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Abstract

Biodiversity isbeing threatenedt an increasing ratéroughthe results of human activity
ranging from urban development toesource extractionAn understanding of threatened
species distribution can be used to identify areas of particular importance to species as well as
assess particulam-situ conservatiorefforts MaxEnt was used to predict species distributions

of five threatened plant specied/etastelma anegadense, Argythamnia stahlii, Senna
polyphylla var. neglecta Malpighia woodburyana and Leptocereus quadricostatusn
Anegada, British Virgin Islands, based on field collection of occurrence records.

The ImportantPlant Area (IPA) Programme uses standardized criteria based on threatened
species and habitats as well as species richness to asses®ofapotanical importancéhe
analysis of predicted suitable habitat allowed for identificatiofivaf IPAs on the i&nd,
highlighting both the sand de and limestone environmenit$ie assessment of the effects of
disturbance on species presence gives insights into future development impacts on the

species.

The presence of theve species within two proposed protected areas on the island as well as
evidence of disturbance into the protected areas was used to gesessithin the Btish

Virgin IslandsProtected Areas System. A preliminary Red List assessment was made for
anegaenseand S polyphyllavar. neglecs, two particularly threatened, endemic species on
the island.This analysis provideprotected area managers in BVI with valuable data about

the distribution and status of threatened plant species to aid in consededigions.

Word Count: 15505
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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 extindfidyers, 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 wQtohditions and Trends
Working Group of the Millenium Ecosystem Assessment, 2006 development of urban
areas and extraction of resources can contribute to local extinctions, which could particularly
effect endemic species; those with a narrow habstages Other pressures on bivdrsity,

such as climate change, involve global scales that may cause iogsedficts for
biodiversity aroundhe world. Tl rangeof the scale acroswhich causes of biodiversity loss

spanrequires a suite of responses from conservationists.

One such esponse 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 signatoriesvork towardsthe goals of biodiversity conservation,
sustainable use of resources, and fair and equitable sharing of use of genetic r€Sbarces
Secretariat of the Convention on Biological Diversity, n.@lje CBD provides guidelines for
biodiversity conservatioranging fromidentification of importantomponents 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 guidspeuyfia

programme of the CB[ralled the Global Strategy for Plant ConservatiddSPC) The

strategy includes multiple targets to protect plant diversity through documentation,
conservation, sustainable use and education. The conservation objective of the strategy
combinesin-situ actions: ecaegion management and restoration and susti@nake of

production lands as well as¢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 Oat | east 75 % o fint divansgy ofreach tecologimgh or t a r
r e g i(Tbabécretariat of the Convention on Biological Diversity, 2002js target requires

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

occurring through the designatiohlmportant Plant Areas (IPAs), a prograaordinatedoy



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 CaribbéBigueroa Colon, 1996;
Hamilton, Clubbe, Robbingt 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 distributinadellingto identify areas key to the conservation

of three endemic plant speci@¥illiams, 2009) These species distribution models combined

with the assessment of each species under the criteria ontdational Union for
Conservation of Naturdl{CN) Red Listof Threatened Specigsovide strong evidence for

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

Thein-situ or sitebased protection of endemic and near endemic plant spsadiecognized

as key to the conservation of biodiversity, particularly where physical space may be limited as
on an islandwhere there ara higher number of endemic plant spec{dsppa, Visconti,
Jenkinsget al, 2013) Protection for any plant spesienot just endemics, takes place through

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

2008) which are managed under a range of strategies from thesgonf resources to an
integrated system of shared usedieTidentifcation, designationand managemenof
protected areamust be specific to the given araad 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 internatiatednal and regional scales have
revealed gaps in the protection of biological diversity fodrigues, Andelman, Bakarr, et

al., 2004; Riemann & Ezcurra, 2005pecies distribution information for analysis of plant
species can be drawn from historicallc| ect i on records stored in
as field surveys. Records gained from herbaria bearctmmon biases of collector
preferenceData compiled directly from field surveysan be either targeted or genarathe

sense of target sped,yet are susceptible taccessibility issued herefore, a complementary
method for understanding species distribution is througtelling The ability to completely

