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Abstract
Praslin Island, a small satellite island of the coast off St Lucia in the West Indies, is an important
reserve for three of the country’s native lizards, and in particular the endemic and endangered St
Lucian whiptail (Cnemidophorus vanzoi). During May and June 2008, abundance, distribution and
habitat preference studies were carried out on all three species. Distance sampling analysis
estimated the whiptail population, which showed a significant preference for shrub habitats, at 193
(129-290), 15% lower then the previous estimate in 2005. The endemic Anolis luciae and native
Gymnophthalmus pleii, which both preferred woodland habitats, had considerably low abundance
estimates of 89 (49-163) and 77 (42-141) respectively. The small population sizes of all three
species highlights the need for continued monitoring and active management of both the lizards and
Praslin Island, which alone is perhaps too small to sustain long-term populations. Drawing on this
and other studies, the importance of baseline ecological data for conservation is highlighted, while
the use of satellite islands is also examined. Through research, monitoring and careful conservation
work, the unique and endangered St Lucian whiptail lizard can still be seen thriving today. Praslin
Island is key to the success of this project, highlighting the importance of small islands as
conservation tools. Islands are unique and delicate habitats, providing manageable areas in which to
protect and monitor both particular species and entire ecosystems.
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1.Introduction

Our understanding of the ecology of species worldwide is becoming an increasingly
important issue, especially as the number of organisms on the brink of extinction continues
to rise. With escalating concern over the status of many species, research that can aid the
conservation of both particular populations, and of the environment as a whole, is of great
importance.

Sutherland (2000), states that ‘good research helps reveal the truth’, without a good solid
idea of what we are dealing with, the problem of conserving a species, let alone tackling
biodiversity loss wordwide, is too large to even contemplate. Research is thus the bases of
conservation, and baseline information such as the distribution and abundance of
populations forms a starting platform for conservation goals.

1.1. Small Satellite Islands and Conservation

The role of satellite islands is becoming increasingly important for the conservation of
biodiversity around the world today. These isolated ecosystems support a significantly high
ration of the world’s diverse and unique species, which have become specialised to an
extensive variety of different niches. Islands also provide safe havens from the increasing
pressure ecosystems are put under by human encroachment, relatively isolated from the
habitat destruction and change that is apparent across much of the world’s continental
ecosystems. As a result, the fragments of once widely distributed species often become to
rely on these satellite island ecosystems to survive.

As strongholds for a significant proportion of the world’s rare and endangered species,
islands are key habitats for conservation concern. Unfortunately however, the very
attributes that make islands biodiversity havens also make them particularly vulnerable to
destruction (NC, 2008). The finite size and ecological limits of small islands renders them
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especially susceptible to major environmental threats, including climate change, habitat loss
and the impacts of invasive species (NC, 2008).

The impact of invasive or alien species on island ecosystems is notably different from
continental situations in two main ways. Firstly, islands tend to suffer dramatic and rapid
loss of biodiversity as a result of invasions (ISSP, 2001). Satellite islands, and in particular
oceanic ones, tend to have a low frequency of mammalian predators and as such the native
and endemic animals are often particularly naïve to such predators. For example, the
adaptable black rat (Rattus rattus) is responsible for the loss and decline of many native
species around the world (e.g Blackburn et al, 2004; Martin et al 2001; Pimentel et al,
2005). A study by Martin et al (2001) found that black rats have caused the local extinction
and decline of many breeding sea bird species on island colonies in the Mediterranean. The
study also stressed the influence of island size, finding significantly higher decline of
nesting sea birds as a result of invasive rats on small islands. It should also be noted
however, that mammalian predators are not the only invasive species to have significant
negative impacts on islands across the world, with notable species declines as a result of
invasive toads (e.g. Bufo marinus, Phillips et al, 2003), snakes (e.g. Boiga irregularis,
Pimentel et al, 2005), fish (e.g. Lates niloticus, Verschuren, 2002), plants (e.g. Rejmánek,
2001) and many more.

Secondly, in comparison to continental ecosystems, island habitats are more easily
managed for invasives, with eradication programs and careful border controls regularly able
to stop the establishment of alien species (ISSC, 2001). In recognition of these differences
in invasive impacts between continental and island ecosystems, the Species Survival
Commission set up the Cooperative Initiative on Island Invasive Alien Species. This
commission aims to ‘facilitate cooperation in key areas of invasive alien species
management where it will generate a significant improvement in the conservation of island
biological diversity’ (ISSC, 2001), a key step forward in the battle to conserve these
vulnerable, valuable and unique biodiversity havens.
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1.2 The Reptile Crisis

Reptiles worldwide are in decline. The cause of this loss, as with other taxa, is complex and
stems from a variety of factors, both natural and human induced (Gibbons et al, 2000).
However, of the five vertebrate mega-taxa (Mammals, Birds, Reptiles, Amphibians and
Fish), reptiles, with the possible exception of fish, are the least studied, and little is known
about the conservation status of most species within the group. For example, almost all
known mammals, birds and amphibians are listed on the IUCN red list, whereas only c.
16% of described reptile species appear in the database (IUCN, 2001; Uetz, 2008). It is
therefore strikingly apparent that more research is required in order to establish the status of
reptiles across the world. Without this information, conservation strategies and
management plans will fall short and fail to counteract the loss of this diverse and
taxanomic group.

One of the most prominent threats to reptiles at present comes from land-use change. For
example, Driscoll (2004) found that in the highly agricultural landscape of New South
Wales, Australia, reptiles had disappeared from up to 90% of the landscape, not only as a
result of land clearance, but also from the strong negative impacts of grazing livestock. On
top of this, reptiles are also being harmfully impacted by a variety of other factors, such as
invasive species (e.g Cane toads. Shine, 2008), over-harvesting, including by-catch (e.g.
Sea turtles. Lutcavage et al, 1997) and climate change. Araújo et al (2006) did a study on
the potential impacts of global warming on European reptiles and found that, although
initial range expansion was possible, if habitat was not available populations across the
continent would fall.

Efforts to conserve and restore reptile communities are taking place across the world, but
help is often needed in less developed countries. For example, many countries in the West
Indies, where tourism is on the rise and hotels are springing up, often don’t have the funds
to put much effort into conservation programs. The West Indies is an important area for
reptile conservation, as the islands are home to a rich and diverse reptile community,
supporting over 500 species, 94% of which are endemic (McGinley, 2008). For example,
the reptile community in the Caribbean includes several large evolutionary radiations of
lizards, such as the anoles (Anolis) which have been classified into 154 species, 97%
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endemic, and the dwarf geckos (Leiocephalus) with 86 species, 82 of which are endemic
(McGinley, 2008). This level of endemism among the Caribbean reptiles renders them even
more vulnerable to extinction, especially coupled with the fact that many species are
restricted to relatively small and isolated island habitats.

There is thus a need to carry out research in such regions, where unique and endemic
biodiversity is at great risk, and yet little is known of its ecology or conservation status. St
Lucia is such a country, rich in a diverse array of species that exploit the tropical and
mountainous island. Work by the Durrell Wildlife Conservation Trust (DWCT) and the St
Lucian Forestry Department has been ongoing in recent years to start conserving the
country’s biodiversity. For example, the two organisations have been involved in a long
running project to save the endemic and highly vulnerable St Lucian whiptail lizard
(Cnemidophorus vanzoi), which had a global distribution of 12.2ha before the project
began.

1.3 Study Aims

This study aims to look at how satellite islands and baseline ecological data can be used as
a tool for conservation and the restoration of small reptile communities. In order to explore
this issue, the study took place on a small islet of St Lucia’s east coast, named Praslin
Island. Praslin is a tiny 1.1ha satellite island, home to three species of reptile, the St Lucian
anolis (Anolis luciae), a ground lizard (Gymnophthalmus pleei) and a translocated
population of St Lucia whiptail lizards (Cnemidophorus vanzoi). Thus, this study
particularly aims to address three main objectives:

1. To estimate the abundance and distribution of three reptiles species (Anolis luciae,
Cnemidophorus vanzoi, Gymnophthalmus pleei) on Praslin Island.
2. To investigate habitat utilisation of the three reptile species.
3. To compare abundance of the three species on Praslin Island with other St Lucian
satellite islands and a mainland site.
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2. Background

2.1. Island Reserves
Nature reserves have long been one of the primary methods for conserving biodiversity.
Although the early reserves, such as Yellowstone National Park, USA (established 1872)
and Kruger National Park, South Africa (established 1926), may not have been set up to
preserve biodiversity as such (Sinclair et al, 2006), they started a massive network of parks
across the world, that have been set aside or managed for the conservation of habitats and
species. The pros and cons of the National Park as a conservation tool have been argued
extensively, and although that issue will not be addressed here, it is recognised that national
parks are not going to save biodiversity alone. However, where parks are managed
effectively, and funds are available for their support, they can be vital tools for
conservation.

Nature Reserves that are based on an entire island are slightly different. These areas have
distinct boundaries (being islands) and are often fairly inaccessible, generally rendering
them less vulnerable to human encroachment and thus habitat degradation. Also, due to the
very nature of islands, many of the current day island reserves are home to rare and
endemic species, either having evolved to that specific island, or on a final outpost of a
previously bigger range. It is therefore no surprise that island reserves are being set up
around the world, both for the protection of specific species, and for more general
conservation efforts.

Examples of the use of islands for general conservation can be found here in the UK. For
example the Isle of Rum, a relatively small (10,463 ha) island off Scotland’s west coast, has
been managed as a National Nature Reserve since 1957. The Island’s principle objective
has been to restore natural conditions, which has included the reintroduction of sea eagles,
planting and maintenance of native forest and the close management of red deer (Virtanen
et al, 2002; Nellist and Crane, 2001). As one of Europe’s biggest protected areas, it is
important for conservation, as well as an important site for informative research (Virtanen
et al, 2002; Green et al, 1996). However, to preserve Rum as it is, with red deer, forests,
historical farming practices and large birds of prey, the island must be continuously and
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intensively managed. Although this in itself is still beneficial to conservation, Wood (2000)
highlights the need to remember that conservation should attempt to include natural
variability and the processes that sustain wild ecosystems. It is important for conservation
to allow natural changes to occur, and where possible leave nature to take its own course.

