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We must conserve our plants. They are part of our culture. If our culture dead,
then we dead.
Mr Alton Higgs – the last remaining bush doctor of the Turks and Caicos Islands.
June 2009
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ABSTRACT
The Important Plant Area (IPA) initiative aims to identify sites of exceptional
botanical importance for conservation. This research project investigates potential
methods and important considerations for identification and conservation of IPAs.
Three of the Turks and Caicos Islands (TCI) endemic plant species are used as case
studies.
Habitat suitability modelling is used to assess species potential distribution and
facilitate the identification of IPAs. This method is shown to be a robust approach for
predicting distributions and identification of potential IPAs. The IUCN Red List is
also shown to be a critical component of assessing the conservation status of a species
and therefore aids the identification of an IPA. The importance of understanding the
response of a plant species to disturbance is investigated. This information can be
used to make recommendations for IPA conservation and mitigation of the threats to
an IPA.
Support from stakeholders and the local community is crucial for the success of an
IPA. A short questionnaire revealed few people in the Turks and Caicos Islands
recognise the endemic species and so an awareness campaign may be required to
gather support for the IPA scheme. Interviews with key informants were used to aid
identification of IPAs from a local perspective.
This research demonstrates the use and importance of different approaches for
identification and conservation of IPAs. In addition, the research highlights six IPAs
in the Turks and Caicos Islands that are priorities for conservation of the three
endemic species studied.
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1. INTRODUCTION
1.1. The global biodiversity crisis and conservation priorities
The continuing loss of global biodiversity has major implications for all of life on
earth. Estimates suggest that extinction rates are between 100 and 1000 times that of
the natural background rate (Pimm et al 1995). This loss of biodiversity compromises
ecosystem functioning (Chaplin et al 2000). Human well-being depends upon on
ecosystem services for a wide variety of provisions including climate regulation, fresh
water supply, storm protection and pollination (Millennium Ecosystem Assessment
2005). Because conservation resources are limited, prioritisation of the most
important areas is required.
There are many initiatives that aim to provide analysis of global conservation
priorities such as ‘biodiversity hotspots’ (Myers et al 2000), ‘topspots’ (Fa and Funk
2007) and WWF-US ‘Ecoregions’ (Olsen and Dinerstein 1998). The range of
approaches for identifying key areas for conservation are based on different values
and it is clear that no single system will fully represent the conservation goals of the
various organizations leading each initiative (Whittaker et al 2005). These large-scale
schemes are useful for guiding global conservation effort and influence the allocation
of scarce conservation resources. However, a fine scale approach is required for
practical conservation action (Brooks et al 2006, Mace et al 2000).
The Caribbean region is frequently cited as an area requiring immediate conservation
attention (Myers et al 2000, Fa and Funk 2007, Aronson and Precht 2006). The
Caribbean contains three main island chains - the Bahamas, the Lesser Antilles and
the Greater Antilles.

This region exhibits a wide range of globally endangered

habitats including dry tropical forest, coral reefs and montane cloud forest. There are
estimated to be over 11,000 plant species found in the Caribbean, of which 70% are
endemic (Smithsonian online flora 2009). Habitat degradation and destruction,
invasive alien species and climate change are three of the main threats to the unique
flora of the Caribbean. Identification of conservation priorities within the Caribbean
region is therefore essential. This will guide practical conservation action, enabling
the long-term persistence of the exceptional plant diversity in the region.
Sophie Williams
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1.2. Global Strategy for Plant Conservation
Plants form the basis for all of life on earth and it is clear that human well-being
depends upon the diversity of plants found throughout the globe (Millennium
Ecosystem Assessment 2005). It is now estimated that between 60,000 and 100,000
plant species are currently threatened with extinction (Secretariat of the Convention
on Biological Diversity 2009). The Millennium Ecosystem Assessment (MEA)
identifies four main global drivers of biodiversity loss: habitat destruction and
degradation, over exploitation, invasive alien species, and pollution (Millennium
Ecosystem Assessment 2005). The recognition of these factors and the continuing
loss of plant diversity resulted in the development of the Global Strategy for Plant
Conservation (GSPC).
The GSPC is the first target driven, quantitative initiative of the Convention on
Biological Diversity (CBD). It was adopted by the Conference of the Parties (COP) 6
in The Hague in 2002. Five main objectives, with 16 outcome-orientated targets were
formulated with the ultimate aim of halting the continuing decline of plant diversity
(Secretariat of the Convention on Biological Diversity 2002). The 16 targets provide a
framework for which participating countries can implement the GSPC, in accordance
with their national priorities and capacities. Stage one of this global initiative is to be
achieved by 2010 (for an outline of the targets and progress see Secretariat of the
Convention on Biological Diversity 2009).
Target 5 of the GSPC aims to identify and protect a global network of key sites for
plant conservation. The target is to have 50% of the most important plant areas
protected by 2010; this is to be achieved through collaboration between a wide variety
of stakeholders (Plantlife International 2006). To directly contribute to the progress
towards Target 5 the ‘Important Plant Area’ (IPA) initiative was established. This has
been spearheaded by Plantlife International since 2003 (Plantlife International 2009).
The programme aims to identify sites of exceptional botanical importance and is
based on the successful Birdlife International ‘Important Bird Area’ project (Birdlife
International 2009). The IPA initiative is a global scheme that is practised at a local
level and is complimentary to large-scale approaches. This initiative is a multidisciplinary approach to conservation, combining biogeographic research, botanical
expertise, policy and stakeholder engagement.
Sophie Williams
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There are currently 69 countries that have participated in the identification of IPAs
(Secretariat of the Convention on Biological Diversity 2009). The method used for
identification of an IPA is based upon consistent and globally applicable criteria (see
Table 1.1). Only one of the criteria need be satisfied for a given site to meet the IPA
requirements. Sites of botanical importance require identification on a National level
with stakeholder consultation at all stages of the process. The identification of a site
as an IPA does not provide any legal protection; the IPA status is purely recognition
of the exceptional botanical importance of a site. The IPA scheme aims to inform
existing legislation and help direct conservation action (Anderson 2002).

Table 2.1 The criteria for designation of an Important Plant Area (Anderson 2002)
Criterion
A

Outline
The site holds significant populations of species of
global or regional concern

B

The site has exceptionally rich flora in a regional
context in relation to its biogeographic zone

C

The site is an outstanding example of a habitat of
global or regional importance

The selection of IPA’s is co-ordinated by a National IPA team with assistance from
Plantlife International. Confirmation of a proposed IPA site is a national decision
requiring agreement between the IPA team, National Government, land owners and
community members (Anderson 2002). Although the criteria for identification of an
IPA are consistent, the methods used to ensure the criteria are met are wide ranging.
The IPA database, which records all IPA information, describes each individual site
and the quality of data used to designate the IPA. However, the database indicates that
the basis for identification is frequently not recorded or unknown. In order for

Sophie Williams

10

countries to defend their choice of an IPA, a quantitative basis for identification is
required (Plantlife International 2009).
Discussions have been initiated by the Royal Botanic Garden, Kew (RBGK) and
Plantlife International regarding the establishment of IPA’s in the Caribbean; as yet,
no areas have been formally identified. The outcome of this study is therefore to
identify IPA’s in the Turks and Caicos Islands in order to initiate the IPA scheme in
the Caribbean.
1.3. Aims and Objectives
The overall aim of this research is to develop a comprehensive understanding of
potential methods used for identification of an IPA. This aim will be achieved through
several objectives:


Critical analysis of the use of habitat suitability modelling as a tool for guiding
identification of IPAs and further surveys.



Examination of the importance in understanding plant response to disturbance
for conservation of IPAs



Evaluation of the role of Red Listing species towards identification of IPAs



Investigation into community awareness of endemic species in order to assess
the level of potential support for IPAs

This research takes a unique approach to the identification of IPAs by testing a
relatively new modelling approach in its ability to predict areas of suitable habitat for
key species. In addition, the response of plants to disturbance is considered from the
perspective of conservation of IPAs in areas that are already experiencing (or are
likely to experience) construction and development.
1.4. Overview of thesis structure
The background in section two discusses the previous research relevant to this
research. Section three describes the methods used for field data collection and data
analysis. Section four presents the results from all aspects of the research. The
distribution model predictions are illustrated and the potential IPAs highlighted.
Conservation assessments for each species are described based on the distribution
Sophie Williams
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maps. Results are presented from the investigations into the response of the species to
disturbance, and the social surveys. Finally, section five discusses the results in the
context of the application for identification of IPAs, with focus on TCI.
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2. BACKGROUND