5



sample large areas in order to assess distribution is often difficult if not imgoskikl tahe

noted accessibilityissuesas well as logistical considerationslodelling 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 predict@bles. Through this processe
impactof environmental variables can beodelledand predictions of occurrence made based

on presence of suitable habitat. The outputmadellingcan be used to understand protection

over the range of a species hab({tdarshall, Platts, Gereaef al, 2012)as well as identify

areas that represent areas of special biological in{@k&iiams, 2009)

A second target of the GSPC |ies in the O6as
pl ant speci es, as far as p qEhe Sebrétagiat oftthe g u i o
Convention on Biological Diversity, 2002The IUCN Red List of Threatenegpecies is a

platform for international collaboration on species conservation through plant and animal
species assessmdhiternational Union for Conservation of Nature and Natural Resources,

n.d.). The designation of species into various categories freast Concernto Critically
Endangered occurs through tleandardisd application of criteria as guided by expert
opinion on each species. Each Red List assessment saffmenation on population trend,

habitat, ecology, threats and conséorma actions for each species, when available. This
information accompanies the criteria on population size and reduction, geographic range as
well as number of mature individualRJCN Standards and Petitions Subcommittee, 2014)

The assessments highligigecies and areasquiringconservation actian

Species distributiomodellingand an assessment of the representation of threatened species
within protected areas can be used to designate IPAs and to assess the lev@tuof
protection against threats to biodiversity loss. This study aims to supply usagdrvation

recommendations by:

1 Assessing the current distribution of threatened plant species on Anggadgh
MaxEnt modelingusing arangeof data including currearsurveyfieldwork as well as
analysis of the effect of disturbance on species presence

1 Identifying ImportantPlant Areas on the island by applying the PlantLife Criteria to
the species distribution models

i Assessing the representation of plant sgmaeithin proposed protected areas

i Completing IUCN Red List assessmentstfe@endemic species of Anegada



1.1 Outline
The first section of this paper introduadassitu conservation methods such as protected areas

and the Important Plant Areas program@eng 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 arttie five target species is provided. The third section outlines the

field and analytical methods used in productionMdxEnt species distribution models
assessment of the impact of disturbance on species presence, protected are gap analysis and
completon of Red List assessmentdhe 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 modeligg@analysis

for the conservation of threatened species in Anegada, BVI.



2 Background

2.1 Species DistributionModelling in Conservation
Species distributiomodellingpredicts the distribution of a species over a given area based on

environmental and geographical predictor variables from known locations of the species
(Guisan & Zimmermann, 2000pPistribution modelling is driven by the concept of niche
theory: the fundmental niche being the full set of conditions which allow the species to
survive. The distribution of a species indicated rogdelling is an interpretationof the
realized niche of that species, that is the portion of the fundamental niche that isy actuall
occupied by the species, due to distribution barriers or anthropogenic interference amongst
otherfactors(Austin, 2007) Austin(2002)c al | s t hi s t he &éecol ogi cal
must be a part of every study involving a statisticahlysis of species distribution.
Elith(2002) highlights the historical, ecological and demographic factors that can affect the
presence of a species at any given tiiteerefore, e collection of predictor variables used

and predictions made from angnodelling must be interpreted with an ecological

understanding of the species in mind.

One method of species distributiomodellingis defined through the attainment of a model
with maximum entropy Maximum entropy (MaxEnt) models produce probability
distributions thatare as close to uniform as possible over the entire area over which
predictions are madg@hillips, Anderson & Schapire, 200G)his process uses presermgy

data, which makes it very useful in cases of limited data or where absence was not recorded,
for example, when modelling from herbarium speciméviaxEnt software was created to
predictthe 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 aredhe backgroundcellsrepresent p s eaubdsoe n ¢ e & @f, the absenge | a
that was not recorded, and allows for an analysis of the performance of the(Riudigis,
Anderson & Schapire, 2006)s with any sort omodellingprocedure, MaxEnt is sensitive to
sampling bias; however, preseneenly methods are peeularly affected, as there are no
absence records to indicate sampling effort. This isiagknowledged in analysis by using
background data with similar biases or indicating the biases within the samplindighd

Phillips, Hastiegt al, 201]). This issue can be minimized during data collection by using a



random selection method to sample equally across the area of Gwidgn & Zimmermann,
2000)

