                                                                                                                                                                                                            

Species Presence/Absence Present, Absent, Nearby 

 

Habitat Type Anthropogenic, Bare Soil, Buttonwood, Coastal Sand/Beach, Dry 

Salt Flats, Dune Scrub, Dune Thicket, Halophytic Herbaceous, 

Limestone Scrub, Limestone Thicket, Limestone Woodland, 

Mangrove 

Major Geological Type Limestone 

Soil Type Humus, Sand, Rock 

Disturbance Level Intact, Partially Disturbed, Heavily Disturbed, Unknown 

Threat type Grazing, Disturbance, Trail, Track, Road, Recreation, Invasives, 

Weather Events, Unknown 

Invasive Species None, Encroaching, Overtaking, Dominating, Other 

Canopy Height Height of highest vegetation in transect to nearest meter 

Canopy Cover Percentage of shade to the nearest 5%   

Ground Cover Percentage ground cover of vegetation to the nearest 5% 

 

 

Table 3.1.2 Data collected for each target species present in the quadrat 

Data Collected Description 
Frequency of target species Abundant, Common, Frequent, Occasional, Rare, Unknown, N/A 

Count of mature individuals of 

target species 

1-50 

Presence/Type of reproductive 

structure on target species 

Flowering, Buds, Reproductive Structures, None, N/A 

Presence/Type of fruiting 

structures on target species 

On Plant, Nearby, None, N/A 

Presence/Type of recruitment 

of target species 

Seedlings, Propagules, Saplings, None, N/A 

Any observed presence of 

pollinators 

Moth, Butterfly, Bee, Other, None Observed, N/A 

Observed health of plant Pest - None; Disease – None, Pest – None, Pest - Light Infestation, 

Pest - Heavy Infestation, Disease – None, Disease – Leaves, 

Disease – Stem, N/A 

 

Representative collections of herbarium specimens and DNA from each target species, except 

Leptocereus quadricostatus, were made across the distribution of the species. The voucher 

specimens are used for confirmation of species identity and can be used alongside the DNA 

collections in future population or individual genetic analysis. L. quadricostatus was not 
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collected due to the extreme rarity of the species and photos of all populations encountered 

were used in place of collections for identification purposes.  

3.2 MaxEnt Modelling 

3.2.1  Data preparation 

Presence data for all species was converted into .csv format for use in MaxEnt (version 

3.3.3k, available at: http://www.cs.princeton.edu/~schapire/maxent/). Additional presence 

data from previous fieldwork was provided by the Royal Botanic Gardens, Kew (RBGK) and 

included in the datasets to increase modelling power.  Environmental layers used in analysis 

include: a digital elevation model (DEM), slope, North-South Aspect, East-West Aspect, 

distance to coasts, distance to roads, distance to buildings, distance to inland water bodies and 

habitat vegetation categories. (See Table 3.2.1 for descriptions). These layers were processed 

at a 10mx10m resolution and converted into Ascii format at RGBK. The resolution at which 

the layers are available and the general tendency of buildings to be near roads leads to the 

addition of highly correlated variables, namely distance to roads and distance to buildings to 

be included in the models. This could lead to bias and has been taken into account in 

interpretation of all models. Additionally, the low elevation of the island and the original 

processing of the DEM caused some known areas of land to be characterized as having no 

data within the environmental layers, the same as ocean or salt pond values. This caused some 

presence records, particularly those close to salt ponds to be unusable in MaxEnt analysis due 

to missing environmental data.  

Table 3.2.1 Environmental layers used in MaxEnt modelling 

Layer Description 

DEM (Digital Elevation Model) Elevation information  

Slope Percent angle of terrain 

Northness Aspects North-South 

Eastness Aspects East-West 

Distance to Coast General Distance to All Coasts 

Distance to Road General Distance to Roads  

Distance to Buildings General Distance to Buildings 

Inland Water bodies General distance from non-ocean water bodies 

(i.e. saltponds) 

Vegetation Habitat Major vegetation habitat types across the 

island, from NPT/Kew map 

 

3.2.2  MaxEnt Analysis 

Initially, models were created using a 4 fold cross-validation run type. During this process the 

program fits four different models each with a different 25% of presence points as the test 
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data and the other 75% as training data. After this a full model was fit using all the presence 

points as training data. From these runs the 2 variables least contributing to the models were 

identified and further models were run omitting these variables singly and in combination. 

Models were also fit excluding anthropogenic features: distance to roads and distance to 

buildings. The model with the highest area under the receiver operating curve (AUC) value 

was chosen as the final model on which to base predictions. While the use of the AUC as a 

model performance parameter has been critiqued due to spatial constraints as well as the 

comparison of presences to background data, not absences (Lobo, Jiménez-Valverde, & Real, 

2008; Merow, Smith & Silander, 2013), it has been used here in addition to individual 

variable contribution and areas of known absence to choose the most useful model for each 

species. For all models program default settings of 500 maximum iterations, a convergence 

threshold of 10
-5

 and a regularization multiplier of 1 were used. 

To create a binary map of suitable and unsuitable habitat for each species the .asc file of the 

distribution probability was imported into ArcGIS (ESRI, Version 9.2) and converted into 

Raster format. An appropriate threshold of the minimum probability that signifies suitable 

habitat was chosen between either the minimum training presence value or the 10 percentile 

training presence value to characterize the predicted area.  

3.3 The effect of disturbance on species presence 

Understanding a species’ response to various types of disturbance can help make predictions 

of the impact of future development. The main development impacts in Anegada consist of 

roads and associated clearance for widening; housing, which is mostly contained to The 

Settlement; development of hotels and other tourist infrastructure, largely found along the 

coast of the island and the clearance of areas for keeping livestock. Plans for the continued 

development of Anegada makes studying these processes critical to the conservation of 

threatened species. 

The variables used in GLM analysis were distance to roads, distance to buildings, distance to 

coast (as a measure of how coastal development might affect each species) and a three part 

disturbance index (heavily disturbed, partially disturbed or intact). Distance data for each 

species presence record was derived from the environmental layers used in MaxEnt analysis 

and the index values were assessed for each quadrat during the field survey. A maximal GLM 

model was fit including the contribution of each variable and all possible 2-way interactions. 

A binomial family error structure with the canonical logit link function was used in the 
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analysis. A stepwise process of model simplification was used by testing the significance of 

removal of each model component to the overall residual deviance and value of Akaike’s 

information criterion (AIC) as described by Crawley (2013).  The final model was chosen to 

include all significant variables and have the lowest AIC value; as a measure of the goodness 

of fit of the model.   

3.4  Protected Area Gap Analysis  

The protected area boundaries for the Western Ponds Protected Landscape and the Eastern 

Ponds National Park were digitized and provided by the National Parks Trust of BVI and 

RGBK. In QGIS (Version 2.4; accessible for download from  http://www.qgis.org/en/site/), 

the presence points for each species were overlain by the protected areas boundaries to assess 

the location of the individuals in relation to the Western Ponds/Ramsar site and the Eastern 

Ponds areas. The percentage of the sampled population on Anegada within the proposed 

protected areas was calculated. Signs of deteriorating condition and development within the 

boundaries of the Western Ponds/Ramsar area were assessed using GoogleEarth satellite 

imagery to summarize threats in the area.   