2.1 Overview
This section will examine relevant previous research and summarise the important
aspects in relation to this project. Firstly, the applications of species distribution
mapping will be reviewed. This is followed by an overview of habitat suitability
modelling with key elements explored in detail. A review of species conservation
assessments is then given. The importance of engaging stakeholders is looked at,
followed by a description of the study site and species.
2.1. Species Distributions
2.1.1. Mapping distributions
Geographic patterns in the spatial distribution of species have been a focus of research
for many years (MacArthur and Wilson 1967, Gaston 2000). Advances in Geographic
Information Systems (GIS) have led to an increase in the accessibility to species
distribution data, enabling research to be conducted from the global to the regional
scale. The applications of these data are wide ranging and include population
monitoring (Jones et al 2006), systematic conservation planning (Margules and Pressy
2000), and assessing species composition in modified landscapes (Ewers et al 2005).
Species distribution mapping can be conducted at many scales, from the global
(Grenyer et al 2006) to national (Dobson et al 1997) and local (Penn et al 2008). The
scale at which species distribution mapping is conducted has an impact upon how the
research can be utilised in practical conservation. Identification of priority areas for
conservation requires data at a higher resolution than at a global scale (Greyner et al
2006). Mapping of species distributions are essential for identification of IPAs and
needs to be conducted at a regional scale (Anderson 2002). For example, a regional
approach to identification of IPAs was conducted in Italy for the development of
National Biodiversity Strategy. GIS was used to document plant diversity at a high
resolution across the country and resulted in the identification of 320 IPAs (Blasi et al
2009).
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2.1.2. Habitat suitability modelling
Species-specific ecological and geographic data are frequently unavailable and
collection of such information can be financially expensive and time consuming.
Accurate prediction of a species distribution based on a limited number of occurrence
records is therefore a useful tool that allows inference of the environmental suitability
for a species in a study area (Phillips et al 2006). The aim of habitat suitability
modelling is to identify the important interactions between a species and its
environment; this information can then be used to predict the distribution of the
species. Habitat suitability modelling has a wide variety of applications in ecology
including conservation planning, vegetation mapping and examining the effects of
land use change on species distributions. Predictive models also enable targeted
surveying of areas with high probability of species occurrence. Habitat suitability
modelling has the potential to facilitate the identification of IPAs (see Guisan and
Zimmerman (2000) for more applications of predictive modelling).
Habitat suitability modelling produces predictions based on the ecological niche
concept (Hutchinson 1957). The fundamental niche of a species is the potential area
that an organism can occupy. Due to limiting factors such as competition with other
species and geographic barriers, a species is often found in a narrower range of
conditions than the fundamental niche would suggest; this is the realised niche of the
species (Ritchie et al 2009). Occurrence records used for predictive modelling are a
sample of a species realised niche. If the samples are taken from a small geographic
area, only a small proportion of the fundamental niche will be represented (Phillips et
al 2006). The final output of a habitat suitability model is a prediction of where the
environmental conditions are suitable for a species (Phillips et al 2006). It does not
represent the geographic range of the species; rarely will a species occupy all areas
that have suitable environmental conditions. Factors such as dispersal barriers (e.g.
mountain ranges) and interactions with other species will restrict the distribution of a
species even when environmental conditions are suitable (Pearson et al 2007).
Parameters such as population dynamics, dispersal and competition are important in
the understanding of species distribution, however these are often difficult to include
in the modelling process. Research has shown that the predictive power of a model
can be increased with the inclusion of a presence/absence parameter of known
competitors (Anderson et al 2002).
Sophie Williams
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Understanding of a species response to environmental change is fundamental when
considering the long-term distribution of a species (Pearson et al 2002). Habitat
suitability modelling, based on environmental variables, is inherently static and so
assumes a state of equilibrium in the system studied (Pearson et al 2002). This
‘pseudo-equilibrium’ may result in bias in the final model if the species is expanding
or decreasing its range (Hirzel and Guisan 2002). Mechanistic models are a dynamic
approach to predicting species distributions and have been used to assess the response
of a species to climate change (Pearson et al 2002). The threats posed to many species
are dynamic both spatially and temporally. Incorporation of threats to species, such as
habitat degradation, into habitat suitability modelling would provide a useful insight
into the potential changes in a species distribution. This would enable prevention of
potentially serious declines in a species population through mitigation of the threat.
The spatial scale at which species distributions are modelled has a significant impact
upon the hypothesis that can be tested and therefore the conclusions that can be made
(Austin 2007). Variations in abiotic and biotic factors that can only be detected at a
fine scale may influence the ability of a species to survive in an area but may be
overlooked or impractical to measure. At a low-resolution only large scale processes,
such as variation in the climate, will be detected; this introduces bias in the final
model output as other important factors affecting species distribution will not
considered (Austin 2007). The scale that is used for modeling purposes will influence
the generalisations that can be drawn and may limit the usefulness of the model in
practical application. It is therefore important to consider the purpose of the model
when deciding the scale that will be used.
Development of a habitat suitability model optimally requires two independent
datasets for training and testing of the models. This allows evaluation of the
predictive power of the model developed. However, because of time and financial
constraints, a single dataset is often partitioned by methods such as bootstrapping and
jackknife techniques (Elith et al 2006). This split-sample approach is not appropriate
for small datasets, as the total number of observations may not produce robust
predictions (Pearson et al 2007, Guisan and Zimmerman 2000, Hirzel et al 2006).
The choice of predictors used for model development will affect the result of the final
model (Phillips et al 2006). The environmental variables measured as possible
Sophie Williams
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predictors are often a small sample of the actual abiotic and biotic factors that
influence species distribution. Selection of the predictor variables requires care and
should be considered on a species-specific basis (Phillips et al 2006). There is an
increasing availability of high-resolution spatial data that can be accessed over the
Internet. This has assisted the expansion of environmental variables that can be
included in distribution modeling (Elith et al 2006).
The number of occurrence samples will impact the final model output. Pearson et al
(2007) quantitatively assessed the influence of a limited number of samples was using
a jackknife technique on samples sizes ranging from 4 to 23 occurrences. This study
shows how the influence of a single occurrence record will increase with a reduction
in the total sample size. A limited sample size increases the uncertainty to which the
model can accurately make predictions. Careful application and interpretation of
model outputs based on a limited sample size can still yield interesting and useful
results (Pearson et al 2007).
2.1.3. Maximum Entropy Modelling
Developing a comprehensive and spatially explicit understanding of species
ecological and geographic distributions has recently accelerated due to progress made
in statistical modelling methods (Guisan et al 2002). There are many tools now
available to facilitate habitat suitability modelling using presence and absence data
(Guisan and Zimmerman 2000). Herbarium and museum collections are a huge
source of occurrence records, which can be used for predicting species distribution.
However, these data frequently lack absence records.

Methods that can predict

species distributions from occurrence only records will therefore be a valuable tool
(Phillips et al 2006). The use of maximum entropy techniques to estimate the
probability of species distribution enables the utilization of presence-only records,
when combined with environmental predictors (Phillips et al 2004). MaxEnt is a
habitat suitability modeling programme that combines presence only records with
environmental data and aims to find the probability distribution of maximum entropy
(Phillips et al 2006, Pearson et al 2007).
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The receiver operating characteristic (ROC) analysis is the primary method of
evaluation of the models produced by MaxEnt. This method, originally developed in
World War II and taken from signal detection theory, requires true positives
(sensitivity) and false positives (specificity) in order to produce the curve; sensitivity
is plotted on the y axis and 1-specificity is plotted on the x axis (Phillips et al 2006).
ROC analysis classifies a binary response and so application of this method requires
negative occurrences i.e. absences. Due to the lack of absence data, MaxEnt
calculates a sample of ‘pseudo absences’ that are randomly distributed across the
background of the study area (Phillips et al 2006). The area under the ROC curve
(AUC) provides a measure of the ability of a model to correctly identify a random
presence or absence site (Elith et al 2006). If the AUC is equal to 1, it indicates the
model can perfectly predict the presence and absence of a species. If the AUC is 0.5,
the prediction is no better than random; an AUC of <0.75 is considered to be a
acceptable result (Elith et al 2006).
The output from MaxEnt provides a probability of environmental suitability, with a
value given to each individual cell. All cells that have equal or lower probabilities are
combined and multiplied by 100 to provide a percentage (Phillips and Dudik 2008).
It should be noted that the probability output from MaxEnt is always less than one
(Phillips et al 2006). A threshold can be set at different levels to then produce a binary
output in order to distinguish areas that are suitable or unsuitable. A conservative
approach to setting a threshold level is the minimum training presence value (Pearson
et al 2007). This restricts the suitable area values to be at least the same as the lowest
value of an occurrence record used in the training data.
2.1.4. Use of habitat suitability models for identification of IPAs
Habitat suitability models are important tools for supporting conservation planning
(Ferrier et al 2002a) and have the potential to facilitate the identification of IPAs.
Sites of predicted occurrence can then be targeted for further research and surveys.
This is particularly useful when attempting to identify IPAs over a large geographic
area as it provides the opportunity to direct scarce conservation resources to sites
critical for plant conservation. Species assemblages can also be modelled (Ferrier et al
2002b). Incorporating the potential distribution of multiple species enables sites of
exceptional diversity to be recognised. This information can be integrated into
Sophie Williams
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systematic conservation planning and allows complimentary and irreplaceable sites to
be identified.
Habitat suitability modelling provides an opportunity to illustrate distribution
predictions that can then be used to engage stakeholders in the identification of IPAs.
Predictive maps are an excellent and visual method for communicating information
regarding species distribution (Whittaker et al 2005).
2.2. Conservation assessments
The World Conservation Union (IUCN) Red List of Threatened Species is regarded
as the most comprehensive resource for assessing and monitoring biodiversity
(Rodriques et al 2006). The IUCN has conducted species conservation status
assessments since the 1960s; these Red Data Books contained subjective
classifications of species based on expert knowledge and interpretation of collated
data (Butchart et al 2005). In 1994 (with revisions in 2001) a quantitative criteria
system was developed for Red List classification (Butchart et al 2005). The specific
aim of the Red List programme is
“to provide the most comprehensive scientifically rigorous information on the
conservation status of the worlds species so that informed decisions and actions can
be taken” (Baillie et al 2004)
The Red List is not a prescriptive guide for conservation priorities. It is a source of
information that can be utilized for many applications. The information collected in
order to red list a species may include data on the distribution, threats, population size
and trends. These data are an additional tool to the species assessment, which can
support the range of applications including management decisions, conservation
planning and policymaking (Rodrigues et al 2006).
Red Listing can aid the identification of IPAs through the calculation of a species
range, population size and documentation of areas with high plant diversity. The
development of digital distribution maps for Red List assessments is a useful
approach for the identification of IPA using category A of the IPA criteria. Red List
assessments provide an opportunity to measure the uniqueness of a site and highlight
areas that are particularly vulnerable (Rodriques et al 2006). Because of the
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standardized, quantitative nature of the Red List, different locations can be compared
allowing the most important sites of plant diversity to be identified.
Target 2 of the GSPC aims to conduct a preliminary conservation assessment for all
plant species by 2010. There has been insufficient progress made to meet this target;
currently only 3-4% of angiosperm species have been Red Listed using the IUCN
criteria (Secretariat of the Convention on Biological Diversity 2009). The lack of
funding and available resources such as herbaria, along with a lack of taxonomic
experts, has constrained the progress made towards target 2. Prioritization of this
target will significantly aid the identification of IPAs globally.
2.3. Stakeholder Engagement
Involvement of all stakeholders in decision-making is widely recognised as a vital
step in the conservation and management of biodiversity (Webler et al 2001).
Integrating the heterogeneity of a community and the values held within a community
into conservation planning may be challenging, but can improve the chances of
success of a conservation strategy (Milner-Gulland and Rowcliffe 2007). It has been
argued that meeting a consensus in decision-making can have a deleterious effect on
practical conservation (Peterson 2005). From the perspective of the identification and
long-term success of an IPA, collaboration (but not necessarily unanimity) between
stakeholders is required. In many cases, initial identification of an IPA has been
facilitated by workshops involving a variety of stakeholders from different sectors of
the community. Ownership of the IPA project has therefore been shared between a
larger number of organisations and community groups rather than a single institute
(Radford and Ode 2009). A community-based approach is applied to the management
of many IPAs and in particular those that hold resources utilized by the local people.
It is clear from previous experience of initiating IPAs around the globe that
stakeholder engagement is a vital step for identification, designation and long-term
success of IPAs (Radford and Ode 2009).
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2.4.The Study Site
2.4.1. Location
The Turks and Caicos Islands are a UK overseas territory located in the Atlantic
Ocean, at the eastern edge of the Bahamian archipelago (Figure 2.1). There are over
40 islands and cays that are all low-lying, limestone islands with a total area of
430km2. The Turks islands are separated from the Caicos island chain by a 30km
channel known as the Columbus Passage (Figure 2.2). The islands are characterised
by a dry tropical environment; the annual temperature ranges from 22oC to 31oC and
the average annual rainfall is 600mm. Tropical depressions and hurricanes frequently
hit the islands and can often reach category 4 and 5.