In order to select a model to predict species distribution, MaxEnt goes through a process
called egularization. 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. Thegularizationoutput from MaxEnt is in thdorm 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 conditionsspecificity)(Phillips, Anderson & Schapire, 2006)

The results produced within MaxEnt can be visualized @®dictedprobability distribution
across a map of the desired area. The outputs can be interprettidtabwion of probability
between 0 and Within each griccell over the entire range of the area of intefEis logistic
outputis criticized as itarbitrarily assumes the likelihood afpresence record being found in
the suitable habitat at 50%, which may not be true for rare sp&dits Phillips, Hastieet

al., 2011) However, the logistic output provides more easily interpreted ra@ael allows
predictions to be made where species prevalence may be unknalneshold can be set for
which each grid cell is identified as either suitable owitable habitat for the species based
on a minimum value of the training daEnally, MaxEnt produces a jackknife analysis of the
individual predictor variables to investigate the contribution of each to the r(iekidips,
2008) This is done by assessing chas in model performance with removal of each variable
as wellas models run with only the variable in questidhis 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

manymultilateral environmental agreements such as the @®BDthe Ramsar Convention on
Wetlands of Internationdimportance(RamsarSecretariat, n.d.)The Important Plant Area
program supports th@ SPCby identifying areas of botanical importance that can be managed
at a sitespecific level(Anderson, 2002)The success of the Important Baidd Biodiversity

Areas programme (BirdLife International, 2014)coordinated byBirdLife, has guided the
creation of the IPA program and the consistent criteria needed to identify areas around the

world for comparable consertvan action. A set of standar@d criteriaconsisting ofthe



presenceof 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
importancels used to assess arddsble2.21). If the area meets any one or more of these
criteria it can be designated an IPA.

Theidentification of IPAs aids in the recognition of sites that meet the critedsupporting
populations of plant speciesimportant for maintairnng biological diversitp under the
framework of the Ramsar ConventigqRamsar Convention Secretariat, 201®Jhile the
designation of Important Plant Area does not confer any legal obligétiofgrm nationally
binding designations such as National ParfBme methods for prioritizing areas of
conservation action have been criticiZedy. Knight, Smith, Cowlinggt al, 2007) however,
the IPA criteria combine multiple biodiversity metric®,. both species and habitat types and
are supported by expert opiniotherefore creating a more comprehensarel specific

assessmermdf each aregAnderson, 2002)

Table 2.21 Criteria used to designate Important Plant Areas. Adapted from Anderson (2002)

Criterion Description

Threatened A) Site containglobally
Species threatened species

Site containsegionally
threatened species

Site containgational
endemicspecies with
demonstrable threat not
covered in A(i) or A(ii)

Site containsear
endemic/limited range
A(iv) species with demonstrable
threat not covered by A(i) or
A(ii)

Species Richness Site containhigh number
B of specieswithin arange of
defined habitat types

Ali)

Aliii)

Priority
Threatened C(®)
Habitats
Threatened
Habitats

Site contains @riority
threatened habitat

Site contains @riority

C(ii) habitat
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In an analysis of IPAs in the Turks and Caicos Islands,aki(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 nat exist
these areasurrently, tley are of particularmportance 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 Atdaglighting the
threats to an iderfied 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 anceach threat$evel of significance to the sitie an example of the application of

prioritization for management of IPA&/pson, 2012)

2.3 Protected Areas Gap Analysis
The analysis of the spesie r e pr es ent e d pretectedhareas sgstera contrbtitesy 6 s

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 speci@Rabearivony Thorstrom, de Rolandt al, 2010) Analyses of the

global protected areas systemmgdrigues et al. (2004ndicate that many of the gap species,
those whobés range is not represented within
endemism. Qter studies on gap analysis focus on the habitat types that hold endemic species
and their representation within protected ag@emann & Ezcurra, 2005 hese studies can

provide recommendations for prioritization of protected areas based on both sndanai
threatened habitat types. Marshall et(2012)highlight the difficulty of using a single genus

(or few species)n the assessment of protected areas. The genus or suite of species under
analysis isassumedas a surrogate for all biodiversity thaduld be protecteda potentially
guestionable assumption given the complexity of spdwaédat interactionsTherefore the

metric by whichbiodiversityis measured must represéim¢ goas ofthegiven protected area.