T. Rawlence

Figure 1: Kakopo Parrot Recovery Program. Image shows a
kakapo using a supplementary feeder (T. Rewlence). The
locations of Codfish and Anchor Island are indicated. The
enlarged map is located at the southern tip of South Island,
New Zealand (modified from: NZtourMaps.com)

Although this is invariable true, there are many cases where a population or species has
been reduced to a state where only intensive management will save it from the brink of
extinction. A good example of this is that of the conservation program for Kakapo (Strigops
habroptilus), a large flightless parrot endemic to New Zealand. Kakapo parrots were
historically common across the whole of New Zealand (Loyd and Powlesland, 1994), but
due to human settlement, land clearance and the dramatic impact of introduced mammalian
predators, the population has been reduced to only 91 known surviving individuals today,
rendering this species critically endangered (IUCN, 2001). Intensive conservation efforts
began in the 1980s after a population of kakapo, believed at the time to be near extinct, was
found and translocated to offshore island sanctuaries. Now these birds are part of an
expensive and long-term management program, which includes the running of two predator
free satellite islands (Codfish and Anchor Islands), parrot health checks, supplementary
feeding, artificial incubation and hand rearing (KPR, 2008) (Fig.1). This conservation effort
may seem extensive, but without it there would be no kakapo parrots today.

Like the kakapo, many species that have become confined to island reserves are vulnerable
to the predation of invasive species. A single invasive predator on a small island is often
capable of causing dramatic destruction, especially to a naive and already vulnerable
9

population that has no means of escape. However, if predator-free islands can be
maintained, which is easier the smaller the island, then they act as safe reserves for these
vulnerable species. For example, eradication of rats off Korapuki Island, an 18ha island
reserve in New Zealand, resulted in a significant increase of five species of native lizard,
some coastal populations increasing as much as 30 fold (Towns, 1994). The rat-free island
also acts as a haven for the rare and endangered Whitaker's skink (Cyclodina whitakeri),
which was traslocated there in the late 1980’s, and has since been on the increase (Towns,
1994).

The St Lucia whiptail lizard is another example of an endangered species with a global
distribution restricted to small island reserves (Dickinson and Fa, 2000). Like the
Whitaker’s skink, this whiptail species, which is endemic to two tiny islets (The Maria
Islands, Fig.2) of the coast of St Lucia, was translocated to another small island (Praslin
Island, Fig.19) to increase its range and reduce vulnerability. Thus the island reserves act as
vital habitats, allowing the whiptail population to expand in predator-free habitats that are
more easily managed than mainland reserves.

Figure 2: The Maria Islands, St Lucia, home of the endangered St Lucian whiptail lizard. Maria Minor is
on the left, with the larger Maria Major to the right. Image by E. Murton

It is apparent that islands are being used effectively as conservation tools, both for intensive
single species management, and for more general habitat and biodiversity conservation.
However, there is still much to learn about the conservation of species, and island reserves
as conservation tools are by no means fully understood or appreciated.

2.2. Reptile Conservation
Reptiles are a diverse and widespread taxa, with extant species found across the world, both
on land and in the sea. According to the Reptile Database, there are currently 8734 known
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reptile species, of which the majority (5079) belongs to the lizard family. However, as was
mention in the previous section, reptiles are suffering from severe and rapid declines
(Gibbons et al, 2000), made worse by the fact that relatively little is known of this large
group of species.
There is a good and easily digestible report by Gibbons et al (2000) which gives an
overview of the major present day threats to the reptile population. Drawing on work by a
number of scientists, the paper examines the vulnerability of reptiles based on the six
categories of concern established by Partners in Amphibian and Reptile Conservation
(PARC; Gibbons and Stangel 1999). These categories include habitat loss and degradation,
introduced invasive species, environmental pollution, disease and parasitism, unsustainable
use and global climate change. As with many species groups, habitat loss/degradation
appears to pose the biggest threat. For example, in the US, the alteration of more than 90%
of Coastal Plain Carolina Bay wetlands (Bennett and Nelson, 1991) has severely impacted
populations of black swamp snakes (Seminatrix pygaea), eastern green water snakes
(Nerodia floridana), and chicken turtles (Deirochelys reticularia). Unfortunately, the report
concentrates almost exclusively on reptile populations in the US and Australia, failing to
mention trends elsewhere, where problems may be more severe, and the solutions harder to
come by.

Solutions are being sort however. Conservation groups are working to change this trend of
decline through campaigns, lobbying, research and education, while public awareness of
the issues facing reptiles is growing. For example, The Herpetological Conservation Trust
(HCT), which was established in 1989, has been working on a number of projects both in
the UK and around Europe (HCT, 2008). One of their most recent projects has been to set
up The National Amphibian and Reptile Recording Scheme (NARRS), which trains
volunteers across the UK to take part in a nation-wide survey of both reptile and amphibian
populations, with the intention of establishing a long-term monitoring scheme (Baker and
Gleed-Owen, 2007). It is hoped that this scheme will greatly increase our knowledge of the
state of the UK’s reptiles in an efficient way, leading to the establishment of effective
reptile management programs.

A reptile conservation issue that is probably better known is that of the big push by many
organisations to save the sea or marine turtles. There are seven existing species of sea turtle,
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and all seven are listed in the endangered categories of the IUCN red list (IUCN, 2001), as
well as being Appendix. 1 species in CITES. These seven species have suffered dramatic
population declines in the last few hundred years (Crowder et al, 1994) initially from
overexploitation, both of the adults and of their eggs, and more recently, from the dramatic
effects of bycatch in fishing lines (Crowder et al, 1994; Garrison et al, 2003; Gilman,
2006). A number of organisations, such as Frontier and Earthwatch, run programs where
paying volunteers work on sea turtle conservation programs in countries around the world
(e.g. Costa Rica). Unfortunately these programs have their problems, being expensive and
dominated by young volunteers from developed countries there is potential for conflict with
locals and a lack of respect for the complexity of the issues. However despite this, the funds
they have at their disposal as a result of volunteer schemes, as well as the awareness they
raise, can have a significant and positive influence on the conservation of these severely
endangered species.

It is apparent that reptile conservation, like that of other plant and animal taxa, comes in
many shapes and forms. From small scale education schemes, to ambitious reintroduction
programmes and intensive management projects, species on the edge are being given a
chance. However, many species are still experiencing rapid declines, and even more go
unnoticed, highlighting the need for further effort in the battle to counteract the loss of
biodiversity across the planet.

2.3. Research and Monitoring

Research is a vital component of conservation. Its importance as a base for much of the
conservation work that goes on today was discussed briefly in the introduction, and will not
be repeated here. Suffice to note that our need for the knowledge and understanding of the
biodiversity we seek to protect is vital if we are to be successful. In a field where funding
and time are both limited, a good base knowledge of species is essential if conservation
efforts are to be efficient, and indeed to succeed.

One of the areas where baseline data is vital in conservation is that of monitoring.
Monitoring as defined by Yoccoz et al (2001), is the processes of gathering information
about a given state at different points in time, for the purpose of assessing the state of that
12

system and any changes it may have experienced. As such it can be clearly seen why
monitoring forms an important component of conservation, both to allow us to perceive the
status of an ecosystem/species, and to deduce any changes to it, including those intended by
management programs.

Monitoring can be used to answer important conservation questions, such as how a
population is changing over space and time, how it is responding to various threats; and
how changes in management programs may increase population persistence (Sutherland,
2006). It is important to not only monitor a population/species of interest, but also
environmental variables that can help in the interpretation of any changes. Without these
measures, it is often impossible to decipher why a population change has occurred
(Sutherland, 2006; Yoccoz et al, 2001).

Although it is generally agreed by most that monitoring is important, it is also often argued
that the monitoring programs running today are both ineffective and inefficient (Nichols
and Williams, 2006; Karanth et al, 2002; Yoccoz et al, 2001). A study by Karanth et al
(2002) examined the failings in a tiger monitoring program in India, known as the Pugmark
Census. This census, which has been running for 30 years, involves a two week period each
year where forestry department personnel go out into tiger territory and collect plaster casts
of tiger tracks. These casts are then compared, to identify individuals and estimate
population size. Although this method is practical, it is not necessarily scientifically
defensible, and indeed has not been modified to take into account new information on tiger
ecology or sampling methods (Karanth et al, 2002). This example is just one of many that,
although fulfilling some of the requirements of monitoring programs (e.g. relative
population trends), are not necessarily capable of highlighting important population/
ecosystem changes at early stages, and indeed are often ineffective. As Nichols and
Williams (2006) put it, Monitoring should not be a stand-alone activity, but instead a
component of a larger process of conservation-oriented science or management.
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2.4. Monitoring and Managing Small Population

Despite the issues associated with monitoring, it is a frequently used and essential
component of many conservation programmes; and particularly so when the
species/population of concern is at very low densities and abundance. A population’s risk
of extinction depends on both deterministic (natural selection, exploitation, etc) and
stochastic (environmental, demographic and genetic) processes, the latter having more
marked effects on smaller populations (Palstra and Ruzzante, 2008). For instance, small
populations tend to have lower genetic diversity, and thus are more susceptible to the
effects of genetic drift and inbreeding depression (Frankham 1996), as well as being more
vulnerable to environmental stochasticity, such as sudden droughts or harsh winters.