Figure 2.1. The location of the Turks and Caicos Islands in the Caribbean
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Figure 2.2. The Turks and Caicos Islands

2.4.2. Population
Currently, only six of the main islands and two small cays are inhabited by humans.
The 2006 census states the total population of TCI is approximately 32,000. The
population of TCI in 1960 was estimated at approximately 6000 (Jones 2008). Over
24,000 of the current population live on Providenciales (Mills 2008). The population
boom on Providenciales occurred due to the rapid increase in tourism and
development over the last 30 years.
2.4.3. Plants in TCI Culture
Many of the plants in TCI were traditionally used by local people for crafts such as
basket making and boat building. These activities are still practiced but are restricted
to the most rural of the islands and frequently by older generations. The use of
medicinal plants is an important component of traditional TCI culture (Bowen 2009,
pers. com). There is still some use of medicinal plants by the local people although
this is declining. There is now only a single bush doctor left in TCI. The increasing
globalisation of TCI appears to be detrimental to the traditional culture and heritage of
the islands.
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2.4.4. Habitats
TCI has approximately 500 native plant species; nine of these are endemic (Correll
and Correll 1982). The islands are biogeographically part of the Bahamas and thus
much of the flora and fauna is shared. TCI contains a wide variety of terrestrial
habitats (Manco 2008, see table 3.1 for habitat descriptions and characteristics).
Before European colonisation in the 18th Century the islands were primarily
composed of dry tropical forest. The Loyalist cotton plantation owners cleared much
of this unique habitat and now only a small remnant remains on North Caicos. The
development in TCI has been so far primarily restricted to a few main islands such as
Grand Turk and Providenciales. This has had a huge localised negative impact upon
the vegetation but has allowed vast areas to remain as intact habitat.
2.4.5. Threats
Many of the economic activities of TCI depend upon the natural resources of the
islands. Uncontrolled exploitation of these resources has resulted in increasing
pressure upon these natural habitats (Garland-Campbell 2008). The most immediate
threat to the conservation of TCI habitats is construction and development. Habitat
degradation in TCI has been focused in coastal areas due to the high demand for
tourism developments. Tourism is the fastest growing sector in TCI and the number
of visitors increased from 70,000 in 1995 to over 250,000 in 2006 (Garland-Campbell
2008).
2.4.6. Legislation
There is national and international legislation in TCI that protect areas of marine and
terrestrial habitats. The National Parks Order in 1992 formally established 33
protected areas covering 705km2 but only 10% of this is terrestrial. The south of
North, Middle and East Caicos have been internationally recognised as exceptional
examples of pristine wetland and have been protected under the Ramsar Convention
since 2002 (Turks and Caicos National Trust et al 2002). Alongside the National
Parks Order in 1992 was the development of the National Trust Ordinance. This
established the Turks and Caicos National Trust with the goal of conservation and
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preservation of wildlife (terrestrial and marine) and conservation of TCI heritage
sites.
2.4.7. Political Context
It is important to consider the conservation of TCI flora in the context of the current
political situation. Allegations of financial corruption within the TCI government
have resulted in British direct rule of TCI from August 2009 for at least two years.
One of the allegations suggests that areas of Crown land have been sold to
development companies, resulting in uncontrolled construction across the islands.
Enforcement of the protected areas status on many islands has been totally absent and
has in some case resulted in building occurring within protected areas. The recent
change in Governmental situation may provide the opportunity for the development in
TCI to become more sustainable and considerate to the natural environment.
2.5. Study Species
The species selected as case studies represent three of the nine endemics found in TCI
(Oldfield and Sheppard 1997). These three were chosen because of the lack of
distribution data and presumed high-risk conservation status. Each of the focus
species has interesting qualities when considering them in the context of IPAs.
Argythamnia argentea (Figures 2.3 and 2.4) is a small species that is known primarily
from one island and is severely threatened by construction and development. Encyclia
caicensis (Figures 2.5 and 2.6) is locally known as the Wild Shallot and is one of the
six orchid species found in TCI. It is thought to be restricted to few locations across
the islands (Manco pers. com. 2009). Limonium bahamense (Figures 2.7 and 2.8),
known as the sea heather, was nominated the national flower of TCI in 2002. This
provided an opportunity to assess the level of awareness and recognition of the
national flower within the TCI community. For full botanical descriptions of the focus
species see appendix 1.
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Figure 2.3.
Argythamnia argentea.
The distinctive silvery
leaves and monoecious
flowers can be seen.

Figure 2.4. Many Argythamnia argentea specimens growing
under limestone thicket canopy on Big Ambergris Cay.
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Figure 2.6. Encyclia caicensis flowers

Figure 2.5. Encyclia caicensis
growing in epiphytic form.

Figure 2.7. Limonium bahamense growing in
typical salina habitat
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Figure 2.8. Limonium bahamense
flower spike
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3. METHODS
3.1. Field Methods
3.1.1. Presence/absence transects
Fieldwork was carried out across nine islands throughout the Turks and Caicos
archipelago over eight weeks during May and June 2009. Because of accessibility,
Middle and North Caicos were sampled more intensively than the other islands. A
pilot study was initially conducted to determine the length of transects, the spacing of
the sampling points and the size of the assessment point. A transect length of 400
metres with assessment points every 50 metres was used. This provided 8 assessment
points per transect; each assessment point was a quadrat of 2x2 metres. In dense
habitat this was the largest size feasible for assessment without deviating extensively
from the transect line.
At each assessment point presence/absence of A. argentea, E. caicensis and L.
bahamense was recorded. Biotic and abiotic variables were also recorded at each
assessment point (see appendix 2 for table of environmental variables recorded). A
handheld PDA with integrated GPS was used in the field.

Data were recorded

directly into ArcPad (ESRI Version 7.0.) and subsequently cleaned using BRAHMS
(Botanical Records and Herbarium Management System, available to download from
Oxford University http://dps.plants.ox.ac.uk/bol/). A 2002 LandSat image was used as
the base layer for all data collection and analysis. The projection used for all GIS
work was UTM 19N. The locations of transects were chosen as to cover all habitat
types (table 3.1) across the TCI. Sampling bias due to autocorrelation will affect the
final model output. Statistical methods have previously been incorporated into spatial
modeling to address this potential problem (Ferrier et al 2002). Sampling in TCI was
conducted in a manner to avoid spatial autocorrelation.
Following detection of a species, adaptive cluster sampling was then initiated in a
cross pattern with units of 2x2 metres (Figure 3.1). As these data were not collected
for statistical analysis, environmental variables were not recorded. When an
individual was detected in one of the additional cells, the network was extended
(Figure 3.2). The criteria for the edge units was the absences of an individual.
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Table 3.1. Habitat types, descriptions and characteristic species found in the Turks
and Caicos Islands. The habitat types were defined in collaboration with RBGK and
the TCNT.
Habitat
Ironshore

Dune Scrub

Dune Thicket

Description

Characteristic species

Limestone along the coast. Very

Rachicallis americana, Strumpfia

little soil.

maritima

Low growing and sparse vegetation

Reynosia septentrionalis,

on sand dunes along the coast.

Strumpfia maritima

Dense vegetation forming a canopy,

Coccothrinax argentea, Thrinax

on sand dunes. Often dominated by

morrisii, Cocoloba uvifera,

palms
Limestone

Low growing vegetation on

Reynosia septentrionalis, Acacia

limestone. Very little soil.

choriophylla

Dense vegetation forming a canopy,

Bursera simaruba, Lysiloma

Thicket

frequently up to 5 metres.

latisiliquum, Bourreria ovata

Salina

Salt flats periodically inundated by

Salicornia virginica, Suaeda

salt water.

conferta, Conocarpus erectus,

Heavily disturbed and modified by

Casuarina equisetifolia, Leucaena

human activity

leucocephala. Cocos nucifera

Rocky ground seasonally flooded.

Pinus caribaea var. bahamensis,

Scrub
Limestone

Anthropogenic

Pineyard

Sabal palmetto, Encyclia rufa
Dry Tropical
Forest

Dominated by trees up to 20 metres

Bucida buceras, Siderexylon

with dense canopy. Only a small

salicifolium, Lysioloma

remnant remaining.