3.5  Red List Assessments 
The IUCN Red List Categories and Criteria (IUCN, 2012; See Appendix 1 for Criteria) were 

used to identify the preliminary status of both M. anegadense and Senna polyphylla var. 

neglecta, as these two species are current endemics to the island and can be immediately 

assessed without access to additional international species points. The geographic range 

criterion was used for these two species. All known presence records for the two species were 

loaded into GeoCAT (Bachman, Moat, Hill, et al., 2011; available at http://geocat.kew.org/). 

The Area of Occupancy (AOO) and Extent of Occurrence (EOO) were calculated. A 

summary of threats facing each species, as well as conservation efforts was also compiled to 

supply evidence towards placement into the identified category. 
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4  Results 
 

4.1 MaxEnt Species Distribution Modelling 

Maps displaying the probability of the presence of 4 species are shown in Figure 4.1.2, Figure 

4.1.5 , Figure 4.1.8, Figure 4.1.11. The four presence records of Leptocereus quadricostatus 

reduce the reliability of MaxEnt modelling, therefore, the full process of model selection was 

not carried out; however, a model using all data for training was created to assess potential 

areas to survey for the species (Figure 4.1.14 and Figure 4.1.15). The final model for all other 

species was chosen based on highest AUC value as well as visual inspection of model 

predictions. For each species the contribution of each variable to the final model, as well as 

the training and test AUC, is shown in Table 4.1.1. A threshold binary map of suitable and 

unsuitable habitat is also shown for each species in Figure 4.1.3, Figure 4.1.6, Figure 4.1.9 and 

Figure 4.1.12. These maps highlight areas of particular importance to each species that can be 

identified as IPAs.  

Table 4.1.1 Percent Variable contribution to the final MaxEnt Model 

Variable M. anegadense A. stahlii 
S. polyphylla  
var.neglecta 

M. 
woodburyana 

L. 
quadricostatus 

      

Habitat 17 19.3 23.3 N/A 20 

Roads 19.5 14.7 26.4 19.1 0 

Build  18.8 38.9 0 1 0 

Coast 17 4.7 0.4 5.6 5.2 

Inland Water 8.5 1.1 23 10.7 62.6 

DEM 10 11.7 14.2 16.2 0.2 

East 3.6 4.1 0.6 36.4 0 

Slope  4.3 2.3 10 2.1 12.1 

North 1.4 3.3 2.1 8.9 0 

      

Training AUC 0.913     0.876 0.946 0.935      0.983 

Test AUC 0.881 0.833 0.986 0.926                         N/A   
      

 

4.1.1 Metastelma anegadense distribution 

Metastelma anegadense is predicted to be present in the western dune areas of Anegada, just 

East of the Ramsar area and at a lower probability in the Warner Area of East Anegada as 

well as on the cays of the Western Ponds (Figure 4.1.2). Distance to roads and buildings were 

found to be the most contributory factors in the final model with values of 19.5% and 18.8%, 

respectively. However, these contributions differed across model runs indicating multiple 

variables with high importance in model selection. This reflects the wide ranging conditions 
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over which this species exists (Appendix 2, Table 2.1). Additionally, the ROC is shown in 

Figure 4.1.1, and indicates a test AUC of 0.881. The value threshold used to identify suitable 

habitat was the minimum training presence value. The suitable/unsuitable habitat map for M. 

anegadense suggests that much of the western portion of Anegada, excluding near developed 

areas as well as a portion of the eastern limestone plain as well as the cays, is suitable habitat 

for the species (Figure 4.1.3).   

 

Figure 4.1.1 Receiver Operating Characteristic (ROC) Curve for Training and Test Data of Metastelma 

anegadense 
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Figure 4.1.2 Metastelma anegadense, Predicted logistic probability distribution map 
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Figure 4.1.3 Metastelma anegadense, Predicted Habitat Suitability Map 
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4.1.2 Argythamnia stahlii distribution 

The final model for Argythamnia stahlii predicts high probability of presence on the cays 

within the Western Ponds as well as an area South of Soldier Point and with lower probability 

in the Warner area (Figure 4.1.5). Distance to buildings was found to be the highest 

contributing factor in the final model at 38.9% (Table 4.1.1) and was consistently the highest 

contributing factor in all model runs (Appendix 2, Table 2.2). Habitat type was also found to 

contribute to the models for this species at 19.3%. The ROC for A. stahlii shows a test AUC 

of 0.833 for the final model (Figure 4.1.4). The suitable habitat for this species is predicted 

over much of the limestone plain of the Eastern part of Anegada as well as on the limestone 

keys of the Ramsar site of western Anegada (Figure 4.1.6). For this species, the 10 percentile 

training presence value was used as a threshold for the identification of suitable habitat. This 

threshold includes 90% of the data used to train the model, therefore is generally a more 

constrained estimate of suitability.    

 

 

Figure 4.1.4 Receiver Operating Characteristic (ROC) Curve for Training and Test Data for 

Argythamnia stahlii 
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Figure 4.1.5 Argythamnia stahlii, Predicted logistic probability distribution map 
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Figure 4.1.6 Argythamnia stahlii, Predicted Habitat Suitability Map 
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4.1.3 Senna polyphylla var. neglecta distribution     

Senna polyphylla var. neglecta is predicted as a very restricted species. It is predicted with 

very high probability to be present within an area south of Soldier Point and with lower 

probability in an area north-east and north-west of the Settlement as well as in the East End 

(Figure 4.1.8). Distance to roads was found to be important to the final model with a 

contribution of 26.2%. The habitat vegetation type was the second most contributory factor at 

23.3% towards the final model (Table 4.1.1). This model also had the highest AUC value, 

0.986 as seen from the ROC (Figure 4.1.7). The suitable habitat, identified using the 

minimum training presence threshold, is shown in Figure 4.1.9 and is located South of Soldier 

point, at the farthest East end of the island as well as in patches of the Warner area of the 

central limestone plain.   

 

 

Figure 4.1.7 Receiver operating Characteristic (ROC) curve for Training and Test data for Senna 

polyphylla var. neglecta 
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Figure 4.1.8 Senna polyphylla var. neglecta, Predicted logistic probability distribution map 
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Figure 4.1.9 Senna polyphylla var. neglecta, Predicted Habitat Suitability Map 
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4.1.4 Malpighia woodburyana distribution 

The model predictions produced by the presence records of Malpighia woodburyana indicate 

the irregular patterns of distribution displayed by this species (Figure 4.1.11). The 

contribution to the final model of the most contributory factor, East aspect, is 36.4% as seen 

in Table 4.1.1. High probability of presence is scattered in small areas across the cays and the 

eastern portion of the island. Distance to roads was found to be the second most contributing 

factor at 19.1%. The AUC for this model is 0.926, as seen on the ROC (Figure 4.1.10). This 

model was derived after eliminating the most contributory factor from previous models 

(Appendix 2, Table 2.4). This may indicate the high complexity of each of the variables and 

how a better fit was gained when the entire model was simplified through variable removal. 