Monitoring small populations is not an easy task however, especially if the species of
concern is cryptic and at low densities. For example, the Alaotran gentle lemur (Hapalemur
griseus alaotrensis), a critically endangered lemur endemic to Lac Alaotan in Madagascar,
lives in a vast wetland (approximately 20,000 ha) that is very difficult to survey. Two
population census studies have been carried out on this species by DWCT, one in 1994 and
another in 1999 (Mutschler et al, 2001; Mutschler and Feistner, 1995). Both studies were
conducted from canoes, which were used to survey the edges of the habitat and along some
channels cut into the marsh by fishermen. However, there are some issues with this
approach. For example, because the results do not include any information about the central
part of the Lac Alaotan wetland, it begs the question: are the lemurs more or less abundant
in the central areas? However, as both studies were conducted in the same way, they do
indicate a relative population trend, and a worrying one. It seems the gentle lemur
population is experiencing a rapid decline, with an estimated drop of 30% in five years
(Mutschler et al, 2001). The first study suggests the lemurs were at most threat from habitat
destruction, while the second one indicates the devastating impact that poaching is having
on the population (Mutschler et al, 2001; Mutschler and Feistner, 1995). These
investigations emphasise the need for regular monitoring; for without it, the dramatic
decline of this species could have gone unnoticed, and management plans may well have
targeted at the wrong cause. As a result of these studies, conservation measures have been
established to try and tackle the main causes of gentle lemur decline. These include
education programs in Madagascar, anti-poaching laws and captive breeding programs.
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The St Lucia whiptail lizard is also the focus of conservation management programmes.
The use of island reserves for this species conservation has already been discussed, but the
species is also the focus of continued monitoring and management. In 1995, 42 lizards were
translocated from Maria Major, a 10.2ha islet, to the smaller, Praslin Island (1.17ha).
Although previously uninhabited by whiptails, Praslin Island is home to two other reptile
species, Anolis luciae and Gymnophthalmus pleii, which with the exception of some
breeding birds, form the vertebrate component of the islet. Since the translocation, the
Praslin Island whiptail population has been studied a number of times in order to examine
its response and ensure its sustainability. The whiptail population on Praslin Island has
increased significantly from its 42 founders (Dickinson et al, 2001; Dickinson and Fa,
2000; Lyndon John, 1999) and was last estimated at 335 (249–452) (Young et al, 2006).
The lizards have also been the focus of post-release habitat, body condition and genetic
studies (Dickinson et al, 2001; Dickinson and Fa, 2000; Funk and Fa, 2005), all important
components of monitoring programmes. The data gained from such studies allows us to
better understand the ecological and evolutionary traits that constrain the populations. In
addition, they enable conservationists to predict how best to effectively manage the
population in both its new, old, and possible future habitats.

It is hoped that the few examples given above have highlighted the need for basic base-line
research and monitoring, especially when the species concerned is at risk of extinction. The
information received from such studies can, and should, be used to establish, refine and
alter conservation strategies and management plans. It is for these reasons that the St Lucia
whiptail lizards have been monitored in recent years, and also why it is interesting and
important to study the two other lizard species which inhabit its island reserve.
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2. Study Design, Species and Analysis

2.1: Study Site

The island of St Lucia, primarily of volcanic origin, is a 616.4 km2 island in the Lesser
Antilles (Fig.3). The mountainous island, which peaks at 950m, experiences distinct wet
(June-December) and dry (January-May) seasons, with an average daily temperature of
280C and a humidity of 70%. St Lucia has nine small islets off its west and northern coast,
two of which (the Maria Islands) are the original homes to the endemic and vulnerable St
Lucia whiptail lizard.

Rat
Island

St Lucia

Praslin
Island

Figure 3: Map of St Lucia, Lesser Antilles.
The location of Praslin Island and the Maria
Islands is marked. (Map adapted from Young et al,
2006)

Maria
Islands

Praslin Island is a small 1.1ha islet off the eastern coast of St Lucia. It is situated 220m
from the mainland in the mouth of the sheltered and shallow Praslin Bay. The island peaks
at approximately 22m above sea level, with cliffs on its northern and western edges, and a
small sandy beach on the south coast (see Fig.3, Fig.6 and Fig.19).
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2.1.1: Vegetation on Praslin Island
Praslin Island is covered in a mosaic of mixed woodland, manchineel woodland, shrub,
mixed grassland and bunch grasses, with woodland accounting for approximately 50% of
the island’s vegetation. For this study the vegetation on Praslin Island was broadly
categorised into three areas, based on previous vegetation studies of the island (Dickinson
et al, 2001; Ogrodowczyk, 2005), and data collected during this analysis (Table.1). These
categories are as follows:

1. Mixed Woodland (MW): Mixed woodland accounts for approximately 50% of Praslin’s
habitat, with the canopy being dominated by Hippomane mancinella, Tabernaemontana
citrifolia, Cornutia pyramidata and Pisonia fragrans. There is a sparse shrub layer of
Croton bixoides and Rauvolfia verdis in this habitat and almost no herb layer except for
a few Ruellia tuberosa plants. The ground is covered in layers of leaf litter and a
number of rocks and boulders.

2. Shrub (S): Shrubs were characterised as woody perennial plants bellow 2m in height
and with a trunk diameter at base of <20cm. Shrub habitats account for approximately
12% of the vegetation and are found on the exposed south western slope and the
western tip of the island, as well as a section on the eastern end of Praslin. This habitat
is characterised by Cordia curassavica, Croton flavens, Erithalis fruticosa, Lantana
camara and Hippomane mancinella as well as some sapling trees. Hippomane
mancinella tends to be found in clusters or monocultures, especially on the south
western slope where the prevailing wind has stopped the plants growing higher then
2m.

3. Open (O): Open habitat is comprised predominantly of grassland but also includes areas
of rock and bare ground. There are two types of grassland on Praslin Island, an area of
mixed grasses (included non-grass species) and an area of bunch grass. Grassland
accounts for approximately 24% of the vegetation. The predominant species in this
habitat type are Stachytarpheta jamaicensis, Alysicarpus vaginalis, Pectis humifusa,
Schizacyrium micostachym and Enicostema verticullatum. A relatively small proportion
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(14%) of the habitat on Praslin Island is made up of rocky outcrops and bare ground,
especially around the parameter near the cliffs. This habitat type is characterised by
open and exposed areas, often influenced by salty sea spray.
Table 1: Summery of plant species found in the three main vegetation areas on Praslin Island.
This information is derived from work carried out by Dickinson et al (2001) and Ogrodowczyk
(2005).

Woodland
Capparis flexuosa
Cornutia pyramidata
Ficus
Hippomane mancinella
Pillosocereus royeni
Pisonia fragrans
Rauvolfia verdis
Rivina humilis
Tabebuja heterophylla
Tabernaemontana citrifolia
Thespesia populnea

Shrub
Capparis flexuosa
Chamaecrista glandulosa
Cordia curassavica
Croton flavens
Erithalis fruticosa
Hippomane mancinella
Lantana camara
Rivina humilis
Wedelia trilobata

Grassland (Open)
Alysicarpus vaginalis
Blutaparon vermiculare
Centrosema virginianum
Enicostema verticullatum
Pectis humifusa
Schizacyrium micostachym
Stachytarpheta jamaicensis

2.2: Study Species
Three species were studies as part of this investigation. These species, which are described
bellow, are all native lizards of St Lucia, two of which are endemic.
2.2.1: Cnemidophorus vanzoi
Cnemidophorus vanzoi, commonly known as the St Lucia whiptail lizard, is a ground
dwelling, diurnal, teiidae species (Schwartz and Henderson, 1991). Although primarily an
insectivore, the species has also been observed eating leaves, fruits and flowers, as well as
food left by people. It is a sexually dimorphic species, with adult males being significantly
larger and more colourful then the females. Males have a bluish/brown head that fades to a
bright blue/green body and tail, with turquoise flecks. Their underside is sulphur-yellow to
orange which they expose when displaying to rival males or females (Schwartz and
Henderson, 1991). The maximum snout-to-vent length (SLV) for males is 121mm, while
for females its >76mm and up to c.88mm. Females are duller in colour, with distinctly
brown heads fading into a brown to pale body with ocher stripes and creamy undersides
(Vitt and Breitenvach, 1993). The juveniles of both sexes have the same colour patterns as
the females, though some males reach sexual maturity and still retain their juvenile
coloration, presumable to allow for ‘sneaky mating’(Fig.4).
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The Cnemidophorus lizards have a geographical range that spans from North America to
central Argentina, with the genus made up of approximately 45 species (Wright and Vitt,
1993). C. vanzoi is the only member of the Cnemidophorus genus inhabiting any of the
islands in the Caribbean Sea, with its closest relatives found in South America. It has a
severely restricted distribution, inhabiting only two tiny islands (The Maria Islands) off the
coast of St Lucia in the Lesser Antilles. Studies have shown that the populations from
Maria Major (10.6ha) and Maria Minor (1.6ha) are genetically distinct, fitting the criteria
for evolutionary significant units (ESUs), and thus the populations are felt to be on the
species boundary (Funk and Fa, 2006). As a result, the St Lucia whiptail is considered to be
a conservation priority, and steps have already been taken to secure the future of this
vulnerable species.

In 1995, 42 whiptail lizards from Maria Major were introduced to Praslin Island in an
attempt to reduced the vulnerability of the species. A whiptail population analysis carried
out on Praslin in 2005 gave an estimate of 335 (249–452), indicating the lizards on Praslin
Island are at a density of 304.9 lizards ha-1, significantly higher then the populations on
Maria Major (194.6 lizards ha-1 and Maria Minor (18.1 lizards ha-1) (Young et al, 2006).

a

b
a

Figure 4: Photos of male (a) and female (b) C. vanzoi. Both
these individuals are on Praslin Island. (Images by Erin Murton
and Heidi Brown respectively)

2.2.2. Anolis luciae
Anolis luciae, or the St Lucian Anole, is an endemic, primarily insectivorous, tree lizard
belonging to the teiidae. It is a sexually dimorphic and territorial species, with adult males
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actively defending trees or branches from rivals and threats. The males have an SLV of
approximately 91mm, while the females are smaller with SLV of c.63mm (Schwartz and
Henderson, 1991). Adult males are olive/green to green/brown in colour, with vague to
bluish flank stripes and a large dewlap which they use in display. Females tend to be paler
in colour (pale greens, browns and creams), with smaller eyes and more delicate heads.
Both females and juveniles (< 91mm, similar to females in colouration) tend to have more
obvious flank stripes due to their lighter body colouration (Schwartz and Henderson, 1991
(Fig.5).