latisiliquum, Bursera simaruba

Figure 3.1. Adaptive cluster sampling
design in a cross pattern.
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Figure 3.2. Extension of the network
when an individual is detected. Green
indicates detection of individual.
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Adaptive cluster sampling is a relatively new method designed for efficient sampling
of rare and elusive species (Thompson 2004, Sutherland 2006). This technique
exploits the clustering nature of many plant species as was used in this study to
document the range of the species.
3.1.2. Social Survey
A questionnaire was developed in order to investigate the recognition of the three
focus species by residents of the TCI. A pilot study using opportunistic sampling was
used to test the questionnaire, which was conducted in the villages of Bambarra and
Lorimers on Middle Caicos. Ten participants were surveyed and all responses were
recorded on an Excel Mobile 2000 spreadsheet in a handheld PDA. Questions that
proved difficult to answer were re-phrased and local terminology was included into
the survey after the pilot study to make the survey more locally relevant. A4
photographs of each of the focus species was shown to the participant. If the
participant recognised the plant this triggered a suite of additional questions regarding
the local names and use of the plant (see appendix 3 for full questionnaire). To avoid
bias due to misidentification, respondents were asked to describe the location that
they had seen the plant they recognised. If the response indicated a misidentification
(i.e. believed it was a plant found in their garden) it was noted as non-recognition of
that species. Before initiating the questionnaire, all participants were assured there
were no right or wrong answers. At the end of the survey, a gift of two young papaya
plants was given to all participants as a thank you.
Opportunistic sampling was used to collect 100 completed questionnaires. These were
divided equally between Providenciales (50) and North and Middle Caicos (50).
North and Middle Caicos were classed as one because the islands are connected by a
causeway, allowing residents to travel freely between the two islands. Both North and
Middle Caicos are classed as rural whereas Provo is an urban island. This distinction
would allow direct comparisons between the two sampled areas.
Semi-structured interviews were conducted with key informants, chosen with the help
of the TCNT. The questionnaire was used as the basis for interview structure and was
recorded on a Dictaphone (Olympus VN-1100PC), with handwritten notes also taken.
A pilot of 2 interviews was conducted and enabled refinement of the questions asked
during the conversation.
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3.2. Analysis
3.2.1. Habitat suitability modelling
Maximum Entropy Model (MaxEnt, Version 3.3.1, available to download from
www.cs.princeton.edu/~schapire/MaxEnt/) was used to predict the potential
environmental suitability for A. argentea, E. caicensis and L. bahamense across the
TCI. MaxEnt is a modelling technique that requires only presence data (Phillips et al
2006). MaxEnt has been shown to perform well in comparison with other presence
only methods and is able to make robust predictions even with limited samples
(Pearson et al 2007). A combination of assessment points taken in the field were
collated for use in MaxEnt; minimum data points and species assessment points, in
addition to the presence points documented along transects. Presence point data were
exported from BRAHMS into ArcMap (ESRI Version 9.3) and duplicate presence
points were deleted to avoid bias in the final model output. The sample data were then
imported into MaxEnt with the latitude and longitude coordinates for each assessment
point.
The coastline, roads and settlements for each island surveyed were digitised in Google
Earth (Version 5.0) and subsequently converted to shape files for analysis in ArcMap.
The coastline for each island was split into separate North, South, East and West lines
in order to assess the individual impact of each coastal aspect upon presence.
Normalized Difference Vegetation Index (NDVI) was calculated and prepared as a
raster layer by the GIS Unit at RBGK. NDVI is an index which measures spectral
reflectance of near infra red and red from the green leaf area index (LAI) variable and
is calculated using the equation NDVI=(NIR-RED)/(NIR+RED). This algorithm is
able to differentiate between land surfaces and can be used for identification of
vegetation types (Baret and Guyot 1991). Landsat band 6 thermal data was also used
to create a layer for use as a predictor in MaxEnt. Band 6 uses the thermal infrared
spectrum (wavelength interval 10.40-12.50µm) to measure the reflectance of water on
a surface and is frequently used as an index for soil moisture (Southworth 2004). A
digital elevation map (DEM) was also provided by the RBGK GIS unit, however it is
expected this will not be a good predictor of species presence due to the low lying
nature of the TCI and the general lack of topography across the islands.
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A total of 9 predictor layers were prepared for use in MaxEnt. These were: distance to
north coast, east coast, south coast, west coast, distance to roads, distance to
settlements, NDVI, DEM and Band 6. Predictor layers were all created to a resolution
of 30m. Correlation between predictor variables can bias the model and so choice of
predictors requires careful consideration (Phillips et al 2006). Optimally a wide range
of variables would be used as predictors but frequently data availability limits this
choice. For this study the choice of predictors was limited by the data available at the
resolution of 30m2. This resulted in variables which showed some co-linearity
(distance to settlements and distance to roads) to still be used in the same predictive
model and may bias the final model produced.
MaxEnt was then used to produce the predictive maps. Initially, a cross-validation
analysis, using 25% test data and 4 replicates was performed. All data were therefore
used for training and testing in these replicate models. A jackknife method was used
to assess the contribution of each variable to the model. A full model was then fitted
to the data, using all presence points for training. Following this, models were
produced using 75% training and 25% test data. Models were produced with omission
of the two least contributing predictor variables to assess if this increased the AUC of
the ROC curve. Each of the two omitted variables were removed individually and also
tested in combination. Settings used for all models were defined at 500 iterations, a
convergence threshold of 0.00001 and calculation of 10,000 background points.
Choice of the final model was based upon the highest AUC value (see appendix 4 for
full history of model development and AUC values).
The final model for each species was imported into ArcMap and transformed from a
probability to a binary predictive map showing locations of suitable or unsuitable
environmental conditions. A threshold was set at the minimum training presence
threshold. This value is calculated by MaxEnt and represents the lowest probability
value of presence recorded for one of the presence points used in the model training
data. The binary maps for each species were then overlaid with each other and also
the binary predictive map produced for the invasive plant species (Hardman 2009
unpublished data).
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3.2.2. The effect of disturbance on species distribution
The effect of disturbance on the presence and absence on the three focus species was
assessed by extracting data from GIS using ArcMap. Digitisation of the roads and
settlements enabled calculation of the distance from each assessment point to the
nearest road and settlement feature. This was combined with the degree of disturbance
for each assessment point, documented in the field and analysed in R (Version 2.9.2Available to download from http://cran.r-project.org/).
Initially linear mixed effects models were fitted to these data, using the lme4 library
and specifying the transect location as a random effect. This took into account the
pseudo-replication of the assessment points along the transect. However, with the
inclusion of variable interactions, the mixed effects model appeared to be over
parameterised. This is likely to be due to the small number of presence points for each
species and the inclusion of too many explanatory variables. The pseudo-replication
was averaged away, allowing the fixed effects to be analysed using generalised linear
models (GLM). The response variable was therefore transformed from binary data to
proportion data, bounded between 0 and 8. The link function was specified as logit
and to account for over-dispersion, the error structure was specified as quasibinomial.
Although widespread in ecological studies, the stepwise modeling approach used in
this study has received criticism; this method can lead to bias in parameter estimation
and selection of the minimum adequate model (MAM) (Whittingham et al 2006). An
alternative is the information theoretic approach, which uses Akaike’s Information
Criterion (AIC) for model selection (Burnham and Anderson 2002). The analysis for
this research required the use of the quasibinomial family, which does not provide an
AIC value, therefore the MAM technique was used in accordance with Crawley,
2007.
Construction and development in TCI is primarily focused around coastal locations
with new roads cleared through intact habitat regularly. For these reasons the
explanatory variables used to assess the effect of disturbance were: distance to the
coast, distance to roads and disturbance level documented at the assessment point.
Initially, the distance to settlements was also included however this variable showed
co-linearity with the distance to roads and so was omitted from the model.
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The data analysed is non-orthogonal, that is, the research was observational, has
explanatory variables that are correlated and has some missing values for the
variables. This means that model simplification requires care with the order of term
deletion (Crawley 2007). Maximal models for each species, with two-way interactions
were fitted to these data. Model simplification was carried out through stepwise
deletion of variables and model selection was conducted through parameter inference
(see appendix 7 for model history and simplification).
χ2 tests were used to assess significance of increase in the residual deviance for a term
deletion. If the χ2 test showed removal of a term caused a significant increase in
residual deviance it was added back into the model. The MAM was chosen based on
the principal of parsimony. The model chosen minimised the residual deviance, had
the minimum number of explanatory variables and maximised the degrees of freedom
(Crawley 2007).
3.2.3. Conservation Assessments
The area of occupancy (AOO) and the extent of occurrence (EOO) were calculated
for each species using the RBGK GIS Unit online assessment system. AOO is a
measure of the suitable habitat that is currently occupied by the focal species. EOO
measures the spatial spread of habitat over which the species is found. These two
measures are the most appropriate approach for making conservation assessments of
the three TCI endemic species due to only having quantitative geographic data
available. The focus species were therefore assessed using criterion B from the IUCN
Red list criteria (Standards and Petitions Working Groups 2006).
3.2.4. Social Survey
Data were collected in Excel mobile on a handheld PDA and subsequently coded in
Excel (2007) and finally exported to R for analysis. As none of the respondents
accurately recognised A. argentea, no analysis was conducted on these data.
Misidentification by the participants is a source of potential bias for all the species
studied. The field methods used aimed to reduce this but may introduce some bias
into the estimates.

Sophie Williams

32

4. RESULTS
4.1. Habitat suitability modelling
Occurrence data was used to construct predictive maps showing habitat suitability for
each species (Figures 4.1, 4.2 and 4.3). In addition binary predictive maps were
created for each species (see Appendix 5). Areas that meet IPA criteria were
identified and are highlighted in Figures 4.4-4.9 and are shown as binary distributions.
Models showing the potential distribution of the endemic species and the invasive
species are presented in Appendix 6. The cross-validation approach showed the
consistency of the variables in producing predictions; each variable always
contributed a similar percentage to the model (see appendix 3). The percentage
contribution of each variable for development of the final models are shown in table
4.1.
The distance to roads and distance to the east coast variables were both important
predictors for all three species. For A. argentea, distance to the west coast was also an
important predictor with a contribution of 23.7%. The distance to the north coast is an
important contributor to the distribution of E. caicensis and Figure 4.2 shows how the
suitable habitat for this species is primarily restricted to the North and East coasts of
the islands. Figure 4.3 shows the environmental conditions are mainly suitable for L.
bahamense in the eastern areas of the archipelago; distance to the east coast was
clearly the most important variable in development of the final model with 31.8%
contribution.
Models were developed with the removal of the least contributing variables for each
species; for all species this was DEM. This resulted in all three cases in over-fitting of
the model with a training AUC value of 1 (Appendix 4). Choice of the final model
for each species is based upon the highest AUC value, with the exclusion of overfitted models. The ROC curves for the final model for each species are shown in
figures 4.10, 4.11 and 4.12. For all species, the test data closely fits the training data,
indicating the final models are transferable and accurate in the predictions based on
the variables provided (Phillips et al 2006).
Figures 4.1-4.6 in Appendix 6 show the jackknife results for the training and test data
for each species. These figures illustrate the performance of the model without the
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removal of one variable for each model run. The figures also show the performance of
the models based on a single predictor variable.

Table 4.1. The percentage contribution of each predictor variable to the final model
output for each species. The predictor layers for development of the models were
coded as follows: North=distance to north coast, South=distance to south coast,
East=distance to east coast, West=distance to west coast, DEM= Digital elevation
model, NDVI= Normalised difference vegetation index, Band 6= raw band 6, Roads=
distance to the nearest road, Settlements= distance to the nearest settlements.