Gap analysis has been integratetb 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 argasuld, Alarcon, Fevold, et al. 200&8)verlaying

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

boundaries of lands managed tyn-governmental organizatisn Puerto Ricasovernment
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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 Ritds systematic
analysis of the protected areaablesrepeated measureentswhich can contribute to an
ongoing understanding die success of the Puerto Ricantpcted areas system.

The Government of the British Virgin Islands, in conjunction with Nia¢ional 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 BV{Gardner, SmithAbbott & WoodfieldPascoe, 2008)rhis plan highlights

the need for a gap analysis of the terrestrial habitats and resources that might be included in
the protected areas system of B¥bk 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 (EV@hd 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 distributionl & Quantitative
analysis of extinction risKlUCN Standards and Petitions Subcommittee, 20IA$ 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, iséad on the geographic range of the species.
This criterion i n©ffCecdresce (EQQ, a mgasuceiofdhe dpatilareae n t
currently covered by a species measured within a polygon drawn around the known
individualsand the AreaDf Occupacy (AOO), the area of suitable habitat within the EOO
that is actually occupiedUCN, 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, Mittermeiert al, 2000)and like many other island systegmntains a

high number of endemic speci€Borressantana, Santiagealentin, Sdnchezt 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 flord AcevedeRodriguez & Strong, 2012AcevedeRodriguez and Strong
(2012)report approximately 792€pecies endemic 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 mamyher 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, 201Q) 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 soildéoosion(e.g. MelendeAckerman, Cortes, Sustachet,

al., 2008)

The British Virgin Islands lie in the centre of the Caribbean and are a part of the Puerto Rican
Bank phytogeographic regi@figure2.5.1). This area includes Puerto Rico and associated
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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 dbhergwer sea

level of the last ice ag@gsland Resources Foundation, 2013

Figure 2.52 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 nrwalcanic island in the grougClubbe,
Gillman, AcevedeRodriguez,et d., 2004) The island reaches an elevation of only
approximately 8m and is approximately 38 km squared in(8lsd Resources Foundation,
2013. A limestone plain characterizes the eastern half of the islandl@odedsalt ponds at

the eastern endvhile the western half is made up of a mix of sand dunes and salt ponds. The
presence of the easterly trade winds across thdyiog island in addition to the limestone
substrate has reléed in xerophytic conditions. As there are no official temperatecerds

for Anegada, averages are extrapolated from nearby islamésy8arly average high for
Virgin Gorda, an islandlocated approximately 24km south of Anegada 28.6 degrees

centigrade(Island Resources Foundation, 2Q1Phe island, like the restf the Caribbean is

14



subject to severe storm events and hurricanes, the main season for these events being between
June andNovember(National Weather Service, 2014he dry conditions of Anegada result

in a characteristic scrudndthicket vegetation covering much of the dune and limestone areas
with some remaining woodland in tleasterrhalf of the islandas well as on the cays of the
Western PondgMcGowan, Broderick, Clubbeet al, 200&). A tract of mangroves,
representing 75%f all found in BVI arelocatedalong the soutleast coast of the islandn

important area for birds and other wildl{f@anders, 2006)

2.6 Environmental Legislation in BVI
The British Virgin Islands is signatory to both international and national len@&ommental

agreements. ThE€BD acts as the main international treaty for guiding terrestrial conservation
activity, informing national level legislation such as the Physical Planning (Rblysical
Planning Act 2004) Another multilateral agreementhich is of particular importance to
Anegadais 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 Ramsde (Joint Nature Conservation Committee, 2011)
While holding an internationally recognized designation neither site currently holds a
nationally recognized designatiq@®ardner, SmitkAbbott & Woodfield Pascoe, 2008)In
addition, Ramsar sites in geathold 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 bAnegada is currently underwdardner, SmitkAbbott & WoodfieldPascoe, 2008)

This process is occurring through the action of the National ParkgDepartment of
Conservation and Fisheriea0(®) and Regulations (2008) as governed by the Nation&sPar
Trust (NPT) of BVI.