The anolis lizards are a large genus, consisting of approximately 400 species, which have
radiated across The Caribbean Islands and mainland Central and South America (Irschick
at al, 1997). As such it is a very diverse group, with as many as 11 species coexisting in
one locality, each specialised to a different niche. For example, different species/ecomorphs
have become specialised to exploit the crown, trunk, branches and base-ground niches of
one tree (Beuttell and Losos, 1999). For the same reason, anolis of a single species are often
found at very high densities, with one study recording a density of 20,000 lizards/ha
(Gorman and Harwood, 1977).
The St Lucian Anole (Anolis luciae) is one of three species of anolis on St Lucia, although
it is the only endemic. A. luciae is an ecological generalist, occurring throughout St Lucia,
from the dry sea lever forests in the west, to the high rainforest in the Island’s centre. It is
also found on four of St Lucia’s islets; Maria Major, Maria Minor, Praslin Island and Rat
Island (Gorman and Kim, 1975). Although this species is common throughout St Lucia, the
increased pressure from land use change, as well as the unknown potential impacts from
invasive rats, mongoose, toads and other anolis, makes this endemic lizard a target for
conservation efforts.

2.2.3: Gymnophthalmus pleii
Gymnophthalmus pleii, commonly known as the shiny or ground lizard, belongs to the
microteiids, a sister taxon to the teiids (Pianka and Vitt, 2005). These New World lizards
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tend to be small, with elongated bodies and shortened limbs, and although primarily
terrestrial, some species have adapted to semi-aquatic habitats (Pianka and Vitt, 2005).

Gymnophthalmus pleii is a bisexual, burrowing/litter dwelling species with a maximum
SLV of 48mm (Schwartz and Henderson, 1991) (Fig.5). The species has been recorded in
Dominica, Guadeloupe, Martinique and St Lucia, with a total of three described subspecies,
G. pleei luetkeni (Bocourt, 1881), G. pleei nesydrion (Thomas, 1965) and G. pleei pleei
(Bocourt, 1881) (Schwartz and Henderson, 1991). However, like many Gymnophthalmidae
species, very little in known about its ecology, evolution or conservation status, although it
is currently felt that Gymnophthalmidae species are as yet not suffering any major declines
as a result of human encroachment (Powell and Henderson, 2005).

a

Figure 5:

b
a (b). Both these individuals are on Praslin Island.
Photos of a male A. lucoae (a) and a G. Pleii

(Images by Erin Murton)

2.3: Data Collection and Analysis

Two methods of data collection were used for this study, distance sampling and quadrat
sampling/occupancy. The data was analysed in three main software packages; DISTANCE
(version 4.1), R (version 2.5.1) and ArcGIS (version 9.2).

2.3.1: Distance Sampling: Estimating Abundance and Distribution
Distance Sampling is a widely used method for estimating the density and abundance of
biological populations (Buckland et al, 1993). It takes into account the fact that more
distant individuals are less likely to be observed, while assuming that all individuals at zero
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distance from the observer are recorded (Buckland et al, 1994). This difference in
detectability and distance can then be used to estimate density in a given area. (For more
information on distance sampling see Buckland et al, 1993). Line transect distance
sampling was used in this investigation, which requires the observer(s) to walk along a set
transect, recording the perpendicular distance from the line of each individual sighted.

Figure 6:
Map of Praslin
Island showing
the position and
length of nine
transects walked
during data
collection.

This study used transects that had originally been set-up by Dickenson et al (2001) in
October 1997, and have since been used for monitoring the C. vanzoi population. All 9
north-south transects were re-opened and marked every 5m with orange tape. These
transects, which together covered a distance of 425m, were spaced 15-20m apart, covering
approximately 80% of the Island (Fig.6). All three lizard species were surveyed from these
transects, which were walked during peak activity hours (9.30am-3.00pm) on dry days
during May and June 2008. Every time an individual was spotted, a number of factors were
recorded for analysis. These factors included cluster size, age and sex, perpendicular
distance from the transect, habitat and microhabitat. Each species was surveyed until at
least 100 clusters had been recorded.

Lizard population size was estimated using the program DISTANCE 4.1 (Thomas et al,
2006). Six main models were considered for each species (Half-Normal Cosine, HalfNormal Hermite polynomial, Uniform Cosine, Uniform Simple polynomial, Hazard rate
Cosine and Hazard rate Simple polynomial) and the largest 5% of the perpendicular
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distances were discarded from the data set. For each model the detection probability
histograms and goodness of fit statistics were examined carefully. The best model (based
predominantly on Delta AIC and AIC values) was chosen and used to estimate the density
and abundance of each species.

Data collected by DWCT and the St Lucian Forestry Department in January-February 2004
and 2005 was used to establish abundance and distribution data for whiptails and anolis on
the Maria Major, Rat Island and a mainland site. These three locations were used to draw
comparisons with lizard abundance on Praslin Island, being of similar habitat type. Maria
Major is also an east coast islet of St Lucia, and like Praslin it is dominated by dry scrub
woodland, although the island is considerably bigger at 10.6 ha in area. Rat Island (1.3ha),
which is a very similar size to Praslin, is also dominated by dry woodland, although being
on the west coast of St Lucia it is considerably more sheltered and marginally wetter. The
mainland site, the exact location of which is unfortunately not know, has a similar climate
and habitat to Rat Island, also situated on the west coast.

DISTANCE was also used to estimate the broad distribution of Praslin Island’s lizard
species. The data was post-stratified by habitat type (Mixed Woodland, Shrub and Open)
and species density estimates and population numbers were then generated by DISTANCE
for each habitat. Chi-squared tests were used to see if lizard density per habitat were
significantly different from expected (expected was calculated as a function of availability).
Using two aerial photographs (one eleven years old and one a year old, though of worse
quality), a map (Dickinson et al, 2001) and ground truth-ing, a habitat map was created
using ArcGIS. The lizard density data by habitat was then mapped in GIS, to examine both
distribution and habitat preferences for each species.

2.3.2: Estimating habitat preference and use
As was mentioned above, DISTANCE and ArcGIS were used to obtain a broad estimate of
habitat use. The same set of distance sampling data (from Praslin Island, Maria Major, Rat
Island and a mainland site) was also used to look at tree height distribution in anolis and
microhabitat use by all three lizard species. The average observed perch heights of anolis
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on Praslin Island, Rat Island and the mainland site was compared in R using one-way anova
and t-tests. Microhabitat use was estimated by the percentage of detections for each species
in any given microhabitat. Chi-squared tests were run to compare observed microhabitat
use with expected. Expected was simply calculated as the total number of observations
divided by number of microhabitats, as there was no data on availability.

To gain an understanding of what habitat characteristics may be important to each lizard
species, occupancy data was collected. Thirty 6m2 quadrats (sites) were set up at intervals
along the nine transect lines, spaced at least 9m apart and to maximise habitat
representation. Within each site a number of environmental variables were recorded.
Ground cover was estimated from the average ground cover in four randomly placed
(within the 6m2 site) 0.5m2 quadrats, and included the percentage of leaf litter, bare ground,
rock and grass. Average leaf litter weight was also recorded from these four small quadrats.
The number of trees and shrubs within each 6m2 quadrat were counted and canopy cover
was estimated using a densiometer. Finally slope and elevation were measures using a
clinometer and hand-held GPS respectively. Each site (6m2 quadrat) was then visited
(defined as 3 mins. searching within the site) on six different occasions to record to the
presence/absence and number of C. vanzoi, A. luciae and G. pleii. Temperature was also
recorded during these six surveys at each of the thirty sites.

To analyse these data, the statistical program R was used to run logistic regression analyses.
Initially the effect of environmental variables on the presence/absence of each species was
analysed

using

a

binomial

general

linear

model

(Code:

glm(occurrence~variable,binomial)) and the simplest most adequate model was

chosen based on the outputs in R (appendix.E).

The same data set and program (R) was also used to examine the relationship between
lizard abundance and habitat. Initially this was done using a quasipoisson general linear
model (Code: glm(abundance~variables,quasipoisson)), but the effects on transect
were found to be highly significant for both whiptail lizards and ground lizards. As a result
mixed

effects

models

(Code:

lmer

(abundance~variables

+(1|tran),family=poisson)) were then run in order to take account of the effects of

transect. Models were run separately for each species. When the best model had been
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reached (appendix.E), the significant relationships between abundance and habitat
characteristics were plotted for each of the three species.

.
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4. Results

4. 1. Abundance and Distribution

4.1.1. Lizard Abundance

Whiptails are the most abundant lizards on Praslin Island (Fig.7 and Table.2), with a
population of 193 (129-290), whereas anolis and ground lizards are at a much lower
density, with an abundance estimates of just 89 (49-163) and 77 (42-141) respectively. See
appendix.A and appendix.B for a summary of the distance sampling data and analysis.

Density/Abundance

300
250
200

Density
Abundance

150
100
50
0
Whiptails

Anolis

Ground

Figure 7: A comparison of the density and abundance of three species of lizard on
Praslin Island. The error bars indicate the 95% confidence intervals for each species.
(X2=71.356, d.f.=2, p =0.001).

Table 2 compares these estimates with those for the other three locations around St Lucia.
The most obvious difference is that of anolis density on Praslin compared with the other
habitas, in particular Maria Major. The anolis lizards on Maria major are at a very high
density, with an estimate of 2,390 lizards ha-1, over ten times the density of whiptails on the
same island. In contrast, the St Lucia whiptail lizards are at a significantly higher density on
Praslin Island than either of the other two lizard species, with a density estimate two times
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greater (X2 = 60.07, p = 0.001). Unfortunately there is no data for ground lizard abundance
outside of Praslin Island and therefore no comparisons were possible.

4.1.2. Spatial Distribution of lizards

Mapping densities in GIS indicated that whiptails on Praslin Island were at considerably
higher densities then either anolis or ground lizards. Whiptails have the highest densities
across the island, peaking at 340.7 lizards ha-1. The anolis lizard were mostly found at
lower densities, with a maximum of 128.0 lizards ha-1, while the ground lizards had the
lowest densities, with a maximum of only 105.4 lizards ha-1. Anolis and ground lizards had
a similar distribution since both are predominantly absent from the Island’s perimeter. This
is reflected in Figure.8, where white depicts an absence of lizards.
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(a)

(b)

(c)

Figure 8: Distribution of three lizard species on Praslin Island. Whiptail lizards (a) were the
most abundant across the island, with a peak in density of 340.7 and a low of 28.8, with the
exception of the rocky perimeter where density was 0. Anolis (c) and ground lizards (b) had a
similar distribution, although anolis were at higher densities (128.0 to 0) then the less
abundant ground lizards (105.4 to 0).