% Contribution of each predictor variable for the final model

Predictor
Variable

A. argentea

E. caicensis

L. bahamense

North

0.3

29.5

4.5

South

6.6

17.6

5.2

East

26.9

27.2

31.8

West

23.7

2.7

9

DEM

0.9

0.1

0.4

NDVI

7.1

1.8

7.5

Band 6

4.5

15.4

0.9

Roads

28.5

29.5

13.5

Settlements

1.4

1.8

27.2

Test AUC

0.994

0.990

0.993

Training AUC

0.999

0.996

0.997
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Figure 4.1.

Sophie Williams

35

Figure 4.2.
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Figure 4.3
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Figure 4.4. Populations of L. bahamense and A. argentea have been documented on Big
Sophie Williams
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Ambergris Cay. The habitat suitability model indicates the entire island may be an important
site
for all three endemic species.
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Figure
4.5. A population of L. bahamense has been documented at Big Pond on Middle
Caicos. The habitat suitability model indicates this is a key site for the species.

Figure 4.6. A population of L. bahamense has been documented in the south of Grand Turk
40 Habitat
and a population of A. argentea has been documented in the north east of the island.
suitability modeling indicates A. argentea may be more widespread that currently documented.
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Figure
4.7. The

north coast of North Caicos is known to be an important site for E. caicensis.
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Habitat suitability modeling predicts this species may be found on the east coast.

Figure
4.8. L. bahamense is known to grow in abundance on Salt Cay. Habitat suitability
Sophie Williams
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modeling predicts the island is also suitable for A. argentea.

Figure 4.9. Wild Cow Run is a key site for E. caicensis. Habitat suitability modeling suggests that
A. argentea
Sophie
Williams may also be found on the peninsula.
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Figure 4.10. Final model ROC curve for Argythamnia argentea

Figure 4.11. Final model ROC curve for Encyclia caicensis
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Figure 4.12. Final model ROC curves for Limonium bahamense

4.2. The effect of disturbance on species distribution
4.2.1. Response of Argythamnia argentea to disturbance
None of the parameters tested showed significance in relation to the presence of A.
argentea. This indicates that the null model cannot be rejected. The explanatory
variables tested in this analysis therefore do not contribute to explaining the variation
seen in the presence/absence response of A. argentea.
4.2.2. Response of Encyclia caicensis to disturbance
Several factors were found to correlate significantly with the distribution of E.
caicensis. Distance to the coast was found to be the most significant factor (z= 3.537,
df=73, p<0.01), indicating that E. caicensis is more likely to found near the coast.
This is supported by the number of presence points documented in dune habitats,
which are coastal (see figure 4.13). The distance to the roads showed a significant
negative correlation with presence (z= -2.012, df=73, p<0.05) indicating E. caicensis
is more likely to be found with increasing distance from roads. The disturbance level
also resulted in a significant relationship between presence and intact habitats
(z=2.004, df=73, p<0.05). This positive correlation shows that E. caicensis is more
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likely to be found in intact habitats than disturbed areas. The distance to roads and
intact habitat interact (z=1.983, df=73, p<0.05). In intact habitats the effect of roads is
additive strengthening the positive correlation on E. caicensis presence.

Figure 4.13. The presence of Encyclia caicensis in different habitats. The number of
points shows how many individuals were documented in the habitat.

4.2.3. Response of Limonium bahamense to disturbance
Three factors showed to be positively correlated with L. bahamense presence. A
negative correlation between distance to the coast and presence was found (z=-2.705,
df=76, p<0.01). This indicates that with increasing distance from the coast L.
bahamense presence decreases. Intact habitat and distance to the coast were found to
interact and significantly affect L. bahamense presence (z=0.004, df=76, p<0.01). A
negative relationship between intact habitats and L. bahamense presence was found
(z=-3.296, df=76, p<0.01). This indicates that L. bahamense is primarily found in
disturbed habitats. This is supported by the number of presence points documented in
the field in disturbed and intact habitats (see figure 4.14).
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Figure 4.14 Presence of Limonium bahamense in disturbed and intact habitats.

4.3. Conservation Assessments
Although only one is required, both the extent of occurrence (EOO) and area of
occupancy (AOO) were calculated and satisfied criterion B; <5000km2 and <500km2
respectively. This classifies all three species as endangered. See table 4.2 for the final
conservation assessment results and criteria met according to the IUCN Red List
criteria.
Table 4.2. Red List classification and criteria met by A. argentea, E. caicensis and
L. bahamense
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Species
A. argentea

Classification
Endangered

Criteria Met
B1 a+biii

E. caicensis

Endangered

B1 a+biii

L. bahamense

Endangered

B1 a+biii
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4.4. Social Survey
E. caicensis was the most frequently recognised of the focal species with 62% of
respondents giving a positive response. L. bahamense was recognised by 24% of
people whereas A. argentea was not recognised by any of the respondents. The social
survey showed people harvest and use of Encyclia species. Interviews with key
informants from North and Middle Caicos indicates that people do not differentiate
between species but harvest all Encyclia species for the same use. Of the respondents
that recognise E. caicensis, 45% use the plant as a cooling drink. All the respondents
that harvest Encyclia species do so from the wild.
The semi-structured interviews resulted in the identification of areas where the focus
plants are known to occur; this aided the identification of potential IPAs. Two
informants described Wild Cow Run as the most important site for Encyclia. The area
known as Big Pond on Middle Caicos was also described by one informant as an
important site for L. bahamense.
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5. DISCUSSION