The minimum training presence threshold created a widespread suitable habitat prediction for 

M. woodburyana; indicating that much of the island is suitable (Figure 4.1.12). 

 

 

Figure 4.1.10 Receiver Operator Characteristic (ROC) Curve of Training and Test data for Malpighia 

woodburyana 
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Figure 4.1.11 Malpighia woodburyana, Predicted logistic probability distribution map 
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Figure 4.1.12 Malpighia woodburyana, Predicted Habitat Suitability Map 
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4.1.5 Leptocereus quadricostatus distribution 

Distance to inland water had the highest contribution to the training model of the species 

distribution of Leptocereus quadricostatus at 62.6% (Table 4.1.1). The probability of species 

presence is predicted to be highest along the limestone edges of the salt ponds, both in the 

West and the East salt pond areas of the island and the predicted suitable habitat based on the 

minimum presence threshold mirrors this (Figure 4.1.14 and Figure 4.1.15). The AUC 

indicates that the model fits the data very well; however this is the result of a model trained on 

4 occurrence records and could be evidence of a relic of the restricted presence records over 

the entire predicted area (Figure 4.1.13). 

 

Figure 4.1.13 Receiver Operating Characteristic (ROC) curve for Training data for Leptocereus 

quadricostatus
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 Figure 4.1.14 Leptocereus quadricostatus, Predicted logistic probability distribution map 
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  Figure 4.1.15 Leptocereus quadricostatus, Predicted Habitat Suitability Map 
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4.2 The effect of disturbance on species presence 

Generalized linear model analysis of disturbance factors allowed the investigation of the 

impact of individual factors on species presence. Models were run for the same four species 

as in section 4.1; L. quadricostatus is not included due to scarcity of data points (n=4). 

Distance to roads and distance to buildings were found to be highly correlated; therefore 

distance to buildings was removed as a variable from all GLM analyses to reduce 

confounding effects of the correlated variables. The stepwise process of model simplification 

as well as the final model for each species can be seen in Appendix 3.  

4.2.1 Effect of disturbance on M. anegadense 

 Distance to coasts was found to be most significant for presence of Metastelma anegadense 

(z = -3.036, df = 317, p<0.01). This is supported by the significant prevalence of M. 

anegadense in areas with a sand soil type (z= 4.813, df= 352, p<0.01; Figure 4.2.1). Distance 

to roads was also found to have negative impact on presence of this species (z = -2.242, df = 

317, p<0.05). Therefore, M. anegadense is decreasingly found with increased distance from 

roads.  

 

 

Figure 4.2.1 Number of sites containing Metastelma anegadense with different soil types 
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4.2.2 Effect of disturbance on A. stahlii 

Distance to coast was found to be the main significant factor affecting presence of 

Argythamnia stahlii (z = 4.844, df = 301, p<0.01).  This suggests that the species is more 

often found with increasing distance from coasts. The low number of species found in areas 

with sand, typical of coastal areas of Anegada, supports this (Figure 4.2.2). Intact habitat and 

distance to coast interact in the GLM analysis, therefore, in the intact habitats the distance 

from coast has a negative impact on presence (z = -2.718, df = 301, p<0.01).  

 

Figure 4.2.2 Number of sites containing Argythamnia stahlii with different soil types 

 

4.2.3 Effect of disturbance on S. polyphylla var. neglecta 

The small number of presence records S. polyphylla var. neglecta (n=22) leads to difficulties 

in interpreting model predictions through very high estimates and standard errors. The 

interaction between distance to roads and distance to coast was found to be the most important 

to this species (z = 2.850, df = 299, p<0.01). This indicates that as distance to road increases 

the additive effect of distance to coast has a positive effect on presence of this species. The 

species is mostly found bounded by the main roads on the limestone plain in the centre of the 

island and this is reflected in the significance of the effect of distance to roads on species 

presence (z = -2.267, df = 299, p<0.05).  
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4.2.4 Effect of disturbance on M. woodburyana 

None of the disturbance factors used in analysis were found to be significant to the presence 

of M. woodburyana. The sample size for this species, 17, is quite small and this is most likely 

to have lead to difficulties in defining species presence through disturbance GLM modelling. 

The species was more commonly found in the limestone habitat of the island (Figure 4.2.3).  

 

Figure 4.2.3 . Number of sites containing M. woodburyana in different habitat types. The halophytic 

habitat is characterized by salt loving plants found around the salt ponds of Anegada. 

 

4.3 Gap Analysis 

For each species the percent of the sampled group within the proposed protected areas was 

calculated (Figure 4.3.1). A map showing occurrence of the threatened species on Anegada 

can be seen in Figure 4.3.3. Maps for each species individually are found in Appendix 4. S. 

polyphylla var. neglecta has the lowest presence inside a protected area at only 9%. These 

individuals are found within the Eastern Ponds area. M. woodburyana was found within both 

the Western and Eastern Ponds areas with a total of 52% of the sampled population. This 

owes to the high number found on the limestone cays of the Western Ponds. Both A. stahlii 

and M. anegadense are protected at similarly low levels of 28% and 38% respectively. The 

protected individuals of both species are within the Western Ponds proposed protected area. 

Recent satellite imagery shows development in the Western Ponds area in the form of housing 

as well as clearance for livestock (Figure 4.3.2). Additionally, vehicle and foot trails 

extending into the protected area can be seen via satellite imagery.        
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Figure 4.3.1 Percent of sampled population inside the Western Ponds and Eastern Ponds proposed 

protected areas 

 

 

 

 

Figure 4.3.2 Development and Disturbance in and surrounding the Western Ponds proposed protected 

area. Orange line indicates the boundary of the proposed Western Ponds Protected landscape. Green 

indicates vehicle and foot tracks and development. 



46 
 

 

 

 

Figure 4.3.3 Occurrence of Threatened Species in Anegada, BVI. 
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4.4 Conservation Assessments 

Both S. polyphylla var. neglecta and M. anegadense are preliminarily assessed as Critically 

Endangered, based on Criteria B, geographic range. The AOO and EOO calculated for each 

species are displayed in Table 4.4.1, as well as the criteria used to justify the assessment. The 

AOO for Metastelma anegadense has been calculated as 43km
2
, which is larger than the area 

of the Anegada. This is due to the default 2km grid cell GeoCAT used to calculate AOO. The 

adjusted AOO, from field survey estimation is approximately 15 km
2
. Similarly, the AOO of 

S. polyphylla var. neglecta is also estimated to be approximately 8km
2
 based on field survey 

data. The island is acknowledged as a single location, meeting condition a: number of 

locations = 1. Additionally for both species there is an inferred continuing decline of the area, 

extent and quality of habitat (condition b, iii; Appendix 1). 

Table 4.4.1 Geographic Extent data from GeoCAT for S. polyphylla var. neglecta and M. anegadense. 

Numbers in brackets indicate the predicted AOO from field surveys; all other numbers are calculated 

from GeoCAT. 