4.1.3. The vertical distribution of Anolis

Unlike the whiptail and ground lizards, which are ground dwelling species, anolis lizards
exploit the arboreal stratum of the habitat, and thus are distributed vertically as well as
horizontally. Figure 9 compares the average perch height of adult and juvenile anolis from
Praslin Island, Rat Island and the mainland site. Due to some uncertainties in the accuracy
of sex determination, for the Praslin Island population, adult males have been compared
with all other anolis (females and juveniles).

In all three locations adults were observed at significantly greater heights, with the largest
difference observed on the St Lucian mainland (Fig.9, c), where juveniles were detected at
heights on average 65% lower then adults. This is compared to Rat Island where juveniles
were observed 33% lower then adults, while on Praslin the unknown individuals were
observed on average at heights 27% lower then adult males.
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(a): Praslin Island

(b): Rat Island

(c): Mainland site

Figure 9: A comparison of the average height above ground at which adult and juvenile anolis lizards were
detected at three different sites. In all three locations, adults were recorded at significantly greater heights then
juvaniles or unknowns. Praslin Island (a: M=2.05m, U=1.49m, F=7.002, p=0.009, d.f.=1), Rat Island (b: A=0.46,
J=0.31, F=4.4905, p=0.037, d.f.=1) and a site on St Lucia (c: A=0.29, J=0.10, F=32.652, p<0.002, d.f.=1).

A final analysis was carried out with these data to compare the average height above
ground at which anolis lizards from different locations were observed (Fig.10). The average
height at which lizards were detected was found to be significantly different for each site,
although by far the most striking difference was between Praslin Island and the other two
locations. Lizards on Praslin (height = 1.79m) were observed on average at heights five
times greater then those on Rat Island (0.38m) and 12 times higher then the mainland
population (0.15m). The difference between average height above ground for mainland and
Rat Island anolis is much smaller (difference of 0.23m), although still significant (F=, 2.13
p=0.03).
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Figure 10: The average height (in meters) above ground A. luciae were detected at three
different locations. The three locations were on the mainland (Main), Praslin Island
(Praslin) and Rat Island (Rat). Average perch heights at each site were, Main=0.15m ,
Praslin=1.79m , Rat=0.38. Anolis from all three locations were detected at significantly
different heights. Praslin and Rat Island (t=18.95, p>0.001, d.f.=2), Praslin and mainland
(t=18.944, p>0.001, d.f.=2), mainland and Rat Island (t=2.135, p=0.03, d.f.=2).

4.2. Habitat Preference

4.2.1 Habitat type and lizard distribution

Mixed woodland, which accounts for 50% of the island’s habitat, covers an area of 0.59ha
(Fig.11). The next most abundant habitat is grass land (0.23ha) closely followed by rock
and bare ground (0.18 ha), which is found mostly around the perimeter. Shrub, which is
distributed in patches across the island, has an area of 0.15ha, while the smallest habitat
type is the beach, accounting for 2%, with an area of 0.02ha.
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Figure 11: Habitat Types on Praslin Island. Praslin Island has five main habitat types, of which
mixed woodland counts for the majority (50%). The remaining 50% of the island is divided into
grassy areas (20%), shrub (13%), a small beach (2%) and rock/bare ground around the edges (15%).

To gain a broad idea of which habitats are used preferentially by which lizard species, the
densities per habitat type were overlaid onto the GIS map of Praslin (Fig.12). It is
immediately obvious that whiptails have the highest densities in each habitat type, with the
exception of rock/bare ground where all three species were predominantly absent. Whiptail
density (Fig.12) is highest in shrub habitat with 304.7 lizards ha-1 (95% CI 214.2-542.0)
followed by mixed woodland (152.4 (90.2-257.7)) and finally open grassy habitat (28.2(9.488.8)). Anolis and ground lizards were only observed in mixed woodland and shrub (Fig.12).

Anolis were the must abundant in both habitat types, with a density of 128.0 lizards ha-1 (
95% CI 79.2-106.8) in woodland and 24.2 (9.7-60.4) in shrub, where as ground lizards density in

both these habitats was lower with 105.4 lizards ha-1 (62.1-178.8) and 10.4 (3.6-29.7)
respectively.
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Whiptail lizards

Anolis lizards
Ground lizards
Figure 12: Distribution of three lizard species by habitat on Praslin Island. Whiptails were must
abundant across all habitats, although they peak in density in shrub (340.7 lizards ha-1). Both
anolis and ground lizards showed similar distributions with highest densities in mixed wood
(128.0 and 105.4 lizards ha-1 respectively). All three species were not distributed as would be
expected by chance, with a significant preference for shrub in the whiptails (x2=1424.46,
p<0.001, d.f.=2) and woodland in anolis (x2= 95.23, p<0.001, d.f.=2) and ground lizards(x2=
83.79, p<0.001, d.f.=2).

4.2.2. Microhabitat use

The microhabitat output for anolis concentrates predominantly on their use of different tree
species (Fig.13). Anolis were observed most frequently in Hippomane mancinella (55% of
observations) and Pisonia fragrans (17% of observations), with the remaining 28% of
sightings occurring in other tree species, shrubs and on the ground. The species was also
recorded significantly more above ground than on it, with 93% of sightings on trees and
shrubs, and 7% on leaf litter and rocks (X2=333.3, p<0.001, d.f.=9).

The two ground dwelling species, C. vanzoi and G. pleii both showed a significant
preference for leaf litter over grass, bare ground and rock microhabitats (X2=210.6, d.f.=4,
p<0.001 and X2=152.5, d.f.=4, p<0.001 respectively) (Fig.13). The whiptails (C. vanzoi) were

observed most frequently on shallow leaf litter (51% of observations), while only 11% of
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sightings were on grass and rock, often more open habitats. The ground lizard (G. pleii)
sightings suggest a decided preference for leaf litter, and in particular deep leaf litter, which
accounted for 61% of observations. Grass was the only other microhabitat in which the
ground lizards were observed, accounting for 5% of the sightings.

a) Microhabitat use by observed Anolis luciae

5%
3%

1%

Hippomane mancinella

3%

Pisonia fragrans

4%

Dead tree

2%

Tab ernaemontana citrifolia

5%

Ficus sp.
Cornutia pyramidata

55%

5%

Unkown species
Shrub
Leaf Litter
Rock

17%

b) Microhabitat use by observed Cnemidophorus
vanzoi

c) Microhabitat use by observed Gymnophthalmus
pleii

Bare Soil
23%

Shallow Litter
33%

Shallow Litter
51%
Deep Litter
15%

Rock
6%

Grass
5%

Deep Litter
61%
Grass
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Figure 13: Microhabitat use by observed lizards on Praslin Island. Fig.6(a) predominantly indicates
tree use by A. luciae, which does not occur in equal proportions (X2=333.3, d.f.=9, p<0.001).
Microhabitat use by C. vanzoi (b) and G. pleii (c) is significantly different from that expected by
chance, with leaf litter being most important for both species. (C. vanzoi: X2=210.6, d.f.=4, p<0.001
and G. pleii: : X2=152.5, d.f.=4, p<0.001)

4.2.2 Occupancy Sampling estimates
Appendix.B gives a summary of the occupancy data collected, including a list of
environmental variables recorded at each site. Whiptails were detected in 83% of the thirty
quadrat sites (Table.3), while anolis occupied 53% and unsurprisingly ground lizards had
the lowest occupancy, only occurring in 26% of the quadrats (see Table.3).
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The proportion of leaf litter cover on the ground was significantly associated with the
occupancy of anolis lizards (z=2.8, p=0.005) (Fig.14). Anolis were absent from all quadrats
where leaf litter cover was 0%, while they were present in all quadrats with leaf litter cover
above 81%. No other environmental variables were significantly associated with the
presence or absence of anolis. However, the number of anolis detected in any given site was
found to be significantly associated with six environmental variables (Fig.15).
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(a)

(c)

(e)

(b)

(d)

(f)

Figure 15: The relationship between anolis lizard abundance and six environmental
variables. Proportion of canopy cover (a): z = 4.222, p <0.001), leaf litter weight (b) z =
2.112, p = 0.015) and the number of trees(c) z = 2.323, p = 0.02), all had a positive effect on
anolis abundance. The proportion of bare ground (d) z = 2.444, p = 0.015) and grass (e) z =
2.637, p = 0.008) are both negatively associated with anolis number, as is elevation (f) z =
6.245, p<0.001).
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The increasing percentage of canopy cover (b: p<0.001), number of trees (d: p=0.02) and leaf
litter weight (f: p=0.015) all had significant positive effects on anolis lizard abundance.
Abundance was negatively affected by increasing grass cover (e: p=0.008), increasing
elevation (c: p<0.001) and increasing percentage of bare ground (a: p=0.015).
There was no significant relationship between the presence/absence of ground lizards and
environmental variables, however number of trees and average temperature did have a
significant effect on numbers of ground lizards occupying a given quadrat (Fig.16). As the
average temperature within a quadrat increased, the number of ground lizards seen
decreased. Conversely an increasing number of trees had a positive impact on ground lizard
abundance.

(a)

(b)

Figure 16: The relationship between ground lizard abundance and two environmental variables.
Temperature (a) was negatively correlated (z =3.784, p<0.001), whereas the number of trees (b) was
positively associated with ground lizard abundance (z=2.250, p=0.02).

Whiptail lizard abundance was significantly affected by six environmental variables
(Fig.17). Like anolis, the number of whiptails was positively associated with increasing
canopy cover (d: p=0.002) while conversely leaf litter weight had a negative effect on
whiptail numbers (e: p<0.001), as did the number of trees (f: p=0.05). Increasing leaf litter
cover (a: p=0.05), number of shrubs (c: p=0.02) and temperature (b: p<0.001) all had potive
effects on whiptail abundance.
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(a)

(c)

(b)

(d)

(e)

Figure 17: The relationship between whiptail lizard abundance and five environmental
variables. The proportion of leaf litter (a) z = 2.005, p = 0.05) and canopy cover (b): z =
3.608, p = 0.002) both had a positive effect on whiptail abundance, as did the number of
shrubs (c) z = 2.274, p = 0.023) and average temperature (d) z = 6.253, p <0.001). Leaf
litter weight abundance (e) z = 5.113, p<0.001) and number of trees (f) z = 1.995, p =
0.05) was negatively associated with whiptail

37

5. Discussion
This study aims to look at how satellite islands and baseline ecological data can be used as
a tool for conservation and the restoration of small reptile communities. In order to explore
the issues, the basic ecology of three small island lizard species (Anolis luciae,
Cnemidophorus vanzoi, Gymnophthalmus pleei) was examined, the outcomes of which are
discussed below.