5.1. Overview
The aim of the IPA scheme is to identify and protect sites critical for plant
conservation. This study addresses the application and importance of different
methods for identification of IPAs. The research shows that habitat suitability
modelling can provide robust predictions on potential species occurrence and can be
used to guide surveys for IPA identification. The use of the IUCN Red List is also an
important tool for guiding IPA identification and conservation. This provides an
internationally recognised assessment of the conservation status of a species that can
be used to fulfil IPA criterion A. Additionally, knowledge regarding the response of
the species to disturbance is valuable for guiding conservation action in an IPA. The
impact of threats such as development can potentially be mitigated when the response
of a species to the disturbance is known. Support from the local community is needed
for IPA success. Simple questionnaires can provide an initial indication of this and
discussions with key informants can aid the identification of important sites for
species.
5.2. Habitat suitability modelling
The outputs from the habitat suitability modelling indicate that each of the three study
species are restricted to a few key locations (Figures 4.1, 4.2 and 4.3). The limited
data used as predictor variables were expected to decrease the performance of
MaxEnt. However, the high training and test AUC values for all three species
indicates transferability and a high predictive power of each final model. The models
produced do show some inaccuracies as areas of suitable habitat have been predicted
in the sea surrounding the coastline, however, this is likely to be due to the accuracy
of digitisation of the coastline in preparation of the predictor layers. Habitat suitability
models have a tendency to overestimate species distributions. This is because many
important factors such as dispersal, predation and competition limit species
distribution at the micro-scale and are not incorporated in to the model (Gaston 2009,
Phillips et al 2006). The three species studied are therefore likely to be more restricted
in their range than figures 4.1, 4.2 and 4.3 suggest. This raises concerns about the
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conservation status of the species and highlights the importance of identifying key
sites as IPAs.
The maps produced represent the probability of suitable habitat for each species, not
the probability of occurrence. For this reason, areas of known absence that the models
predict as having a high probability (false-positives) are retained in the final output.
A species may be absent from a site even if the environmental conditions are suitable.
This may be due to stochastic and historic events or barriers to dispersal, which limit
the species ability to colonise new areas (Pearson et al 2007). The models produced
using the minimum training threshold offer a more conservative view of the potential
distribution (Gaston 2009). The binary maps in Appendix 5 show the potential
suitable habitat when a threshold is set at the minimum training value. This approach
is more effective for identification of IPAs as it includes only areas with a high
probability of occurrence. Figures 4.4 - 4.9 show the locations of the IPAs identified
in TCI using the binary predictive models. Because of the reasons mentioned above,
areas of predicted false-positives were retained in the model outputs. These are
particularly important areas when they connect two populations and offer sites that the
species could potentially disperse into. Plantlife International term these as ‘zones of
opportunity’ and emphasise the need to include sites in identification of IPAs (Upsom
pers. comm. 2009).
The models have produced a static picture of the current environmental suitability for
each species in TCI. The dynamic nature of the islands due to events such as
hurricanes and rapid land use change means that species distribution will change both
spatially and temporally. This is one of the limitations of the MaxEnt, as it assumes
equilibrium between the species distribution and the environment. Mechanistic
models are one approach that assumes non-equilibrium in the system and have been
used to predict future trends in distribution with changing climate (Pearson et al
2002). Incorporation of climate change projections to the models developed for the
three TCI endemics would be a valuable improvement on these initial predictions.
The current predictions indicate that distance to the coast heavily influences the
distribution of the three study species. The coastline is likely to change considerably
over the next 50 years with the projected sea level rises and the increasing intensity of
hurricanes (Parry et al 2007).
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Habitat suitability modeling can be used to project the potential distribution of
invasive species (Peterson et al 2003). The threat posed by five invasive plants in TCI
was explored by combining predictions of the invasive (Hardman, unpublished data
2009) and endemic species. Substantial overlap between the suitable habitats for the
invasive and endemic species can be seen (Appendix 6). These maps are a valuable
addition to the identification of IPAs as they can be used to guide conservation efforts
to mitigate the impact of invasive species. If resources are to be spent in the control of
invasive plant species in TCI, the maps in Appendix 6 enable the high risk IPAs to be
targeted.
Occurrence data are frequently biased because of the method of sampling used
(Sunderland 2006, Elith et al 2006). The data used for developing the models in this
research aimed to reduce bias by sampling in all habitats and across as many islands
as possible. However, as a random sampling strategy was not used, it is possible some
bias has occurred in the collection of data. This may affect the model by increasing
the influence of certain predictor variables. Methods that collect occurrence records
from the full range of habitats inhabited by a species will enable the model to predict
the distribution more accurately. The data will be more representative of the species
ecological niche (Gaston 2009, Philips et al 2006). This research was conducted over
nine islands, enabling a wide range of locations to be sampled and provided a
comprehensive assessment of the species occurrence localities. However, the lack of
predicted suitable habitat on the uninhabited island of East Caicos may represent a
sampling bias. Further sampling on this island may yield occurrences records that can
be incorporated into this initial prediction.
To use habitat suitability models for identification of IPAs the model must produce
robust predictions. Field surveys can result in confirmation or rejection of the
predicted IPA areas. Model calibration and discrimination capacity can be assessed to
measure the level of certainty of a prediction (Pearce and Ferrier 2000). The
discrimination capacity, that is the ability of the model to correctly distinguish
occupied and unoccupied sites, is particularly important when working with rare and
endangered species. If false-negatives are included in the model, the occurrence of a
species will be underestimated and potentially inhabited areas will remain
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unidentified (Pearce and Ferrier 2000). The discrimination ability is reliant upon the
predictor layers used for development of the models and so emphasizes the care
needed in choice of the variables used (Pearce and Ferrier 2000, Phillips et al 2006).
5.2.1. The value of habitat suitability modeling for identification of IPAs
Habitat suitability modeling using MaxEnt can produce robust predictions that
provide a constructive guideline for the identification of IPAs. The use of this tool
may be particularly valuable when working on a species with a large range size.
Elucidation of areas that could be targeted for surveys would increase efficiency in
both time and financial resources.
The combination of model outputs from the endemic and invasive species provides an
insight into the potential future threats. With the increasing availability of remote
sensing data, other threats such as land use change could also be incorporated into the
model output. This is a useful approach for IPA conservation as it allows areas of high
risk to be prioritized.
The MaxEnt output provides a visual and attractive presentation of results. The binary
maps produced using thresholds are particularly useful as they are easily interpreted
and can be used to engage stakeholders and policy makers.
5.3. The effect of disturbance on species distribution
The analysis investigating the effect of disturbance upon the presence of the study
species indicates that E. caicensis responds negatively to disturbance whereas L.
bahamense responds positively. This information is valuable for assessing whether a
population can tolerate disturbance. In TCI, IPAs have been identified in areas that
are, or are likely to, experience development. Thus, understanding the response of
different species to disturbance will guide any conservation action required.
Modeling the response of species to disturbance may not contribute additional
information to the MaxEnt output. The use of statistical analysis to assess the
response of species to disturbance enables assessment of data that are not available
spatially. However, if spatial data can be used as indices for disturbance, habitat
suitability modeling will provide estimates of the species response. For example,
MaxEnt produces response curves for each variable tested. This allows the impact of
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this variable upon the species to be assessed. In addition, the collection of robust data
suitable for statistical analysis requires intense sampling of species presence and
absence. This is costly in both time and financial resources. If possible disturbance
should therefore be included as a predictor variable in habitat suitability modeling.
5.3.1. Response of Argythamnia argentea to disturbance
No significance was found between the A. argentea presence and the variables
analysed. It is likely that the small sample size was a limiting factor in model
development as this species was only detected on 5 out of 81 transects. Factors that
were not measured are likely to influence the variation in presence and absence of A.
argentea. This result highlights the importance of sample size for ecological studies.
5.3.2. Response of Encyclia caicensis to disturbance
Presence of E. caicensis has shown to be limited by increasing distance to the coast
and is negatively associated with disturbed areas. The combination of those results
suggests that development will be damaging to restricted E. caicensis populations
especially as the development in TCI is predominantly focused around coastal areas.
A negative relationship between presence and distance to roads is a primary concern.
Land clearance for new roads is occurring at a rapid rate on TCI and is causing severe
habitat fragmentation (Manco pers. comm. 2009). In particular, the area of Wild Cow
Run is of concern as it is a key site for E. caicensis. The effect of habitat
fragmentation upon the E. caicensis population is unknown. The impact of habitat
fragmentation can be exacerbated by the size and spatial arrangement of the remnant
fragments (Ewers and Didham 2005). This indicates that careful consideration of the
location of development may allow mitigation of the impact of habitat fragmentation.
It may be possible therefore, that development and IPAs can co-occur and are not
mutually exclusive.
5.3.3. Response of Limonium bahamense to disturbance
Investigation into the effect of disturbance on L. bahamense presence shows this
species is more likely to be found in disturbed habitats. The synergistic relationship
between intact habitat and distance to the coast indicates that this interaction increases
the chances of L. bahamense being absent if both factors coincide in a particular
location. With decreasing disturbance and increasing distance from the coast, the
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presence of L. bahamense is therefore likely to decline. Interpretation of these results
requires a historic context. Areas where L. bahamense is currently found are generally
derelict saltpans recorded as disturbed habitats in the field). Salt extraction was a
primary industry for the three areas where L. bahamense was seen to be most
abundant (Salt Cay, Grand Turk and South Caicos). The industry collapsed in the
1960’s and the old saltpans were abandoned (Clare 2008). This provided an ideal
habitat for L. bahamense to colonise, indicating that an IPA does not necessarily need
to be a pristine habitat. Conservation of the salina heritage sites across TCI is central
to the long-term persistence of L. bahamense.
Coastal salinas are the principal habitat for L. bahamense. Salina habitats close to the
coast are frequently proposed for developments, particularly for marinas. For
example, an area of salina on Big Ambergris Cay was recently modified to improve
access for small boats. This resulted in the destruction of a key site of L. bahamense
habitat. Although the analysis shows that L. bahamense can tolerate disturbance,
modification of coastal salinas is highly detrimental to the species.
5.3.4. Monitoring the effects of disturbance
Ideally, monitoring of the population numbers within the identified IPAs, especially
where development will occur, would be initiated to provide quantitative temporal
data on the effect of disturbance on the three study species (Gill 2007). Monitoring
the impact of disturbance on the demographic status of the populations within IPAs
would also provide valuable information. This would enable detrimental changes to
be detected and conservation action to be taken. The design of a monitoring
programme requires careful thought in order to ensure statistic power for detecting
changes in population numbers (Legg and Naggy 2006). A robust monitoring
programme would enable adaptive management and evaluation of the success of IPA
identification.
Variation in density-dependence within a population will affect the response of a
species when experiencing disturbance events (Milner-Gulland and Rowcliffe 2007).
Populations where density-dependence is strong can cause more critical population
declines than in populations where density-dependence is weak (Gill and Sutherland
1999). An understanding of the population dynamics and density-dependence in a
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population is therefore needed to mitigate the impacts of disturbance and make robust
management decisions for conservation (Gill and Sutherland 1999).
5.3.5 The value of understanding disturbance for conservation of IPAs
The results from this study indicate that knowledge of plant response to disturbance
can be valuable information with regards to the conservation of an IPA. Areas
important for the conservation of a species may not always be pristine habitats. The
response of L. bahamense to disturbance shows that areas of modified habitat may
also be a priority for IPA conservation.
Understanding the response of a species to disturbance can help mitigate the effects of
disturbance. With additional information of the population dynamics and
demographics it may be possible to guide development in a way that minimises
fragmentation of the habitat. This would enable development to occur in a sensitive
manner that also allows the long-term persistence of the endemic species in the IPA.
5.4. Conservation Assessments
The preliminary assessments conducted resulted in all three species to be classified as
Endangered. This is based upon the EOO and the AOO, taken from occurrence
records of each species. When using occurrence records for red listing, the degree of
sampling in an area will affect the final outcome. The marginal limits of a species
range are needed to confidently estimate the EOO. Providing sampling effort is
adequate, using occurrence data can be the most accurate method for calculating EOO
and AOO (Gaston and Fuller 2009).
Areas of unsuitable habitat are included in the calculation of EOO and so tend to
overestimate a species current range. However, the inclusion of unsuitable habitat
accurately depicts the reduced vulnerability of a species due to the larger range size
(Standards and Petitions Working Groups 2006). For example, L. bahamense is
found on five islands and the calculation of EOO includes the areas of sea between
the islands. The five populations are less vulnerable to a single threatening event
(such as a hurricane) than if they were a single population (Standards and Petitions
Working Groups 2006). The AOO is the area currently occupied by a species and so
provides a measure of the population sizes (Standards and Petitions Working Groups
2006). EOO and AOO represent fundamentally different aspects of geographic range
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size (Gaston and Fuller 2009). AOO is possibly more appropriate for application to
IPAs as it specifically identifies areas where a species is found.
The use of the IUCN Category B is the most applicable of the five Red Listing
categories for identification of an IPA. The geographic range data collected for
making a conservation assessment will provide insight into the locations and sizes of
potential IPAs. The detailed Plantlife selection criteria for IPAs (see Appendix 8)
states that any species Red Listed as threatened qualifies a site to be an IPA.
However, sites must also meet the criteria of containing at least 5% of the population
or represent the five ‘best’ sites for a species (Anderson 2002).
5.4.1. The value of conservation assessments for identification of IPAs
The IUCN Red List is an excellent tool for supporting the identification of IPAs. The
standardised methodology for classification is repeatable and globally accessible.
New developments such as the RBGK GIS web-interface (www.kew.org/gis), allows
assessments to be conducted online and submitted to the IUCN. These developments
have facilitated the ease of which conservation assessments can be conducted and will
help to increase assessment efficiency.
Assessing the conservation status of a species can be conducted in conjunction with
creating habitat suitability models. The collection of occurrence records for predictive
models should ideally cover the widest range of environmental conditions inhabited
by the species. This will result in surveys from a wide geographic range and thus will
provide an estimate of the species EOO and possibly AOO. The combination of Red
Listing and habitat suitability modelling also provides the opportunity to assess areas
where multiple threatened species co-occur. This information can be used to prioritise
areas with a high number of threatened species.
5.5. Social Survey
The social survey provided an important initial assessment of local support for the
IPA project. Community support is essential for the success of such initiatives. The
results show that 62% of participants recognise E. caicensis, 24% recognise L.
bahamense and no one recognised A. argentea. Identification of E. caicensis may be
confounded by misidentification with the other five species of Encyclia present in
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TCI. The quality of photographs shown to the participants may have also affected
identification of the species.
The questionnaire and semi-structured interviews show that people in TCI harvest
Encyclia species for use as a cooling drink. Key informants have noted a decline in
the number of people harvesting Encyclia species in the last 50 years. It is believed
that there are now more of the orchids because of this decrease in harvesting pressure
(Higgs pers. comm. 2009).