 AOO (km
2
) EOO (km

2
) Criteria  Category 

     

S. polyphylla var. neglecta 20 (8km
2
) 12 B1,a,b(iii)+2a,b(iii) Critically 

Endangered 

     

M. anegadense 43 (15km
2
) 28 B1,a,b(iii) Critically 

Endangered 

     

 

Metastelma anegadense is threatened by a reduction in habitat size and quality through sand 

mining and development. It is currently in ex-situ collections in both living and seed 

collections, partially composed of seed collected during this project (T. Heller, pers. comm. 

2014) and is present in proposed protected areas on Anegada.  

Senna polyphylla var. neglecta is a highly restricted variety threatened through disturbance 

from road and human development. It is currently found in both living and seed ex-situ 

collections (T Heller, pers. comm. 2014). Only a very small portion of the species is found 

within the Eastern Ponds proposed National Park. 
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5 Discussion 
 

5.1 Overview 

The use of multiple environmental and anthropogenic factors in the modelling of species 

distribution provides robust predictions of species habitat suitability. Distribution can be 

further investigated through the individual effect of variables on species presence. The models 

created in MaxEnt are interpreted with a combined biological understanding of habitat, soil 

and disturbance types across the island. This analysis allows an understanding of relative 

impacts of anthropogenic and natural conditions on species presences and to apply predictions 

to the identification of Important Plant Areas. The species presence points can be used to 

assess trends of species population protection within the proposed protected areas and indicate 

threats to the species and its habitat. The distribution, threat and protection information 

gathered from the current analyses are also valuable for completion of the Red List 

conservation assessment of prioritized threatened species.     

5.2 Use of Species Distributions Models for Conservation  

 

5.2.1 Metastelma anegadense 

The occurrence records used for Metastelma anegadense produce a model relatively equally 

driven by four factors: distance to roads, distance to buildings, habitat type and distance to 

coasts. The AUC of the final model, 0.881, for this species indicates a strong model, with a 

good ability to discriminate between suitable and unsuitable habitat (Phillips, Anderson & 

Schapire, 2006). The species is found, largely in the western sand dune habitat of Anegada; an 

area that is narrowly constricted between the inland salt ponds and the ocean. The distance 

between salt pond and ocean varies from approximately 100 metres to one kilometre. This 

geographic constriction causes any roads constructed to bisect these narrow strips of land 

(Figure 4.3.2). Therefore, while the predicted presence of this species may seem to indicate 

preference for roads, signalling a possible disturbance colonizer, the geography of the island 

instead causes roads to intersect prime Metastelma anegadense habitat. In addition to road 

construction in dune habitats, sand mining, a major threat to the habitat has been observed in 

the coastal dune systems of the island (Figure 5.2.1). The construction of roads and sand 

mining are in fact a threat to the intact dune habitats on which M. anegadense live.  
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Figure 5.2.1 Sand mining in the dune scrub habitat of North-Western Anegada 

 

As seen in Williams (2009), the binary prediction thresholds allow identification of predicted 

habitat suitability not probability of species presence; therefore some areas of known absence 

will be predicted as suitable. The absence of a species from suitable habitat occurs due to 

many factors not present in the models such as physical barriers to dispersion and species 

competition. Areas identified as suitable yet without known species occurrences should be 

surveyed to confirm suitable habitat. These areas can then be conserved as a future dispersal 

area for the species.   

The creation of multiple models allows the predictive power of the models and the importance 

of different variables to be compared. To identify how anthropogenic features might drive the 

models, distance to roads and buildings were left out during one model run. For M. 

anegadense this lead to predictions of nearly the entire island as suitable habitat, thereby 

reducing the discrimination ability of the model. These anthropogenic features allow a more 

biologically accurate representation of this species presence on the island. Confirmation of 

distribution through ground surveys can further assess predictions made by each model. For 

example, M. anegadense is known to be present on Low Cay (M. Hamilton, pers. comm. 

2014); however, point data was not available to add to the model. This knowledge of point 

location validates the models prediction of Low Cay (the western most cay) as suitable habitat 

for the species (Figure 4.1.3).    
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5.2.2 Argythamnia stahlii 

A. stahlii was found more frequently on the limestone plain of central and eastern Anegada, as 

well as on the limestone cays of the Western Ponds area (Figure 4.1.5). The exclusion of 

anthropogenic features such as distance to roads and buildings decreased the AUC to a value 

below 0.75, a value generally recognized as that of a useful model (Elith, Graham, Anderson, 

et al., 2006). Therefore, these features were left in the final model and in fact contributed in 

greater amounts than other variables (Table 4.1.1). The output from the model including these 

factors has the highest AUC and using the ten percentile training presence value produces the 

most ecologically realistic prediction of suitable habitat (Figure 4.1.6). The use of the ten 

percentile value threshold gives a more restricted range of suitable habitat because it is more 

highly constrained by the known presence areas. The more conservative predictions account 

for the cryptic nature of the species and greater reliability of known presences. This model 

makes fewer assumptions about the presence of the species as there is greater uncertainty 

about the detectability of the species over the island.  

The predicted suitable habitat corresponds to the positive effect of increased distance to coast 

on presence of A. stahlii as seen in the GLM analysis. This is likely because the preferred 

limestone habitat of the species does not extend to coastal areas of Anegada. While increased 

development in coastal areas may not directly threaten its prime habitat, any development or 

disturbance found further from the coast on the limestone plain will significantly affect this 

species. A. stahlii was found to be grazed by the feral livestock on the island. With no current 

barriers to movement, livestock are found all over the island and all current suitable habitat is 

likely to be grazed by cattle, goats and donkeys (Figure 5.2.2).  

Figure 5.2.2 Feral livestock damage vegetation through grazing 



51 
 

5.2.3 Senna polyphylla var. neglecta 

The suitable habitat predicted by MaxEnt for this species is largely restricted to the limestone 

plain of Anegada. The main population of this species is found bounded within three major 

roads of the island; this influence is reflected in both the contribution of the variable to the 

final model (26%) and the significant influence of distance to road on presence of the species 

(See Section 4.1.3). The effect seen in the GLM follows that the main population of this 

species is surrounded by roads therefore must be close to them in relation to other parts of the 

island. The prediction that the species is found with increasing frequency closer to roads 

conflicts with the gaps in suitable habitat directly beside the roads, as seen the in binary 

prediction map (Figure 4.1.9). A comparison with model predictions made without road or 

building distances indicate that the species suitable habitat is where the roads are currently 

located (Appendix 5). The disturbance caused by road construction appears to constrain the 

suitable habitat of this species. Further development and road construction in the eastern 

portion of Anegada would be detrimental to the species. A survey of the area North-West of 

the Settlement, an area identified as suitable habitat for S. polyphylla var. neglecta (Figure 

4.1.9), yet not fully surveyed in the current study, could reveal further individuals and allow 

for validation of the suitability model.    

5.2.4 Malpighia woodburyana 

Twenty-one records of M. woodburyana were used by MaxEnt to model species distribution. 