5.1. The basic ecology of Praslin Island's lizards species

5.1.2 Abundance
Of the three lizards that inhabit the small tropical island of Praslin, the endangered St Lucia
whiptail lizard is by far the most abundant, with a population over twice the size of the St
Lucian anolis and three times the size of the native ground lizards. The whiptails, which
were traslocated to Praslin Island in 1995, have established an important population on the
island, increasing the world-wide abundance of the species by approximately 10%, a
significant proportion for a species so vulnerable to extinction. Worryingly however this
most recent estimate of abundance is 40% lower then the last one, which was carried out in
2005 (Young et al, 2006), even when taking into account the expected reduction in
numbers as a result of the dry season. Dickinson et al (2001) noticed a 25% reduction in
sightings during the dry season compared with the wet season, probably due to a decrease
in activity levels, which may be a result of aestivation, although this needs further
investigation. This drop in population numbers highlights the continued need for
monitoring of this species, for although yearly fluctuations in population are expected, they
can have significant impacts on such a small and vulnerable population.

The St Lucian anole, the second must abundant lizard on the island, was found to have an
estimated density of 76.2 lizards ha-1 and population size of just 89 individuals. Despite
wide confidence intervals (49-163) around this estimate, it is still noticeably lower than
populations of the same species elsewhere. For example, anolis lizards on the Maria Major,
an island of similar habitat, were at densities of 2,390.0 while the population on the
similarly sized Rat Island was estimated to be 331. Again, these estimates would be
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expected to be higher as they were collected at the beginning of the dry season (as a pose to
the end) but the difference in abundance is huge and is not explained by the season
difference alone. Although Maria Major is significantly larger, allowing for greater
population movement, a possible greater genetic diversity and a more diverse woodland
habitat, this again can not explain the 31 fold difference in abundance between the two
islands. The habitat on Rat Island, which is slightly cooler and less exposed, may be more
suitable to anolis. However, either way it does appear that Praslin Island’s anolis lizards are
at lower densities then expected, exposing the population to the deleterious demographic
and genetic effect associated with small population (Frankham 1996; Palstra and Ruzzante,
2008).
Interestingly, when compared with anolis from mainland St Lucia and Rat Island, anoles on
Praslin Island are found on average at significantly greater perch heights then the other
populations. It has been previously noted that anolis lizards show a significant preference
for higher average perches on islands where ground-dwelling predators such as rats and
curly-tailed lizards are found (Leiocephalus carinatus) (J. Fa, pers. comm; Schoener et al,
2001; Losos et al, 2004) (Fig.18). As rats inhabited the island until 1995, and are still
occasionally found there (Dickinson and Fa 2000; S. Lesmond, pers. comm), it could be
that the anolis population on Praslin are showing this adaptation. However, if this was the
case you would expect a similar avoidance to be exhibited on Rat Island, where eradication
of rats was completed more recently, as well as at the mainland site where rats are relatively
common. Another explanation could be competition with the traslocated population of
whiptails. Both the whiptail and anolis population have similar diets, and although anolis
also feed in the trees, much of their prey is caught on or near the ground, resulting in
possible competition with whiptails. It was also observed during this study that whiptails
climb into the lower branches of trees and shrubs while foraging, further impacting on the
anolis population. If competition is indeed going on between the two species, it appears that
the anolis are suffering the negatative effects of it, however, this is speculation and further
study would need to be carried out in order to gain any conclusive evidence.
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Also noted during this study was the significant difference in perch height between juvenile
and adult anolis (Fig.9). In all three location adults, in particular adult males occupied
higher niches then juveniles. This phenomenon, which has been observed in other anolis
species (Bullock et al, 1993; Schoener, 1967) is thought to be a result of niche partitioning
within the species, due to differences in body size and preferred prey. Generally, the larger
adult males eat bigger soft-bodies prey while females and juveniles occupy lower perches
and predate on small hard bodies invertebrates (Bullock et al, 1993; Schoener, 1967).

The third and smallest reptile species on Praslin, the ground lizards (Gymnophthalmus pleii)
are at an even lower density then the anolis, with an estimated population size of 77 (42141) individuals. However, this may be a significant underestimate of actual population
size due to the nature of this species, spending much of its time in the leaf litter, and as such
detection is unlikely to be 100% at 0m, which is a key assumption of DISTANCE. This
uncertainly is unlikely however to account for such a small population size alone and other
factors are no doubt impacting the population. Like the anolis, this population may be
suffering the potential effects of a small population, especially as its isolation on a small
island makes immigration almost impossible. Invasive species may also have had a
negative effect on the population. Cane toads (Bufo marinus), which have been recorded
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predating on small reptiles, were present on Praslin during data collection, and although at
very low densities were much more abundant on the Island in the proceeding years (S.
Lesmond, pers. comm.). However, it is difficult to make any clear assumptions here. A lack
of data on this, or indeed related species, makes it very hard to draw any conclusion. It is
also possible that the population is capable of sustaining itself at low levels, or indeed has
done for hundreds of years.

In future abundance estimates on Praslin Island’s lizard populations it may be beneficial to
increase certainty in estimates by stratifying the distance sampling design by habitat, or
attempting different sampling methods. For example mark-recapture studies, which have
been successfully done on the whiptail population (Dickinson et al, 2001) may work well
with anolis, which are also fairly easy to detect. The cryptic ground lizard population
however may benefit more from a capture study using pit-fall traps, which has been shown
to be an effective method for monitoring small reptile species (Sutherland, 1996). It would
also be interesting to compare the ground lizard population with those on the mainland and
other satellite island sites, hopefully shedding more light on the state of this species.

5.1.2. Distribution and habitat use
It should be noted that as data was collected during the end of the dry season there was a
high average temperature of approximatley 300C and a reduction in vegetation cover,
particularly in open habitats (Dickinson et al, 2001). This would be expected to cause a
reduction of food sources and an expected shift to the use of more shady habitats.

In agreement with the findings of Dickinson et al (2001), the whiptail population was at its
highest density in shrub habitats, followed by mixed woodland and generally avoided
open/grassy areas. This was also reflected in the populations microhabitat preferences, with
far fewer sightings on grass and rock (generally open areas) compared with leaf litter
(Fig.13). Interestingly however, whiptails seemed to choose shallow leaf litter and bare soil
over deep litter. This may be a reflection of their general preference for shady habitats
during the dry season, as shallow leaf litter and bare soil is associated with habitats where
less leaf has been lost from the trees, in particular the shrub areas.
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As highlighted by Dickinson et al (2001), distribution in lizard species is a trade-off
between a number of factors, namely thermoregulation, food availability, predator
avoidance and population density. The results of this study suggested a positive relationship
between increased temperature and whiptail abundance (Fig.17), however on closer
inspection is it noticeable that whiptail sightings peaked at 290C, with the exception of a
high encounter rate at 340C, where shrub habitat around the quadrat in question provided
cover for a high number of whiptails (appendix.E). It is thus probable that the whiptail
population avoided open areas partly as a response to temperature, as direct exposure to the
sun in open areas would make thermoregulation more difficult.

The whiptail population also demonstrated significant relationships with a number of other
environmental variables. They were significantly more abundant in areas of increased
canopy cover, both by percentage, and as a result of the number of shrubs (Fig.17). This is
probably a function of the reduced heat exposure in shady habitats as well as a positive
association between leaf litter/woodland cover with invertebrate diversity and arthropod
abundance (Martin & Lopez, 1998; Smith, 1996; Thomas and Marshal, 1999). The shrub
habitat possibly provided more cover as little leaf was lost from their branches, as well as
being more easily climbed by the whiptails that were frequently observed in branches
eating leaves and flowers. Interestingly whiptails seemed to be slightly negatively effected
by leaf litter weight and tree numbers, this avoidance of trees could be explained by their
significant preference for shrub habitats (Fig.13 and Fig.17) while a dislike of heavy litter
may be associated with more exposed areas (heavy leaf loss from trees) or damp litter.

Unlike the whiptails, both the anolis and ground lizard populations were at their highest
densities in the woodland habitat, which accounted for over 90% of both populations. This
is not surprising as both species are woodland dwelling, the ground lizards being leaf litter
specialists and the anolis being tree specialists. This is also highlighted in the microhabitat
analysis. Detection of ground lizards was much higher in deep leaf litter (61% of sightings)
compared with shallow leaf, and only 6% of sightings were not on leaf litter. This marked
use of deep leaf is probably a function of the increased prey availability associated with
increasing leaf litter cover (Martin & Lopez, 1998), and a possible avoidance of whiptails.
Anolis on the other hand were only detected on the ground 7% of the time, suggesting that
this population, which were frequently observed on the lower trunks and branches, have a
significant preference for the trees, leaving them only to catch prey and move sites. The
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anolis population also showed a marked use of Hippomane mancinella over any other tree
species, which is probably partly due to the high abundance of this tree species, but may
also reflect a particular preference for it. However little is known of this, and further study
would be needed to drawn any substantial conclusions, suffice to note that machineel trees
(Hippomane mancinella) on Praslin appear to be important to the anolis population.

The anolis population also demonstrated significant relationships with a number of
environmental variables (Fig.15). These significant associations tended to be a reflection of
their preference for woodland habitat over shrub or open areas. The population
demonstrated a binomial relationship with leaf litter cover, 100% absent from sites with no
leaf litter cover to 100% present with sites of high leaf litter cover. This trend was also
demonstrated with significant associations between anolis numbers and canopy cover,
number of trees and leaf litter weight. A significant decrease in anolis sightings was found
to be related to bare ground and grass cover as well as elevation. The proportion of bare
ground and grass is merely the inverse of leaf litter cover, and thus this association is
expected. Elevation is probably a result of the fact that most of the woodland on Praslin
occurred at relatively lower elevations, with the top of the island being dominated by hot
and exposed open habitats, typically avoided by anolis lizards. Unlike both other lizard
species, anolis showed no significant relationship with temperature, however, again there is
a peak in sightings at around 26-270C.