Of the 64% of people recognizing E. caicensis in the

questionnaire, 45% harvest the pseudo-bulbs. This indicates the people value this
species for remedial purposes and would possibly engage more with protection of this
species. Ideally, an assessment of the current sustainability of resource off take would
be conducted. Potential alternatives could be investigated by the TCNT if the orchid
was found to be currently over-harvested. As the orchid appears to be readily
identified (at least to a genus level) and is culturally important, it could be promoted
as a flagship for the conservation of the IPAs where it occurs (Bowen-Jones and
Entwistle 2002).
Interviews conducted with key informants resulted in elucidation of IPAs from a local
perspective. The bush doctor of TCI particularly expressed the importance of Wild
Cow Run for Encyclia species. Big Pond, Middle Caicos was also noted as one of the
main sites for L. bahamense. Wild Cow Run was preliminary identified as an IPA for
both E. caicensis and Borreria britonii (a TCI endemic) and the statement of the bush
doctor provided triangulation and confirmation to this assumption.
An in depth social survey would provide a more comprehensive analysis of the
potential support for IPAs than this initial questionnaire can provide. If the IPAs had
been previously identified, the questionnaire could explicitly ask the participants how
they perceive these locations and the level of support for the IPA program.
5.5.1. The value of social surveys for IPAs
Questionnaires that measure the level of awareness of a species within a community
help to gauge the need for an awareness campaign. Promotion of the focus species
may increase support for the identification of an IPA especially if the species has
cultural value. Promotion of a species may also lead to the identification of new
populations, known by the local people but unknown to the IPA team.
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Research from marine protected areas indicates that integrating community values
into the scientific data can provide an effective approach for protected area
identification and management (Ban et al 2009). Inclusion of community values when
identifying an IPA is likely to increase the long-term conservation success and
protection of the area.
There are many examples of IPAs that are driven from a ‘bottom-up’ perspective
(Radford and Ode 2009). These successful initiatives illustrate how community based
conservation can result in a global network of identified IPAs. The existing
experience shows that discussions with key informants and stakeholders are essential
for the identification and long-term success of an IPA (Radford and Ode 2009).
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5.6. Recommendations for Conservation of Important Plant Areas in TCI
5.6.1. Formal Identification of IPAs
The results from this research indicate that six areas in TCI require formal
identification as IPAs. Figure 4.4 shows a binary prediction for all three study species
on Big Ambergris Cay. From the data collected in the field and the model predictions,
it is clear that this island is a critical location for A. argentea. In addition, the known
presence of L. bahamense and potential presence of E. caicensis indicate the entire
island requires immediate identification as an IPA. The abundance of L. bahamense
(Figure 5.1. Hamilton unpublished data 2009) in one area of Big Ambergris Cay
indicates that this island may be a stronghold for this species. It therefore is
disconcerting to see the current rate of development on this island. The owners of Big
Ambergris Cay are the members of the Turks and Caicos Sporting Club, which is an
exclusive millionaires club. The club does have an environmental policy and a ‘Club
Naturalist’ in place and engages with conservation experts from TCNT and RBGK.
Although this may be primarily for corporate image, it does provide an opportunity to
initiate an IPA programme on the island. A recommendation therefore, is to pursue
the initial discussions regarding IPA identification, which took place in June 2009
between the Sporting Club, TCNT and RBGK. The results from this research provide
substantial evidence to support the formal identification of the island as an IPA.

Figure 5.1. Dense
meadow of Limonium
bahamense on Big
Ambergris Cay

©Steve Macfarlane
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From the data collected in the field it was evident that Salt Cay required status as an
IPA due to the abundance of L. bahamense. The results indicate that the island is also
potentially an important site for A. argentea. The Salt Cay Development Company (a
Russian company) has proposed to create a centre for tourism and marina on Salt Cay
and would result in the destruction of one of the main populations of L. bahamense.
The economic downturn and recent change in TCI Government has halted these plans
(World Press 2009). Formal identification of this site as an IPA would provide
international recognition of this habitat for L. bahamense and would possibly restrict
the destruction of this UNESCO proposed world heritage site (Manco pers. com.
2009).

Figure 5.2. The walls of abandoned
saltpans on Salt Cay provide an excellent
habitat for Limonium bahamense.

©RBGK

The Wild Cow Run peninsula on Middle Caicos is a unique site with a spectacular
abundance of E. caicensis. The peninsula currently boasts over 2km of palm
(Coccothrinax argentea) dominated habitat, densely populated by the orchid (Figure
5.3). Figure 4.9 illustrates the peninsula is also suitable for A. argentea. The clearance
of vegetation for new roads was initiated in early 2009 (Manco pers. coms 2009) and
is causing habitat fragmentation. International recognition of this exceptional site is
required to ensure the survival of a key population of E. caicensis.
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Figure 5.3. Wild Cow Run Peninsula, Middle Caicos. Encyclia caicensis is found in
abundance and can be detected by the 2 metre white flower stalks as seen in this
photograph.

The sites described (Big Ambergris Cay, Salt Cay and Wild Cow Run) are three of the
six IPAs proposed. These sites in particular have been highlighted because of the high
density of relevant species at each location. The three sites that have not been
described in detail are equally important for the long-term persistence of the
endemics. The sites at Grand Turk (Figure 4.6) and North Caicos (Figure 4.8) are just
as threatened by development as the sites previously discussed and require immediate
conservation action. Big Pond (Figure 4.4) is an important area for L. bahamense and
is the only site that is currently protected. The designation of the North, Middle and
East Caicos wetland as a Ramsar site in 2002 includes the population of L. bahamense
at Big Pond. The identification of Big Pond as an IPA would provide additional
international recognition of the importance of this site.
5.6.2 Community Engagement
It is clear from the social research conducted during this study that few people are
familiar with the endemic species of TCI. Although the link between attitudes and
behaviour is unquantified (Ajzen 1991), it is unlikely that people will be engaged in
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the conservation of a species that they do not recognise. A recommendation would be
to promote the endemic species, especially L. bahamense, the national flower, in order
to raise awareness of the unique flora of TCI. To aid this awareness campaign a poster
for use in schools was developed (see appendix 9). Promotion of E. caicensis must be
conducted with care because of the potential for over harvesting to become a threat to
the species. More information regarding the level of harvest of E. caicensis would
provide a greater understanding of the current use and sustainability of this resource
(Milner-Gulland and Rowcliffe 2007).
The awareness raising activities and promotion of the IPA initiative would be needed
in order to secure public support for conservation action. This could take many forms
such as community workshops, public meetings and school education sessions. It is
important to give feedback to communities involved so people are included in any
developments and identification of IPA locations. To succeed in this type of initiative,
activities must be conducted in a culturally sensitive and appropriate manner (MilnerGulland and Rowcliffe 2007). The TCNT currently engage with many school and
community groups and could facilitate discussions within these regarding the
identification of IPAs. This would provide a forum for local people to engage with the
identification and conservation of IPAs.
5.7. Further Research
This research project represents the first assessment of MaxEnt when applied to IPAs.
Additional case studies would provide further insight into the use of MaxEnt for IPA
identification. The accuracy of the predictions made in this study require verification
and further field surveys would help refine the models produced. Occurrences of the
three study species in TCI were predicted in areas currently un-sampled.
It would be interesting to explore the potential use of MaxEnt for IPA predictions
using herbaria data. The ability to identify IPAs using herbaria data may provide
guidance for National IPA teams and assist in the progress made towards meeting
Target 5 of the GSPC.
There are many islands in TCI that require further field surveys to assess the presence
of the endemic species, in particular, East Caicos. Although this island was visited,
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there is a vast amount of intact habitat that has not yet been explored. This should be
a priority for botanical expeditions in TCI.
5.8. Conclusion
Quantitative evidence is needed to support the identification of an IPA (Anderson
2002). The methods discussed can all contribute to the collection of data that may
assist in IPA identification and conservation.


MaxEnt is a useful tool that produces a visual output and can be used to
engage stakeholders. This approach can guide conservation planning and
focus survey efforts in the field. Field surveys can be used to verify the
distribution of threatened species based on the model predictions.



Understanding the response of focus species to disturbance is essential to
support IPA conservation in areas of habitat fragmentation and to mitigate its
effect. The output from MaxEnt can provide an indication of the response to
disturbance. Specific statistical analysis for assessing species response to
disturbance may therefore not provide any additional information.



The role of the IUCN Red List is a repeatable and standardised method that is
useful for supporting IPA identification. The development of new tools for
conducting conservation assessments is increasing the ability of this approach
to be utilised as a widely accessible method for IPA identification.



The engagement of stakeholders and the local community is essential for
success of an IPA. Social surveys and interviews can provide an indication of
the level of awareness within a community and also help in the identification
of IPAs.

In the context of TCI, the vital step now is to actually implement the
recommendations and identifications of IPAs.

This is often the hardest step in

practical conservation science. The Turks and Caicos National Trust and the
Department for Environment and Coastal Resources are ideally placed to spearhead
the IPA initiative in the Turks and Caicos Islands and lead the way for conservation of
plant diversity in the whole Caribbean region.
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7. APPENDICES
Appendix 1: Study species descriptions
Argythamnia argentea (Euphorbiaceae) is a small monoecious shrub that can reach 60
cm in height but is most frequently found growing close to the ground. Three other
species of the genus Argythamnia occur in the Turks and Caicos and are superficially
similar in appearance to A. argentea. All have staminate flowers with four sepals and
four petals between 1 and 2 mm wide. The pistallate flowers have five sepals with
simple hairs and either five petals or no petals. The silvery, entire leaves of A.
argentea are arranged alternately and their thick silvery pubescence is a
distinguishing feature of the species. Pollination is unknown. Seed dispersal is by
means of elastically dehiscent fruit capsules.
Encyclia caicensis (Orchidaceae) has erect, linear leaves up to 60 cm long and 4 cm
wide. The plant has elongated, clustered psuedobulbs that reach 15 cm in length and
5 cm in diameter. It can be found as both an epiphyte and a terrestrial plant. The
terminal inflorescence grows up to 215 cm with closely spaced branches and
internodes. The three lobed, white-yellow labellum has distinct red-purple stripes. The
seed capsules are pendent and reach 3 cm in length.

The plant retains the old

flowering stems making identification of the species, based on internode spacing
positioning of inflorescence branches, easier.

It is unknown what pollinates this

species. The seeds are dispersed by wind.
Limonium bahamense (Plumbaginaceae) is a small, herbaceous perennial up to 30 cm
tall. As a juvenile the plant has rosette of spatulate leaves growing close to the
ground.