When a cross-validation method is used to train the model, 25% of presence points are used 

for testing the model; therefore, only a smaller number of occurrences, in this case 5, are used 

to confirm the validity of the model. These presences range from the limestone cays of the 

Western Ponds area to the East End. Nearly all of the individuals encountered had been 

heavily grazed by livestock (See Figure 2.7.5) and no recruitment was observed. While the 

suitability map indicates that much of limestone portions of the island are suitable, the 

distribution of this species is much more restricted by the threat of grazing livestock and road 

construction. It is likely that the distribution and survival of M. woodburyana are so heavily 

impacted by these elements that were not taken into account in the model, that the models 

created are unable to give a realistic prediction of species distribution.  

The East-West aspect had the highest contribution to the model and the DEM layer indicated 

the highest AUC value were it to have been used alone to model the species distribution 

(Appendix 2, Figure 2.4). This indicates the importance of both aspect, and elevation on the 

presence of the species. Additionally, on volcanic islands in the BVI (e.g. Virgin Gorda) 
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Malpighia woodburyana is observed to exhibit larger populations of mature plants. This may 

indicate that the low lying island of Anegada, in its entirety, is poor habitat for this species. 

The projection of the model produced for this species on Anegada onto other islands of higher 

elevation or a comparison to a model produced for one of the volcanic islands could 

illuminate the importance of elevation to this species. The current high rate of grazing and 

disturbance from road construction faced by M. woodburyana threatens the survival of this 

species on Anegada.   

5.2.5 Leptocereus quadricostatus  

The two previously located populations of L. quadricostatus remain the only individuals to be 

known on the island of Anegada. The suitability maps indicate that targeted surveys along the 

raised limestone of the inland salt ponds could reveal additional individuals. The relative 

isolation from human disturbance and proposed protected status of the two populations is a 

positive for the future existence of the species on Anegada. However, on Puerto Rico the 

presence of a cactus mealybug, Hypogeococcus pungens Granara de Willink, is highly 

threatening to many species columnar cacti, particularly the existing population of L. 

quadricostatus (M. Hamilton pers. comm. 2014; Zimmermann, Pérez, Cuen, et al., 2010). The 

transfer of the same pest to Anegada through the ornamental plant trade, for example, would 

have significant negative consequences for the species as a whole, therefore, control of pests 

and regulation of the import of plants used for ornamentals on the island should be a priority 

for the conservation of this species. The restriction of the distribution of L. quadricostatus 

highlights the need for ex-situ conservation actions as well as in-situ. The continued 

propagation of plants at the J.R. O’Neal Botanic Gardens on Tortola, and possible re-

introduction of these individuals onto Anegada, could support the wild populations. The 

continued monitoring of the current populations of this species on Anegada is necessary. 

Additionally, the collection and storage of the seed of this species remains a high priority as a 

valuable method of genetic conservation.  

5.3 Important Plant Area Recommendations 

Anegada is a unique island amongst the other BVIs, as the only non-volcanic, and is highly 

important within the Caribbean: supporting rare xerophytic scrub habitat types (McGowan, 

Broderick, Clubbe et al. 2006a). The island supports a diversity of both fauna and flora within 

the sand dune/salt pond complexes as well as across the limestone plain. The diversity of 

habitat types, importance of multiple habitats to the survival of the endemics as well as the 

small size of Anegada, warrants the entire island as an Important Plant Area. However, to 
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focus the benefit of possible conservation action and to highlight the importance of various 

areas to specific species, five distinct IPAs have been identified on the island.  

5.3.1 West End IPA 

The intact dune system between the West End and Bones Bight is a key area for the globally 

threatened Metastelma anegadense (Figure 4.1.3). This meets Criterion A(i) of the IPA 

guidelines for designation (Anderson, 2002; Table 2.2.1). The dune scrub habitat type 

supports a large number of individuals of the species and is its preferred habitat. The area is 

under threat from sand mining, as well as the potential for further residential and hotel 

development. The restoration of currently mined areas and the cessation of further mining 

would benefit fauna and flora in this area (Island Resources Foundation, 2013).  

5.3.2 The Cays IPA 

The cays of the Western Ponds are an important area for Leptocereus quadricostatus, 

Argythamnia stahlii and Malpighia woodburyana (Figure 4.3.3). Middle Cay being 

particularly important as it contains one of the only two populations of globally threatened L. 

quadricostatus in Anegada. The cays remain one of the more isolated areas on Anegada, 

relatively untouched by human disturbance; however access into the area is being made by 

vehicle, causing clearance of the scrub vegetation, particularly along the edges of the cays 

(Figure 5.5.1). The rare limestone woodland habitat on the western most cay, Low Cay, is a 

regionally rare and threatened habitat type (McGowan, Broderick, Clubbe, et al., 2006). 

Therefore the cays meet both Criterion A(i) and Criterion C(i) for the presence of globally 

threatened species and threatened habitat, respectively. The designation of the Western Ponds 

Area as a Protected Landscape, for integrated use by people, and subsequent monitoring and 

regulation of human activity within the area will support the conservation of these species 

(Gardner, Smith-Abbott & Woodfield-Pascoe, 2008).  

5.3.3 ‘Soldier Plain’ IPA 

The third IPA identified based on threatened species and habitat is an area of the limestone 

plain south of Soldier Point, bounded by the main roads of the area (Figure 4.3.3). The main 

population of the globally threatened, Anegada endemic, Senna polyphylla var. neglecta is 

found in this area. This qualifies the area as an IPA under Criterion A(i). It is also important 

to A. stahlii as it supports a large intact area of regionally rare limestone thicket (McGowan, 

Broderick, Clubbe, et al., 2006), the main habitat type of the species (Criterion C(i)).. Both 

livestock grazing and disturbance from creation of tracks and roads threaten the species in this 
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area. Protection through control or eradication of feral livestock as well as diversion of tracks 

and roads from the area is recommended.  

5.3.4 East End IPA 

The East End is the fourth recommended IPA, containing two highly threatened species: S. 

polyphylla var. neglecta and L. quadricostatus (Figure 4.3.3). These species are both 

identified as globally threatened and therefore qualify the area under Criterion A(i). The 

limestone section of the East End is remote and unlikely to be affected by development 

activities in the near future; however, as mentioned in previous sections the area is under 

threat from grazing livestock. The inclusion of this area in the proposed National Park and 

proper enforcement of legislation will further support the protection of these endangered 

species, through official national designation.  

5.3.5 Warner Plain IPA 

The final IPA identified on Anegada is the limestone plain North and North-East of the 

Settlement (Figure 4.3.3). This area supports a diversity of the threatened species on Anegada; 

including all of the species of this study, except L. quadricostatus. The area is predicted as 

likely habitat for these species (Section 4.1) and represents an important habitat area. While it 

is not predicted to be the primary habitat of Metastelma anegadense, this area is highly 

important as a secondary habitat expanding the extent of occurrence of the species.  It meets 

Criterion A(i) of the IPA criteria as it holds globally threatened species, one of which is 

confirmed as an endemic to the island. A detailed compilation of the botanic diversity in the 

area could warrant the additional designation of the area under Criterion B, as a particularly 

botanically diverse area. The area is threatened by the wide ranging feral livestock of the 

island as well as expansive development of The Settlement and proper management of the 

area will bolster the populations of the threatened species it contains.    