Ground lizards showed significant relationships with only two recorded environmental
variables (appendix.E), temperature and the number of trees (Fig.16). Unlike the whiptails,
increasing temperature seemed to have an overall negative effect on ground lizard
observations, however like the whiptails, these lizards seemed to have a peak in abundance
around temperatures of 26-290C (appendix.E). An increase in the number of trees was
associated with an increase in ground lizard sightings. Again this is not surprising, as it is a
measure of forest and thus leaf litter cover. Interestingly there was no significant
relationship with leaf litter.

The analysis of the impacts of environmental variables on the lizard populations highlights
a couple of factors. Firstly, it appears that temperature is a key factor influencing the
populations. Secondly, all three species showed a negative relationship towards open areas,
using habitats with higher proportions of leaf litter and canopy cover considerably more.
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Therefore it appears that for the lizards at least, Praslin Island (Fig.19) should be managed
in such a way as to promote canopy cover and thus shade availability and leaf litter extent.

(a)

Figure 19: Two Images of
Praslin Island, St Lucia.
Image (a) is the east side of
Praslin, nearest the coast.
Image (b) is taken from the
north, showing the dryer open
habitat on the islands
northern and western sides.
Images by E. Murton, 2008.

(b)

5.2. Conserving Praslin Island’s lizards

The study highlights the need to keep up close monitoring of the whiptail populations,
which appear to have decreased slightly more then expected on Praslin Island, with a 15%
relative (accounting for season) reduction in total population numbers compared with the
2005 estimate (Young et al, 2006). Although this in itself does not necessarily spell doom
for the population, as year to year fluctuations are expected, when you are dealing with both
a population and a species on the brink of extinction, the need to closely monitor the effects
of these fluctuations becomes vital. Dickinson et al (2001) suggested supplementary
feeding and shrub generation on Praslin as a means of augmenting the population. These
results do not suggest the need for such drastic measures as yet, however shrub planting and
the introduction of new individuals may benefit the population without two much time and
effort being required.
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Although the St Lucia whiptail lizard is of more immediate conservation concern, and of
greater interest to both conservation bodies and the St Lucian government, information on
Anolis luciae and Gymnophthalmus pleii is still of great importance. Despite the fact that
neither species is considered endangered, their lack of inclusion in the IUCN red list and
the fact that little information exists on either highlights the need for some basic ecological
data, from which conservation status can begin to be assessed.

Being an endemic, A. luciae is of higher conservation concern then it would otherwise be,
while the presence of invasive rats, mongoose and non-native anoles further aggravates its
vulnerability. The Praslin population is at a considerably lower density then would be
expected considering the size of other populations in St Lucia. This may be a result of the
deleterious demographic and genetic effect associated with small population, harsh habitat
(Praslin is hot and dry) or competition with whiptails, but either way it is something that
should be monitored. Even if populations on the mainland are fairly healthy (although the
data on this is very limited), the implications of a populations survival on Praslin Island are
of interest to its value as a Nature Reserve for St Lucia’s wildlife. These issues are therefore
also of concern when considering the very low density of G. pleii, especially as a lack of
any other information on the species status makes it impossible to estimate its vulnerability
to extinction. However, it should be remembered here that G. pleii is not restricted to St
Lucia, with sub-species also found on Dominica, Guadeloupe and Martinique, rendering the
species more robust, and thus of lower conservation concern.

5.3. Small islands and ecological data as tools for conservations

5.3.1 Praslin Island, a conservation tool
Praslin Island is a tiny reserve and yet it sustains a significant and important component of
one of St Lucia’s most endangered animals, as well as being a haven for other members of
St Lucia’s wildlife. However, the populations on Praslin are not risk free. The significant
issues of small population dynamics have already been touched upon, and will always be of
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considerable concern on such a small and isolated reserve. There are also some threat to
Praslin’s wildlife from the local human population that uses the island for picnics, parties
and as a fishing base. This threat, although not direct, significantly increases the risk of fire
which would devastate Praslin’s habitats, as well as increasing the potential for invasive
rats, toads and mongoose to gain access to Praslin. The effects of an invasive predatory
species establishing itself on Praslin could be catastrophic to the lizard populations, and
continued efforts to mitigate for the potential of such an event are vital.

However, Praslin Island has proved key to the St Lucia whiptail conservation effort, both
by decreasing the species’ vulnerability and by providing a basis for an increased
understanding of traslocation projects. The work by Dickinson et al (2000) and Dickinson
and Fa (2001) on the species helped to increase our understanding of how traslocated lizard
species adapt to their new environment, and thus what factors are potentially of significant
importance for future conservation efforts. Genetic studies on the species have also been of
importance, highlighting the need for further translocations efforts (M. Morton, pers.
comm.).

Although much of the work on Praslin, and perhaps more importantly the Maria Islands,
concentrates predominantly on the whiptail lizards, it is hoped that the understanding
gleamed from such studies can be used as a model for the development of future
conservation work with other reptile species. Together Praslin and the Maria Islands lend
the unique ability to closely monitor an entire species confined to three distinct populations,
one of which is only 13 years old. The baseline ecological knowledge gained form such
studies is of great importance, both for the conservation of the St Lucia whiptail, and for an
increased understanding of translocations as a whole.

5.3.2. Island reserves, conservation tools
There are islands around the world that support unique and rare wildlife, from entire island
collections such as the Galapagos, to tiny islets such as Maria Islands. These places are all
invaluable treasures, supporting a rich biodiversity that has evolved in isolation from much
of the world. However, the islands and their wildlife are often naïve to the impacts of
human encroachment and invasive species, having evolved in relative isolation. As a result
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they are particularly vulnerable to destruction. The plight of the flightless kakapo discussed
in section 2 (page 6) is an example of such a species, while the Galapagos offer an entire
suite of endangered birds and reptiles which have fallen victim to human encroachment.

GC, 2008
Figure 20: The Galapagos Isalnds and an giant Española tortoise. The location of Española Island and
Pinta Island are highlighted. Map retrieved from paper by Nicholls, (2004).

For instance, a classic example is that of Lonesome George, the only remaining member of
the Pinta Island tortoises (Geochelone elephantopus abingdoni), a species which was
decimated by whalers in the early 1800’s (Nicholls, 2004). However, the Galapogas also
provide us with an example of island conservation work on a bigger scale. Pinta Island, a
6000 ha island, was used to research effective goat eradication programs which could then
be applied on the bigger islands (GC, 2008). The project, which has now eliminated goats
and seen plant regeneration across Pinta, is now planning a complex Española tortoise
introduction program to boast the natural ecosystem (GC, 2008) (Fig.20). These tortoises,
although not the original Pinta inhabitants, comprise the taxon most closely related to the
Pinta tortoise, as well as being currently available through the successful breeding and
rearing program of the Charles Darwin Foundation (CDF) and the Galapagos National Park
Service (GNPS) (GC, 2008). Thus Pinta Island is acting as both a model for conservation
work on bigger islands, and a stronghold where endangered and unique wildlife can be
conserved.
As well as homes to unique species, islands are often wildlife strongholds. They can be
places where the remaining fragments of a once widely distributed species are still thriving.
Australia and New Zealand, which use many of their off-shore islands as conservation
tools, provide several examples of this. For example Australia is currently running
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conservation programs for seven Marsupial species that have become extinct on the
mainland (Table.4). The banded hare-wallaby (Lagostrophus fasciatus), once wide spread
across southern Australia, is now confined to Bernier Island and Dorre Island off
Australia’s west coast. The species, which became extinct on the mainland in the early
1900’s as a result of habitat loss and predation by introduced mammals, is now part of an
active species recovery program (APAMM, 1996). Unfortunately the first attempt at a
reintroduction failed, falling short on the initially planning process like so many
reintroduction schemes. The project, which attempted to establish a population on the
nearby island of Dirk Hartog, lost all the newly introduced wallabies to feral cats (Short and
Turner, 1992). However, since then ecological and genetic studies have been undertaken in
order to successful plan a reintroduction onto the mainland.

Table 4. A summary of Australian marsupial species that have become extinct on the mainland but
remain on satellite islands. 1 Survey on mainland may not be adequate. 2 Experimental translocation to mainland
underway. 3 Re-introduced. APAMM (1996).

The evidence from these and other examples suggests that island reserves are important
conservation tools for three key reasons. Firstly, they provide strongholds for species that
once inhabited greater areas, allowing them to persist in habitats that are relatively isolated
from human encroachment. Secondly many islands, and especially oceanic chains, home
unique and vulnerable species that have evolved in isolation from much of the worlds flora
and fauna. Finally they act as models, allowing conservationists to study entire systems, as
well as conservation techniques that may later be applied to larger areas. Larger islands can
sustain greater populations but are much more difficult to set-up and manage, especially if
there are people living on the land. Small islands thus provide a compromise. They are
relatively easy to manage, both in terms of potential threats (e.g. human encroachment,
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invasive) and in terms of effectively monitoring the wildlife of concern, while still
providing a sanctuary for rare, unique, native and interesting biodiversity.

5.4. Conclusions and Implications

Pralsin Island has become an important reserve for some of St Lucia’s unique and
endangered wildlife, but this is not without its costs. The project, which has cost significant
time, money and effort for both the St Lucian government and international charities, is by
no means finished. Monitoring, as discussed before, remains vital and will continue to do so
indefinitely. Further traslocations are needed to boost the Praslin whiptail population and
stop it from diverging from the source population on Maria Major, and indeed will continue
to be needed. Finally, Rat Island, where twelve Maria Major whiptails were recently
released, will need close and careful monitoring to ensure the survival and propagation of
this vulnerable population.

To be useful to conservation as a whole, we need to use the information gained from studies
such as this and apply it to related conservation programs elsewhere. Knowledge of
ecological habits and distribution patterns is crucial to planning conservation strategies,
especially introduction programs, and as such prior-research with the populations of
concern is always vital. The whiptail and Praslin Island project highlights some important
factors however.