The current protected areas system in BVI includes 19 National Parks, 1 historic site, 1
Ramsar site and 1 marine pai&ardner, SmittAbbott & WoodfieldPascoe, 2008)The
proposed sitesnclude two areas on Asgada: the Western Ba&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 spagrish (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 ifzerdiner, SmitkAbbott &

WoodfieldPascoe, 2008)Thesetwo designations represent a significant contributiomto
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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 Fisherg¢sal.2004) and an Action plan for & 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 membergMcGowan, Broderick, Clubbest al, 200§. 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., 2008he vegetation is largely characterized by
low-lying xerophytic scrub that is adapted to the dry environment. The fiveesprecihis

study have previously been identified as threatened and occur in habitats representing both
the limestone and sand dune areas of Anef@tldobe, Gillman, Aceved®odriguez, et al.

2004; Pollard & Clubbe, 2003)These characteristics allow fon 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 anegadens&nown locally as wire wis is an herbaceous, climbing vine

currently found on Anegada. A single individual was recefatiynd on the northern coast of
Virgin Gorda, howeverthere has beemcreased disturbance through road clearance to the
site andthe plant has not been fairmgain(M. Hamilton, pers. comm2014).The species is
known to befound on the sanduthes of the western half of Anegad#h few individuals on

the limestone plain of the eastern half of the island. It has small, greatigW flowers in

few to several flowered cymes. The seeds are dispersed by wind as they have a very
pronounced pappu@ers. obs.Figure2.7.1). It was listed as Critically Endangered on the
IUCN Red List in 2003 due to its restricted distribut{@ubbe, Pollard, Smiti\bbott, et al,

2003) This stuy aims to update the Red List assessment with current population and
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distribution informationA 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 AnegadévicGowan, Broderick, Clubbet al, 200b).

Figure 2.7.1 Metastelma anegadenskeft: the climbing vine in flower; Right: pod with seeds

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

Virgin Island9 and Anegada. A member of the Euphorbiaceae family, it is a soiadhrub

to about 30 cm in height. The leaves are approximately 2 cm long and coverdahingth

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
broal, 3-lobed and green to straw coloured. It is recognized as vbleevdthin its native
habitat(Pollard & Clubbe, 2003)

e i Xt

Figure 2.7.2 Argythamnia stahlii
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2.7.4 Senna polyphylla var. neglecta
Senna polyphyllavar. neglecta found only on Anegadas a small tree that is two to four

meters tall. The plant has compound leaves with|8aflet pairs and yellow flowers with
obovate petals approximately 1.5 cm loi&. polyphyllavar. neglectahas a legume fruit
approximately 8L5 cm long and is slightdepressed between the seddss variety is found

in the limestone scrub of the central and eastern portions of Anefjaelather varieties of

the species are found on Puerto Rico and Hispanidie. variety present on Puerto Rico
appears to be dispad by livestock and the same may be true of Anegada, as there is also

feral livestock present the(Erancis, 1988)

Figure 2.7.3 Senna polyphyllavar. neglecta Left, shrub habit; Right, branch with compound leaves and
old flower.

2.7.5 Malpighia woodburyana
Malpighia woodburyanaa 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 populate(Psitard & Clubbe,

2003)
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Figure 2.7.5 Malpighia woodburyanaheavily browsed shrub habit

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

family. It is found on the limestort@abitatwithin 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 worlds population is found on AnegadBarwin Anegada, 2006)The scramliting
cactusgrows to be 2d 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(Blab(iii) ver 3.1;Gann & Taylor, 2013) The clumped growing nature &f
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guadicostatus make a mature individual count difficult and the second population on
Anegada had not been acknowledged by Gann and Taylor in their assessment, therefore th
further analysis of suitable habitat on Anegada is requiredepmrt 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 tosampling aremwas reached by roads, tracks and trails around the
island. The MaxEnt modéing process requires a random sampling procedure and transects
were chosen to equalhgpresent the island based on habitat stratificafitsis method was
chosen to best avoispatial autocorrelation anehsureeven sampling of each habitat type
(Guisan & Zimmermann, 2000Bix main habitat typesvere identified limestone scrub,
limestone thicket, limestone woodland, dune scrub, dune thicket and developetasezhs

on ahabitatvegetation map produced l§ew Gardens and e NPT of BVI (unpublished

map derived fronMcGowan, Broderick, Clubbest al, 2006a) The complete randomization

of transect choice was hindered by accessibility issues through thick somth @s well as

time constraints on the islan8ampling access based on roatsy 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 are@mnsects of at least 500m were walkgdfoot 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
envirormental variables (Sed@able 3.11). These include information on habitat type,
disturbance level and invas species presence. While MaxEequires oly presence data,
absence data is used in generalized linear model (GLM) analysis of specific variable
contribution to specigsresenceredictions.