5.4 Effect of Disturbance on Species Presence 

The impact from human related disturbance can give insights into how species distributions 

may change with future development. Underdispersion of data in the models was found for all 

species; highlighting the importance of larger presence counts to the modelling process. 

Additionally, the increasing deviance and high AIC values, indicating relatively poor fit of all 

models warrant caution in interpretation. None the less, trends in the effect of disturbance on 

species presence can be seen.  
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Distance to roads and the subsequent disturbance from road construction plays a role in the 

species distribution of plants across Anegada, however, as seen with M. anegadense (Section 

5.2.1) the determination of road placement by geographic factors and subsequent response of 

species presence must be understood. The importance of distance to coast for the species also 

indicates that future plans for coastal development within the sand dunes will be detrimental 

to M. anegadense.  

The data provided by the A. stahlii GLM analysis confirms the MaxEnt results of species 

presence far from the coast. However, due to underdispersion and low number of species 

presence records in relation to the complexity of the model any further analysis is difficult to 

ascertain. An analysis of the effects of specific types of threat, for example grazing, on A. 

stahlii may be more informative for the species. Additionally, because the species is generally 

found in association with other larger scrub vegetation, the impact of vegetation cover 

removal on species survival may be interesting in the face of future development on the 

island. 

The GLM analysis of Senna polyphylla var. neglecta highlights the necessity of using 

multiple methods to assess distribution and disturbance effects. The disturbance investigation 

indicates that the species is found with increasing frequency to roads; however, the MaxEnt 

and visual analysis of species distribution shows that the main population is bounded by roads 

and in fact negatively affected by the presence of roads.        

Disturbance index data was collected for each 5m x 5m site as a measure of the relative 

amount of disturbance. Comparing two (or more) sites based on different kinds of 

disturbance, for example if a trail was nearby or if grazing had occurred, became difficult to 

quantify. While the disturbance level measured in this study was largely found not to be 

significant for the presence of species (Appendix 3), the identification of disturbance to 

species is an important conservation measure. Disturbance can perhaps be more helpfully 

identified at a smaller scale. Grazing, for example, is a significant threat to the flora of 

Anegada, therefore the identification or a count of grazed individuals may highlight spatial or 

intensity patterns of this disturbance type. Further investigation of disturbance effects on 

species will contribute to informed decision making during development on the island.     

5.5 Proposed Protected Area Gap Analysis 

The Western Ponds proposed Protected Landscape covers an area of approximately 12 km
2
. 

Well over 40% of this area or approximately 4.5 km
2
 is the super saline waters of the salt 
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ponds (Island Resources Foundation, 2013). This is with the size estimated from only four of 

the seven ponds in the complex; therefore, the ponds more likely cover close to 60% of the 

western half of the island. The extent of the salt ponds leaves relatively narrow strips of land 

on the northern and southern shores of the island, where much development has occurred. 

Tracks into and development within the proposed protected area occur frequently thereby 

damaging vegetation and threatening flora in the area (Figure 5.5.1). The proposed Protected 

Landscape will cover the cays identified as important for threatened plants; however, it will 

do little for the threatened dune habitats to the North and West of the ponds.  

 

Figure 5.5.1 Bulldozed track damaging vegetation on Low Cay 

 

The Eastern Ponds proposed National Park covers an area of approximately 4.6km
2
. The 

boundaries encompass the largest track of mangroves in BVI as well as the raised limestone 

area of the East End. A large portion of this proposed area is also comprised of seasonal 

marshlands (Figure 4.3.3). The Eastern Ponds National Park will provide the only in-situ 

protection for the endemic Senna polyphylla var. neglecta on the island as well as one of the 

two populations of the highly threatened Leptocereus quadricostatus. The proposed National 

Park lies in the least developed area of Anegada and the most easterly portions are unlikely to 

face the same development threats as other parts of the island. There is currently little human 

impact in this area; however, livestock heavily impact the entire eastern portion of the island. 

A management plan to reduce the impact of feral animals within the National Park and to 

continue to monitor the level of human impact in the area is recommended.    
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The evidence to use these five plant species to represent cumulative biodiversity protection on 

Anegada gains strength in the diversity of the habitats found to be key areas as well as the 

various life forms represented by the target species. The sand dunes, a habitat known to be 

highly important to fauna on the island, for example, the Anegada Iguana, Cyclura pinguis 

(Burton & Bloxam, 2004), is found to be poorly represented in the proposed protected areas 

of Anegada. The lack of protection for the limestone plain inhabitants, Senna polyphylla var. 

neglecta and Argythamnia stahlii is likely to represent that of other trees and shrubs that 

prefer the habitat. These gaps in no way diminish the importance of the designation of these 

protected areas; they are essential to the conservation of all of the threatened species as 

highlighted above, as well as the bird species which use the salt pond areas for nesting and 

feeding grounds (McGowan, Woodfield, Hilton, et al., 2007). Instead, the identification of 

gaps in this proposed protected area system partially address the BVI Government’s goals for 

system planning and development by clearly identifying targeted areas of particular 

importance and indicate areas that may potentially need to be managed outside of the official 

protected areas system  (Gardner, Smith-Abbott & Woodfield-Pascoe, 2008).    

5.6 Conservation Assessments 

The preliminary conservation assessments of M. anegadense and S. polyphylla var. neglecta 

contribute valuable data to the status of threatened species in Anegada. The process of IUCN 

Red List assessment allows the compilation of species specific data as well as standardised 

application of criteria comparable across species. Metastelma anegadense has previously been 

assessed as Critically Endangered based on Criteria B1ab(ii,iii,v)+2ab(ii,iii,v) ver 3.1 

(Clubbe, Pollard, Smith-Abbott, et al., 2003). A larger number of individuals have been found 

outside the preferred dune habitat in the current study therefore expanding the AOO of the 

species, however, due to the identification of the island as a single location and the threat of 

habitat loss the species remains assessed as Critically Endangered based on Criteria  B1ab(iii) 

ver 3.1.  

S. polyphylla var. neglecta is also preliminarily assessed as Critically Endangered 

(B1ab(iii)+2ab(iii) ver 3.1) due to restricted geographic extent.  Like M. anegadense, the 

AOO of S. polyphylla var. neglecta is estimated to be smaller than that calculated by 

GeoCAT.  Known restriction seen in field surveys indicate that the AOO is approximately 

8km
2
. The only in-situ protection of the species is of the East End population, which is 

separate from the main population on the limestone plain. The protection of the main 

population from disturbance is necessary to the continued survival of the species on the 
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island. As livestock are assumed to aid in the dispersal of this species (Section 2.7.4), yet are 

known to disturb species through grazing (pers. obs.) further dispersal studies are needed to 

understand the impact of feral livestock on species survival. Alternative modes of dispersal 

through assisted introduction of new individuals may help to sustain the population.   