The importance of continued monitoring is stressed, especially when the population of
concern is small. This is vital both as an insurance that the species of interest is thriving, but
also to keep track of any potential impacts on other species, both animal and plant. The
study also highlights the potential limitations of such a small island reserve. Although
whiptails have flourished so far, it appears that they may have reached a maximum density,
while both anolis and ground lizards are at notably low numbers. This is most probably the
result of a small and confined habitat, where immigration and emigration are practically
impossible, making it difficult for populations to thrive. It seems that when an island
reserve is so small, the species or population of interest must often be managed at a
relatively intense level, which is not an entirely desirable outcome for any conservation
project, though in some cases the best that can be done. Without management, monitoring
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and research, the whiptail lizards of St Lucia would be far more vulnerable then they are
today.

Through research, monitoring and careful conservation work, the unique and endangered St
Lucian whiptail lizard can still be seen thriving today. Praslin Island is key to the success of
this project, highlighting the importance of small islands as conservation tools. Islands are
unique and delicate habitats, providing manageable areas in which to protect and monitor
both particular species and entire ecosystems. Their value, both as areas of distinctive and
rare biodiversity, and as conservation tools, should not be underestimated.
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Appendix A: Distance sampling summary table for Cnemidophorus vanzoi, Anolis luciae and Gymnophthalmus pleii. The final DISTANCE
model used for each species is noted.
Species

Survey

Number
Days

Observed
Observed

Observed
males

Encounter
unknowns

Density
(lizards/m)

Coefficient
of variation

Best
Model

C. vanzoi

5

182

77

114

0.09

164.9

18.09

Uniform, cosine

A. luciae

10

141

80

70

0.03

76.3

26.88

Uniform, cosine

G. pleii

17

105

/

/

0.01

65.5

27.18

Uniform, cosine

Appendix B: Detection Probability Plots.
Histograms from DISTANCE showing the
calculated detection probabilities for whiptails (a),
anolis (b) and ground lizards (c) at different
distances from the observer.

Appendix B: A summary of the quadrat sampling data collected on Praslin Island during June 2008. All thirty 6 meter squared sites are listed with their
associated environmental variables and the occupancy of each lizard species.
Percentage Cover (%)
Transect

A
A
A
B
B
B
C
C
C
C
C
D
D
D
D
E
E
E
E
F
F
F
F
G
G
G
G
H
H
I

Distance

Temperature

Slope

Elevation

0
15
30
0
15
30
5
20
35
50
65
5
20
35
50
0
30
45
60
5
20
35
50
5
20
35
50
5
25
5

26
30
34
28
26
28
31
25
26
27
25
29
26
27
28
27
26
27
30
27
27
27
32
29
27
31
29
30
28
29

5
31
15
3
15
19
12
9
19
3
15
24
10
13
9
25
7
2
28
17
8
5
28
25
14
1
23
19
12
5

7
12
17
10
12
13
11
13
17
20
12
12
17
20
22
16
23
26
23
23
26
28
25
24
28
33
32
26
30
24

Total number

Occupancy
(precence/absence)

Number Sighted

Litter weight
(g)

Litter

Grass

Rock

Bare

Canopy

Trees

Shrubs

whiptail

anolis

ground

whiptail

19.3
0
0
27.5
34
23.8
0
63
52.3
33.5
24.5
0
57.8
78.3
31.5
0
74.8
49.8
0
78.3
28
106.8
0
0
62
40.3
0
0
11.3
0

16.3
3.8
0
33.8
52.5
45
0
63.3
73.3
62.5
48.8
0
48.8
82.5
51.3
0
66.3
67.5
0
86.3
42.5
86.3
0
0
75
23.8
0
0
13.8
0

0
12.5
67.5
5
3.8
2.5
13.8
13.8
12.5
3.8
3.8
65
0
0
22.5
18.8
0
0
55
0
0
0
62.5
48.8
6.3
45
47.5
58.8
68.8
45

23.8
62.5
28.8
38.8
2.5
12.5
20
5.5
6.8
30
46.3
33.8
28.8
13.8
23.8
33.8
32.5
0
45
8.8
20
1.3
18.8
31.3
16.3
5
52.5
36.3
6.3
55

60
21.3
3.8
22.5
41.3
40
66.3
17.5
7.5
3.8
1.3
1.3
22.5
3.8
2.5
47.5
1.3
32.5
0
5
37.5
12.5
18.8
20
2.5
26.3
0
5
11.3
0

73
47
20
53
73
67
20
80
80
87
67
0
87
87
60
13
87
80
20
87
93
100
27
27
93
47
27
0
47
0

3
1
0
4
7
1
0
7
10
3
7
0
5
6
5
0
11
7
0
7
7
8
1
0
7
2
0
0
5
0

0
14
9
0
15
28
1
5
25
30
15
0
13
7
22
1
11
14
2
50
7
31
9
7
0
7
12
0
14
9

0
1
1
1
1
1
1
1
1
1
0
1
1
0
1
0
1
1
1
1
1
1
1
1
1
1
1
0
1
1

1
1
1
1
1
1
0
1
1
1
1
0
1
1
0
0
0
0
0
1
0
1
0
0
1
1
0
0
0
0

0
0
0
0
0
0
0
0
1
0
0
0
0
1
1
0
1
1
1
0
0
1
0
0
0
1
0
0
0
0

0
10
17
1
9
17
3
1
4
7
0
1
2
0
11
0
3
2
2
8
12
1
2
4
4
8
2
0
2
1

anolis

4
4
1
1
4
1
0
15
3
5
8
0
10
5
0
0
0
0
0
3
0
7
0
0
1
2
0
0
0
1
0

ground

0
0
0
0
0
0
0
0
2
0
0
0
0
4
2
0
4
2
1
0
0
3
0
0
0
2
0
0
0
0

Effect of temperature on lizard occurance

Number of lizards

25
20
15

Whiptails
Anolis
Ground

10
5
0
0

10

20

30

40

50

Temperature 0C
Appendix D: On average, lizard sightings of each species where highest between 260C and
270C. A peak of 27 whiptail sightings and 4 ground lizard sightings occurred at 270C while
anolis sightings peaked at 260C with 23 observations. This data is summarised from the
quadrat sampling analysis

Appendix E: Minimum Adequate lmer Models

Anolis luciae
> anolis6<lmer(ano.num~grass3+bare3+lweight+tree+canopy3+elev+(1|tran),family=poisson)
> summary(anolis6)
Generalized linear mixed model fit using Laplace
Formula: ano.num ~ grass3 + bare3 + lweight + tree + canopy3 + elev +
(1 | tran)
Family: poisson(log link)
AIC
BIC logLik deviance
47.67 58.88 -15.84
31.67
Random effects:
Groups Name
Variance Std.Dev.
tran
(Intercept) 5e-10
2.2361e-05
number of obs: 30, groups: tran, 9
Estimated scale (compare to

1 )

1.553273

Fixed effects:
Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.615207
1.218425 -0.505 0.61362

grass3
2.207289
bare3
-1.879958
lweight
0.019848
tree
-0.168506
canopy3
5.515491
elev
-0.220956
--Signif. codes: 0 '***'
Correlation of
(Intr)
grass3 -0.670
bare3
-0.382
lweight 0.541
tree
-0.167
canopy3 -0.742
elev
-0.159

0.836972
0.769267
0.009397
0.072532
1.306520
0.035382

2.637 0.00836 **
-2.444 0.01453 *
2.112 0.03467 *
-2.323 0.02017 *
4.222 2.43e-05 ***
-6.245 4.24e-10 ***

0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Fixed Effects:
grass3 bare3 lweght tree

canpy3

0.102
-0.100 -0.089
-0.195 0.382 -0.483
0.576 -0.231 -0.508 -0.212
-0.153 0.619 -0.273 0.422 -0.413

Gymnophthalmus pleii
> ground10<-lmer(ground.num~tree+temp+(1|tran),family=poisson)
> summary(ground10)
Generalized linear mixed model fit using Laplace
Formula: ground.num ~ tree + temp + (1 | tran)
Family: poisson(log link)
AIC
BIC logLik deviance
39.52 45.13 -15.76
31.52
Random effects:
Groups Name
Variance Std.Dev.
tran
(Intercept) 0.29058 0.53906
number of obs: 30, groups: tran, 9
Estimated scale (compare to

1 )

0.9638543

Fixed effects:
Estimate Std. Error z value
(Intercept) -16.5591
6.6199 -2.501
tree
47.2744
12.4921
3.784
temp
0.4834
0.2148
2.250
--Signif. codes: 0 '***' 0.001 '**' 0.01

Pr(>|z|)
0.012370 *
0.000154 ***
0.024444 *
'*' 0.05 '.' 0.1 ' ' 1

Correlation of Fixed Effects:
(Intr) tree
tree -0.834
temp -0.996 0.792
>

Cnemidophorus vanzoi
> whip6<lmer(whip.num~lit3+lweight+tree+shrub+canopy3+temp+(1|tran),family=poisson)
> summary(whip6)
Generalized linear mixed model fit using Laplace
Formula: whip.num ~ lit3 + lweight + tree + shrub + canopy3 + temp + (1 |
tran)
Family: poisson(log link)
AIC
BIC logLik deviance
56.52 67.73 -20.26
40.52

1

Random effects:
Groups Name
Variance Std.Dev.
tran
(Intercept) 0.090767 0.30128
number of obs: 30, groups: tran, 9
Estimated scale (compare to

1 )

0.9725603

Fixed effects:
Estimate Std. Error z value Pr(>|z|)
(Intercept) -16.62335
2.86832 -5.795 6.81e-09 ***
lit3
2.15187
1.07318
2.005 0.04495 *
lweight
-4.97786
0.97356 -5.113 3.17e-07 ***
tree
12.67593
6.35325
1.995 0.04602 *
shrub
2.70574
1.19010
2.274 0.02299 *
canopy3
2.72876
0.88942
3.068 0.00215 **
temp
0.52797
0.08444
6.253 4.04e-10 ***
--Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
Correlation of
(Intr)
lit3
-0.090
lweight 0.345
tree
-0.408
shrub
-0.019
canopy3 -0.507
temp
-0.987
>

Fixed Effects:
lit3
lweght tree
-0.604
-0.272 -0.264
-0.577 0.062
-0.594 0.047
0.183 -0.359

shrub

0.436
0.174 0.296
0.392 -0.054

canpy3

0.380

2