If one or more of the target species was present within the quadrat further information specific
to each pecies was gathered, such as indications of reproductionT ¢bde3.1.2). Data was
collected as site and species points into ArcPad map layersofvet8i2.1, ERSI) on a
handheld GPS (Juno SD Handheld, Trimble,
http://lwww.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 BxXoe cleaning prior to analysis.
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Table 3.11 Data collected at each 5m x 5m quadrat

Data Collected

Description

Locality Notes

Alongside trai] Alongside road, Disturbed area, Along co
Forested ared)pen area, Scrub area, Developed area, Intact
Unknown

Species Presence/Absence

Present, Absent, Nearby

Habitat Type

Anthropogenic, Bare Soil, Buttonwood, Coastal Sand/Beach
Salt Flats, Dune Scrub, Dune Thicket, Halophytic Herbact
Limestone Scrub, LimestoneThicket, Limestone Woodlan

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, Invas

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 covefrvegetation to the nearest 5%

Table 3.12 Data collected for each target species present in the quadrat

Data Collected

Description

Frequency of target species

Abundant, Common, Frequent, OccasioRare, Unknown, N/A

Count of mature individuals (
target species

1-50

Presence/Type of reproducti
structure on target species

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

Presence/Type of fruitin
structures on target species

On Plant, NearbyNone, N/A

Presence/Type of recruitme
of target species

Seedlings, Propagules, Saplings, None, N/A

Any observed presence
pollinators

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

Observed health of plant

Pest- None; Diseasé None, Pesi None,Pest- Light Infestation
Pest - Heavy Infestation, Diseasé None, Diseasd Leaves
Diseasd Stem, N/A

Representative collections of herbarium specimens and DNA from each target, spases

Leptocereugjuadricostatuswere made across the distribution of the spedibe voucher

specimens are used for confirmation of species ideatitycan be used alongside the DNA

collections in future population or individual genetic analykisquadricostatuswas not
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collected due to the extreme rarity of the species and photos of all populations encountered

wereused in place of collections fatentification purposes.

3.2 MaxEnt Modelling

3.2.1 Data preparation

Presence data for all species was converted into .csv format for use in Ma&Enbn

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 increasedellingpower. Environmentdhyers used in analysis
include: a digital elevation model (DEM), slope, NeBbuth Aspect, EadVest Aspect,
distance to coasts, distance to roads, distanbaildings distance to inland water bodiead

habitat vegetation categorigSeeTable3.21 for descriptions). These layers were processed

at a 10mx10m resolution and converted ingcifformat 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 modelshis 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 sokrewn areas of land to be characterized as having no
datawithin 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 dunalysis

to missing environmental data

Table 3.21 Environmental layers used in MaxEnt modelling

Layer Description

DEM (Digital Elevation Model) Elevation information

Slope Percent angle of terrain

Northness Aspects NortiSouth

Eastness Aspects EasWWest

Distance to Coast General Distance tAll Coasts

Distance to Road General Distance to Roads

Distance tdBuildings General Distance tBuildings

Inland Water bodies General distance from netean water bodie
(i.e. saltponds)

Vegetation Habitat Major vegetation habitat types across
island from NPT/Kew map

3.2.2 MaxEnt Analysis
Initially, modek were createdsing a 4 fold crossalidation run type. During this process the

programfits four different models each with a different 25% of presence points as the test
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data and the other 7586 training data. After this a full model wiisusing 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 cominatio
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 choseras the final model on which to base predictiohile the useof the AUC as a

model performace parameter has been critiquéde tospatial constraints as well as the
comparison of presences to background data, not absgtes Jiméne/alverde, & Real,

2008 Merow, Smith & Silander, 2013)it has been used heme addition to individual
variable contibution and areas of known abserioechoose the most useful modet each
species. For all models program default settings of 500 maximum iterations, a convergence
threshold of 10 and a regularization multiplief 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 ABS (ESRI, Version 9.2)and converted into
Raster formatAn appropriatethresholdof the minimumprobability that signifies suitable
habitatwas chosen between either the minimum training presence value or the 10 percentile
training presence value characterize the predicted area