These are lost when the plant reaches maturity and the plant forms a

branched, leafless form with a green-grey photosynthetic succulent stem. The flowers
form dense clusters, aggregated on one side of the spike. The corolla is purple,
surrounded by a white calyx. A small blue butterfly (possibly Brephidium sp.) has
been seen around the flowers and may be a pollinator (Manco pers. com. 2009). It is
likely insects pollinate this species and the seeds are wind dispersed, however this has
not been studied. This species is easily identified and cannot be confused with other
species found in the Turks and Caicos.
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Appendix 2. Environmental variables recorded in the field
Variable

Explanation

Habitat Type

One of nine habitat types

Locality

The dominant locality feature of the transect e.g. alongside a road,
along the coast, wilderness

Soil

Soil type within the assessment point. Either mineral, sand, loam, rock
or silt

Slope

The angle of slope. Determined by eye

Aspect

The direction a slope was facing. Determined using a compass

Disturbance

Three point scale: intact, partially disturbed and heavily disturbed

Threat of

The level of dominance: none, encroaching, dominating

Invasive plants
Canopy height

Height of the tallest vegetation in the assessment point. Estimated by
eye to the nearest 5%

Canopy percent

The percent of canopy cover in the assessment point. Estimated by eye
to the nearest 5%

Ground cover

The percent of ground covered by vegetation

Bare ground

The percent of exposed bare ground. Estimated by eye to the nearest

cover

5%

Leaf litter

The percent of ground covered by leaf litter. Estimated by eye to the

percent

nearest 5%
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Appendix 3. Questionnaire used for social research
Demographics
1. Which age category do you fall into? (Please tick)
12-16
16-25
26-35
36-45
46-55
56-65
2. Female

65+

Male

3. Which island do you live on? (Please tick)
South Caicos

Middle Caicos

North Caicos

Salt Cay

Providenciales

Grand Turk

4. What is your place of birth?_______________________________________
Plants
1. Do you recognize this plant?

Yes

Don’t Know

No

2. What do you call it? __________________________ Don’t Know
3. Do you use this plant? Yes

No

Don’t Know

4. What do you use it for? Don’t know
____________________________________________________________________
____________________________________________________________________
5. Which part of the plant do you use?
Leaves

Flowers

Bulbs

Other

Fruit

Roots

Whole plant

(please specify) ________

6. Do you take this plant from the wild? Yes

No

Don’t Know

Where do you take this plant from?
___________________________________________________________________________
7. Do you grow this plant at home? Yes
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Appendix 4. Additional MaxEnt results for each species
Table 4.1. Contribution of each variable for all A. argentea models

Variable Run1
Roads
26.5
East
24.7
West
22
South
11.5
NDVI
5.8
Band 6
4.6
Sett
1.6
DEM
2.8
North
0.5
Test
0.999
AUC
Training
0.999
AUC

Sophie Williams

Run 2
32.7
22.3
19.6
10.8
6.4
3.9
2.5
1.3
0.5

Run 3
23.1
27.2
30.8
5.2
8.9
0
2.2
2
0.5

Run 4
28.7
25
25.6
7.3
7.4
0.6
3.1
1.6
0.7

Mean
27.8
24.8
24.5
8.7
6.2
2.9
2.7
1.9
0.5

Without
North
27.8
27
23.2
10.1
6.3
3.3
1.4
0.9
NA

0.999

0.999

0.998

0.998

0.994

0.999

0.998

0.998

0.998

0.999

Full model 25% test data
30.5
28.5
26.2
26.9
23.5
23.7
8.5
6.6
6.4
7.1
0.9
4.5
2.6
1.4
1.2
0.9
0.2
0.3

0.999

Without DEM
59.4
19.8
12.3
2.9
0.9
3.2
0.8
NA
0.8

Without North and DEM
59.4
20
12.8
2.8
1.5
2.9
0.7
NA
NA

0.999

1

1

0.999

1

1
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Table 4.2. Contribution of each variable for all E. caicensis models
Variable
Roads
East
West
South
NDVI
Band 6
Sett
DEM
North
Test AUC
Training
AUC
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Run1
28.8
27.3
5.4
12.5
2.7
13.2
6.1
0.3
3.7
0.994

Run 2
29.7
27
3.6
16.9
3.1
12
4.4
0.2
3.1
0.990

Run 3
28.2
26.9
4.6
12.7
3.3
10.6
7.9
0.3
5.6
0.988

Run 4
30.6
27.7
4.3
15.8
2.8
9.5
5.8
0.2
3.3
0.987

Mean
29.3
27.2
4.5
14.5
3
11.3
6
0.3
3.9
0.990

0.997

0.995

0.996

0.996

0.996

Full model
28.6
23.4
3.3
19
3.8
9
4.7
0.3
7.8

0.998

25% test data
29.5
27.2
2.7
17.6
1.8
15.4
1.8
0.1
3.9
0.990

Without DEM
7.3
43.9
7.6
1
0.5
0.3
38.5
NA
1
0.999

Without west
29.3
23
NA
21.2
4.2
9.3
3.8
0.2
9
0.983

Without west and DEM
61.3
11.5
NA
3.7
17.2
3.5
0.4
NA
2.4
1.000

0.996

1.000

0.997

0.990
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Table 4.3. Contribution of each variable for all L. bahamense models
Variable
Roads
East
West
South
NDVI
Band 6
Sett
DEM
North
Test
AUC
Training
AUC
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Run1
25.4
23.2
8.2
0.8
6.1
13.6
16.5
0.6
5.6

Run 2
37.5
14.4
8.4
0.9
7
17.9
7.2
1
5.6

Run 3
28.5
19.2
9.9
0.3
6.2
21.1
9.2
0.9
4.7

Run 4
34.2
19.1
1.8
1
7.9
20.1
8.8
0.3
6.6

Mean
31.4
19
7.1
0.8
6.8
18.2
10.4
0.7
5.6

0.995

0.990

0.983

0.997

0.991

0.994

0.996

0.994

0.995

0.995

Full model
11.7
30.7
8.8
4.2
7.7
2.2
29.5
0.5
4.7

0.997

Final Model
13.5
31.8
9
5.2
7.5
0.9
27.2
0.4
4.5

Without DEM
7.3
43.9
7.6
1
0.5
0.3
38.5
NA
1

Without south
15.5
30.8
14.1
NA
6.9
0.9
25.4
0.8
5.5

Without DEM and south
6.9
45.3
8.6
NA
0.4
0.2
37.6
NA
0.9

0.993

0.999

0.996

0.999

0.997

1

0.997

1
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Legend
=Without variable
=With only variable
=With all variables

Figure 4.1. The training gain for each predictor variable for A. argentea.

Figure 4.2. The test gain for each predictor variable for A. argentea

Figure 4.3. The training gain for each predictor variable for E. caicensis
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Legend
=Without variable
=With only variable
=With all variables

Figure 4.4. The test gain for each predictor variable for E. caicensis

Figure 4.5. The training gain for each predictor variable for L. bahamense

Figure 4.6. The test gain for each predictor variable for L. bahamense
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Appendix 5.
Figure 5.1.

Sophie Williams

79

Figure 5.2
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Figure 5.3.
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Appendix 6. Endemic and
Invasive Species Distribution
Maps
Figure 6.1.
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Figure 6.2.
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Figure 6.3.

7.1 GLM model simplification
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Figure 6.4.
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Figure 6.5.
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Figure 6.6.

Sophie Williams

87

Figure 6.7.
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Figure 6.8.
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Figure 6.9.

Appendix 7. GLM Model simplification for assessing the effect of disturbance on species presence
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Appendix 7. Model simplification for assessing the effect of disturbance on species distribution
= Minimum adequate model
E.caicensis
Disturbance
Model
1
*
2
*
3
*
4
*
5
*
6
*
L. bahamense
Disturbance
Model
1
*
2
*
3
*
4
*
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Roads
*
*
*
*
*
*

Roads
*
*
*

Coast
*
*
*
*
*
*

Roads:Coast
*

Coast
*
*
*
*

Roads:Coast
*

*
*

Disturbance:Roads
*
*

Disturbance:Coast
*
*
*

Deviance
117.94
121.10
124.42
126.08
123.57
132.99

Df
70
71
72
74
73
75

Disturbance:Coast
*
*
*
*

Deviance
79.123
79.126
79.363
82.089

Df
74
75
76
77

*
*

Disturbance:Roads
*
*
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7.2. Minimum adequate model for E. caicensis
glm(formula = presence ~ disturbance + coast + roads + disturbance:roads, family =
quasibinomial)

Deviance Residuals:
Min
-1.7085

1Q
-0.8572

Median
-0.6732

3Q
-0.211

Coefficients:
Intercept
Disturbanceintact
disturbancepartially.disturbed
coast
roads
disturbanceintact:roads
disturbancepartially.disturbed:roads

Max
5.3051

Estimate
-2.1688168
1.7534303
-0.9629159
0.0011062
-0.0249075
0.0245182
0.0232184

Std. Error
0.6553093
0.8747868
0.7307395
0.0003128
0.0123774
0.012363
0.0124011

z value
-3.31
2.004
-1.318
3.537
-2.012
1.983
1.872

Pr(>|z|
0.000934
0.045026
0.187595
0.000405
0.044185
0.047347
0.061168

Null deviance: 148.29 on 79 degrees of freedom
Residual deviance: 123.57 on 73 degrees of freedom
7.2. Minimum adequate model for L. bahamense
glm(formula = presence ~ disturbance + coast + roads + disturbance:coast,
family = quasibinomial)
Deviance Residuals:
Min
1Q
-1.2881 -0.7657

Median
-0.4364

3Q
-0.1572

Max
5.2335

Coefficients:

Estimate

Std. Error

Intercept

-2.1566014

disturbanceintact

z
value

Pr(>|z|

Sig.

0.3733112 -5.777

7.60E-09

***

-3.4162839

1.0365732 -3.296

0.000982 ***

coast

-0.007377

0.0027271 -2.705

0.00683

roads

0.0002309

0.0001309 1.764

0.077722 .

disturbanceintact:coast 0.0079914

0.0027807 2.874

0.004055 **

**

Null deviance: 106.451 on 80 degrees of freedom
Residual deviance: 79.363 on 76 degrees of freedom
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Sig.
***
*
***
*
*
.

Appendix 8. Detailed criteria for identification of an Important Plant
Area
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Appendix 9. Poster developed for promotion of the three study species for use by
the Turks and Caicos National Trust in schools.
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