5.7 Conservation of threatened species on Anegada 

The model predictions created from the current analysis provide robust data for the analysis of 

species distribution and protection. The IPAs identified are site specific, allowing for targeted 

management actions and highlight not only the key areas for threatened species on Anegada, 

but also the threats facing different areas of the island. The impacts of disturbance on 

threatened species will be important to understand in the face of continued development on 

Anegada. The strengths and weaknesses of the proposed protected areas have been 

highlighted; including fully protected species, L. quadricostatus, and weakly protected 

species: S. polyphylla var. neglecta. The size of the protected areas proposed for Anegada will 

certainly help BVI contribute to its CBD goal of 17% of terrestrial biodiversity protection 

(The Secretariat of the Convention on Biological Diversity, n.d.); however the targeted 

conservation of areas of particular importance for these threatened species, namely the IPAs 

identified, will specifically contribute to the survival of threatened plant species on the island 

and contribute to the GSPC goal of protection of ‘the most important areas for plant 

diversity’(The Secretariat of the Convention on Biological Diversity, 2002). Additionally the 

identification of threats from human impact into the proposed protected areas reveals potential 

avenues for targeted management once the parks are officially designated. The assessment of 

M. anegadense and S. polyphylla var. neglecta as Critically Endangered provides an 

internationally recognized status for endemic species of the island and contributes to the 

knowledge of the conservation status of species under Target 2 of the GSPC (The Secretariat 

of the Convention on Biological Diversity, 2002). 

Threats that have been identified as detrimental to the species in this study are grazing by 

feral livestock, residential and tourism development and sand mining. The implementation of 

livestock management strategies such as enclosures or eradication should be a priority to the 

protected area managers of BVI as the evidence of the impact of livestock is not isolated to 

Anegada, but is also found on many of the other islands (e.g. Prickly Pear). The highlighted 

IPAs should feed into residential and tourism land use plans on Anegada, and regulations 

pertaining to National Protected Area designation must be enforced within the proposed areas 

to ensure their continued protection. The understanding of species distributions must be 
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integrated along with an understanding of the social and economic drivers of habitat 

destruction and resource use to create an effective plan for the conservation of botanical 

biodiversity in Anegada.  
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7 Appendices 

Appendix 1: IUCN Red List Criteria Summary Sheet 
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Appendix 2:  MaxEnt model selection and Variable Jackknife Tests 

Metastelma anegadense:  

Table 2.1 Percent variable contribution to each model with Training and Test AUC; best model highlighted. 

VarialbesgksldkglskgVzxczc 

 Variable 
Run1 Run2 Run3 Run4 Mean Full Model 

Without 

north 

Without 

east 

Without east and 

north 

Without roads 

and buildings 

Habitat 17 27.7 31.4 28.4 26.1 27.7 29 31.1 31.7 46.7 

Roads 19.5 18.9 25.4 21.8 21.4 17.2 16.2 16.6 17.1 N/A 

Build 18.8 15.5 9.5 13.1 14.2 20.1 17.8 18.7 18.9 N/A 

Coast 17 9.8 11.8 13.5 13 12 11.1 11.8 11.9 11.6 

Inland Water 8.5 6 4.2 4.8 5.9 6.5 7.9 7.5 7.6 9.7 

DEM 10 9.2 7.1 5.9 8 7 8.3 8.5 8.6 10.7 

East 3.6 4.3 4.3 3.3 3.9 2.9 4.7 N/A N/A 9.6 

Slope 4.3 2.2 4 7.2 4.4 5.1 5 4.6 4.2 5.8 

North 1.4 6.4 2.4 2.2 3.1 1.5 N/A 1.1 N/A 5.8 

Training 

AUC 
0.913 0.920 0.907 0.924 0.916 0.909 0.907 0.904 0.898 0.871 

Test AUC 0.881 0.844 0.853 0.830 0.852 N/A 0.862 0.874 0.876 0.797 
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Figure 2.1 Training, Test and AUC Jackknife Tests of Variable Importance; Metastelma 

anegadense.
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Argythamnia stahlii 

Table 2.2 Percent variable Contributions to each model with Training and Test AUC; best model highlighted. 

 

 

Vasd Variable Run1 Run2 Run3 Run4 Mean 
Full 

Model 

Without 

inland water 

Without 

eastness 

Without eastness 

and inland water 

Without Roads and 

Buildings 

Habitat 21.9 19.3 20 9.2 17.6 16.8 20.1 17.9 19.9 30.9 

Build 36.6 38.9 29.3 48 38.2 40.5 24.2 28.1 24.9 N/A 

Roads 10.8 14.7 20.3 6.4 13 11.5 19.8 19.8 20.7 N/A 

Coast 11.2 4.7 5.7 17.4 9.8 9.9 14.3 15.8 15.4 32.3 

Slope 2.2 2.3 4 6.7 3.8 4.9 4.9 4.2 4.2 6.5 

DEM 9.3 11.7 13.4 6.6 10.3 9.6 9 8.7 9.5 16.7 

North 5.6 3.3 3.5 1.7 3.5 3.5 3.2 5.4 5.4 4.8 

East 2.3 4.1 3.3 3.7 3.3 3.1 4.4 N/A N/A 5.5 

Inland 

Water 
0.1 1.1 0.6 0.2 0.5 0.3 N/A 0.1 N/A 3.2 

Training 

AUC 
0.889 0.876 0.899 0.889 0.886 0.884 0.881 0.871 0.872 0.853 

Test AUC 0.804 0.833 0.704 0.812 0.788 N/A 0.826 0.824 0.828 0.748 
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Figure 2.2 Training, Test and AUC Jackknife Tests of Variable Importance; Argythamnia 

stahlii.
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Senna polyphylla var. neglecta: 

Table 2.3 Percent Variable Contributions to each model with Training and Test AUC; best model highlighted. 

 

 

Vasd Variable Run1 Run2 Run3 Run4 Mean 
Full 

Model 

Without 

buildings 
Without east Without roads 

Without Roads and 

Buildings 

Habitat 23.3 22 29.8 16.4 24.8 23.6 23.3 27.3 27.2 28.4 31.3 

Coasts 0.4 0.2 13.6 6.3 5.1 6.3 0.1 0 5.8 13.9 

Roads 26.4 20.5 26.8 22.6 24.1 24.4 25.9 26.7 N/A N/A 

DEM 14.2 14 17 15.1 15.1 14.9 14.2 14.3 16.4 19.7 

Inland 

Water 
23 21.4 19.8 20 21 21.5 22.6 22.3 22.2 20 

Slope 10 12.7 4.5 8.9 9 7.9 8.6 8.7 10.1 11.9 

North 2.1 0.4 1.5 2.2 1.5 1.6 0.8 0.6 1.8 2.8 

Buildings 0 0.1 0.1 0.1 0.1 0.1 N/A 0.1 15.1 N/A 

East 0.6 1 0.3 0 0.5 0 0.1 N/A 0.2 0.4 

Training 

AUC 
0.946 0.964 0.984 0.957 0.963 0.961 0.952 0.951 0.954 0.942 

Test AUC 0.986 0.907 0.896 0.951 0.935 N/A 0.956 0.954 0.959 0.965 
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Figure 2.3 Training, Test and AUC Jackknife tests of variable importance; Senna polyphylla 

var. neglecta.
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Malpighia woodburyana 

Table 2.4 Percent variable Contributions to each model with Training and Test AUC; best model highlighted. 