3.3 The effect of disturbanceon species presence
Understandi ng a vaipustypesefsditurivaece gan mekp enaké mredictions

of the impact of future development. The main development impacts in Anegada consist of
roads and associated clearance for widening; housing, which is mostlynedntai The
Settlement; development of hotels and other tourist infrastrydiangely found along the
coast of the islandnd the clearance of areas for keeping livestock. Plans for the continued
development of Anegada makes studying these processe&slctdi the conservation of
threatened species.

The variables used in GLM analysis were distance to roadandesto buildings, distance to
coast(as a measure of how coastal development might affect each sewles)three part
disturbance index (hedyidisturbed, partially disturbed or intacpistance data for each
species presence record was derived from the environmental lesgetsn MaxEnt analysis
and the index values were assedsedach quadraduring the field surveyA maximal GLM
model was fit including the contribution of each variable and all possiblayZinteractions.

A binomial family error structure witlthe canonical logit link functiorwas used in the
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analysis. A stepwise process of model simplification was used by testing the signifionce
removal of each model component to the overall residual deveamtealue of Akaiké s
information criterion AIC) as described bgrawley(2013) The final model was chosen to
include all significanvariablesand have the lowest AIC valuas a measure of the goodness

of fit of the model.

3.4 Protected Area Gap Analysis
The protectedarea boundarie®r the Western Ponds Protected Landscape and the Eastern

Ponds National Parlwere digitized and providedy the National Parks Trustf BVI and

RGBK. In QGIS (Version 2.4; accessibl®er download from http://www.qgis.org/en/sitg/

the pesence points for each species warerlainby 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 percentagfethe sampledpopulation 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 asssasgdsoogleEarthsatellite

imageryto summarize threats in tlagea.

3.5 Red List Assessments
The IUCN Red List Categories and CritefilBlCN, 2012; SeéA\ppendix 1for Criteria)were

used to identify the preliminary status of bdth anegadensend Senna polyphyllavar.
neglecta as these two species are current enceno the island and can be immediately
assessed without access to additional international species. pietsgeographic range
criterion was usetbr these two species. All known presence records for the two species were
loaded into GeoCATBachman, Moat, Hillet al, 2011 available at http://geocat.kew.org/).
The Area of Occupancy (AOO) and Extent of Occurrence (EOO) were calculated. A
summary ofthreats facing each species, as well as conservation efforts was also campiled
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 prese of 4 species are shownRigure4.12, Figure

4.15, Figure4.18, Figure4.111. The four presence records loéptocereus quadricostatus
reduce the reliability oMaxEnt modelling, therefore, the full process of maskdection was

not carried outhowever, a model using all data for training was created to assess potential
areado survey for the speciegigure4.114 andFigure4.115). The final model for all other
species was chosen based on highest A@ievas 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 Table4.11. A threshold binary map of suitable and
unsuitable habitat is also shown for each speci€sgure4.13, Figure4.16, Figure4.19 and
Figure4.112. Thesemaps highlight areas of particular importance to each species that can be
identified as IPAs.

Table 4.11 Percent Variable contribution to the final MaxEnt Model

Variable M. anegadense A. stahlii S. polyphylla M. L. .
var.neglecta woodburyana 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 anegadensiistribution
Metastelma anegadengepredicted to be present in the western dune areasegafla, just

East of the Ramsarea and at a lower probability in the Warner AregEabt Anegada as

well as on the &ysof the Western Pond§igure4.1.2). Distance to roads and lidings 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 c&sléhe wide ranging conditions
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over which this species existdfdpendix 2, Table 2)1 Additionally, the ROC is shown in
Figure4.11, and indicates a test AUC of 0.881. The value threshold used to identify suitable
habitat was the minimum training presence valle suitable/unsuitable habitat map kér
anegadenssuggests that much of the western portion of Anegada, excluding exedopked
areas as well as a portion of the eastern limestaie g8 well as the cayss suitable habitat

for the speciesHigure4.1.3).

Figure 4.11 Receiver Operating Characteristic (ROC) Curve for Training and Test Data oMetastelma
anegadense
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