Vasd Variable Run1 Run2 Run3 Run4 Mean 
Full 

Model 

Without 

build 

Without 

coast 
Without habitat 

Without Roads and 

Buildings 

Habitat 44.6 37.6 46.1 42.8 42.8 21.4 37.1 37.1 N/A 37.1 

East 42 24.2 51.4 24.3 35.5 33.5 32 32 36.4 32 

Roads 3 0 0 0 0.8 6.3 0 0 19.1 N/A 

DEM 0 2.8 0.5 1.6 1.2 15.2 5.8 5.8 16.2 5.8 

Inland 

Water 
0.1 0 0 0.6 0.2 10 0 0 10.7 0 

Slope 10.2 0 0 30.7 10.2 6.3 21.7 21.7 2.1 21.7 

Buildings 0 0 0 0 0 0.8 N/A 0 1 N/A 

North 0 35.4 2 0 9.4 2.9 3.4 3.4 8.9 3.4 

Coast 0 0 0 0 0 3.5 0 N/A 5.6 0 

Training 

AUC 
0.844 0.867 0.859 0.905 - 0.939 0.891 0.891 0.935 0.891 

Test AUC 0.885 0.802 0.752 0.718 0.789 N/A 0.628 0.628 0.926 0.628 



73 
 

 

Figure 2.4. Training, Test and AUC Jackknife tests of Variable Importance for Malpigia 

woodburyana.
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Leptocereus quadricostatus: 

Table 2.5 Percent Variable Contributions to Training Model with AUC for Leptocereus 

quadricostatus. 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 Training Jackknife test of Variable importance for Leptocereus quadricostatus.

Variable Full Model 

Inland Water 62.6 

Habitat 20 

Slope 12.1 

Coast 5.2 

DEM 0.2 

East 0 

North 0 

Build 0 

Roads 0 

Training AUC 0.983 

Test AUC N/A 
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Appendix 3: Stepwise GLM simplification to assess disturbance effects on species presence 

 Metastelma anegadense: 

Model Disturbance Coast Roads Disturbance:Coast Disturbance:Roads Coast:Roads Deviance Df AIC 

1 * * * * * * 229.55 311 243.55 

2 * * * *  * 229.78 312 241.78 

3 * * * *   229.97 313 239.97 

4 * * *    230.21 314 238.21 

5  * *    230.25 315 236.25 

6  *     237.58 316 241.58 
    

       indicates miniumum adequate model  

Minium adequate model: 
 
glm(formula = presence ~ dist_coast + dist_roads, family = binomial,  
    data = metastelma) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.8434  -0.6055  -0.4225  -0.3023   2.5123   
 
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  -0.8195     0.2862  -2.864  0.00419 ** 
dist_coast  -84.4027    27.5574  -3.063  0.00219 ** 
dist_roads  -65.4746    29.2030  -2.242  0.02496 *  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 248.24  on 317  degrees of freedom 
Residual deviance: 230.25  on 315  degrees of freedom 
AIC: 236.25 
 
Number of Fisher Scoring iterations: 5
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Agythamnia stahlii 

Model Disturbance Coast Roads Disturbance:Coast Disturbance:Roads Coast:Roads Deviance Df AIC 

1 * * * * * * 145.19 298 159.19 

2 * * * *  * 145.32 299 157.32 

3 * * * *   145.95 300 156.95 

4 * *  *   147.30 301 155.30 

5 * *     230.25 315 236.25 

   

      indicates miniumum adequate model  

Minimum Adequate Model: 

glm(formula = presence ~ disturb1 + dist_coast + disturb1:dist_coast, family = binomial, data = arg) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-1.37355  -0.42492  -0.25249  -0.09202   2.86481   
 
Coefficients: 
                          Estimate Std. Error z value Pr(>|z|)     
(Intercept)                 -6.495      1.091  -5.952 2.64e-09 *** 
disturb1intact               3.737      1.329   2.811  0.00494 **  
dist_coast                 246.981     50.990   4.844 1.27e-06 *** 
disturb1intact:dist_coast -209.683     77.147  -2.718  0.00657 **  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 191.63  on 304  degrees of freedom 
Residual deviance: 147.30  on 301  degrees of freedom 
AIC: 155.3 
 
Number of Fisher Scoring iterations: 7
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Senna polyphylla var. neglecta 
 

Model Disturbance Coast Roads Disturbance:Coast Disturbance:Roads Coast:Roads Deviance Df AIC 

1 * * * * * * 34.478 293 48.478 

2 * * *  * * 34.478 294 46.478 

3 * * *   * 34.478 295 44.478 

4  * *   * 35.853 296 43.853 

5  * *    64.166 297 70.116 

   

      indicates the minimum adequate model 

 
Minimum adequate model: 
 

glm(formula = Presence ~ dist_coast + dist_roads + dist_coast:dist_roads,  
    family = binomial, data = senna) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-1.93176  -0.05910  -0.02553  -0.00054   2.94200   
 
Coefficients: 
                        Estimate Std. Error z value Pr(>|z|)    
(Intercept)               -5.778      3.277  -1.763  0.07790 .  
dist_coast              -113.712    201.239  -0.565  0.57203    
dist_roads             -2388.261   1053.571  -2.267  0.02340 *  
dist_coast:dist_roads 181424.251  63657.166   2.850  0.00437 ** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 157.306  on 299  degrees of freedom 
Residual deviance:  35.853  on 296  degrees of freedom 
AIC: 43.853 
 
Number of Fisher Scoring iterations: 12
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Malpighia woodburyana: 

glm(formula = presence ~ dist_coast * dist_roads, family = binomial, data 
= malpig) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.6710  -0.3666  -0.3047  -0.2717   2.7088   
 
Coefficients: 
                        Estimate Std. Error z value Pr(>|z|)     
(Intercept)              -3.3165     0.6371  -5.206 1.93e-07 *** 
dist_coast               24.1691    41.6628   0.580    0.562     
dist_roads              -79.4568    81.4013  -0.976    0.329     
dist_coast:dist_roads 10730.7465  7433.8302   1.444    0.149     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 130.03  on 294  degrees of freedom 
Residual deviance: 124.85  on 291  degrees of freedom 
AIC: 132.85 
 
Number of Fisher Scoring iterations: 6
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Appendix 4 Occurrence of Threatened species on Anegada, British Virgin Islands 

 
 

 

 

Figure 4.1 Metastelma anegadense 
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Figure 4.2 Argythamnia stahlii 
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Figure 4.3 Senna polyphylla var. neglecta 
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 Figure 4.4 Malpighia woodburyana 
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Figure 4.5 Leptocereus quadricostatus 
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Appendix 5. Predicted Habitat Suitability of Senna polyphylla var. neglecta without anthropogenic variables  

 

Figure 5.1 Predicted suitable habitat of S. polyphylla var. neglecta without distance to roads or distance to buildings; note that suitability is over lapping with current 
roads on the island 


