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The one process now going on that will takeillions of years to correct is the loss of
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Abstract

Pinus caribaeavar. bahamensisis the National Tee of the Turks and Caicos Islands (T@I)UK
Overseas Territonylt is the dominant canopy species of th&ée rockland habitatP. caribaeavar.

bahamensiss currently under attack from an invasive scale ins@ctimeyella parvicornisvhich is
causing damage and mortality to the trees, and if left unchecked willltrés further losses and
potential extirpation of the species in TCI. Thime rocklandhabitat is alsohome to Stenandrium

carolinae a TCIl endemic herb.

This study contributes to conservation of the TCI pine rocklands by establishing permanent
monitoring plots forP.caribaeavar. bahamensi©on each of the three islands where it occurs, Pine
Cay, North Caicos and Middle Caicos. The degree to which the plots are representative of the

pineyards in which they are situated is discussed, and the pineyardeamgared to one another.

The study also assesses the current distributionSofcarolinag its conservation status and the
nature of its preferred habitatHabitat suitability modelling of occurrence data shows that highly
suitable habitat foIS. caroliaeis predicted to exist on four islands, although the species is currently
known from only two. A conservation assessment is conductedSardrolinaés recommended for

addition to the IUCN Red List as Critically Endangered.

Data from thepermanent monitoring plots are analysed along with data from the rest of the
pineyards; differences between plots and between pineyards are reported and reasons for them
suggested. Implications for management of the plots are discussed and recommendations are made

for future monitoring practices.

Word Count:14,966
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1. Introduction

1.1.The GlobalBiodiversity Crisis and the Caribbean Hotspot

The current rates of loss of biodiversity are higher than ever previously recorded, with extinction
rates estimated to be between 104000 times the background rate of extinction (Pinemal,
1995).Global climate change and changes in land hesee beenidentified by Salat al. (2000) as

the factors likely to have the greatest effect on biodiversity in terrestrial ecosystems over the next
century. Invasive species are also increasingiportant drivers of global environmental change
(Vitouseket al., 1997) Concerngegarding the sustainability of human population grovate also
increasing(Meffe et al., 1993, Fowler, 2005)naking it imperative that we discover how best to
conserve and manage remaining biodiversity from the species level to mainteodremsystem
function. Prioritising conservation actions to the most threatened regions allows us to make best use

of limited resources.

The Caribbean, mainly comprised of the archipelagos of the Bahamas and the Greater and Lesser
Antilles has been identified as a biodiversity hotspot by various studies (Betoks, 2002,
Mittermeier et al,, 2004, Shet al., 2005); an area undergoing usually high levels of habitat change

and subject to high human population pressure. The florthefCaribbean is similar tihat of the
Madagascar and Cape Floristic hotspim numbers of endemic genera; however itgiss resilient to
changes due to #h small size of Caribbean islands #mel fragmented nature of remaining habitats
(Maunderet al, 2008) Many of the endemic genera are also unispecific (Frar@isegaet al.,

2007). Many Caribbean islands are low lying and so are especially vulnerable to the effects of sea
level rise due to climate change, and thegion has been subject to high rates of habitat loss since
major development and logging began in the"a@ntury. The Caribbean possesses many globally
threatenedhabitats such as coral reefs, tropical dry forests and pine rocki@ils, 2008} it is the

latter habitat on which the current project is focused.
1.2.The Pine RocklandsHabitat

Unique to the Bahamas, southern Florida and Cuba, the pine rockland habitat is characterised by its
occurrence on shallow, rocky, limestone sa@ifgd its single canopy speciddinus elliottiEnglem.

subsp densa(Little & K.W. Dorman) A.E. Murraty South Florida an®inus caribaeaMorelet var.
bahamensis(Grisebach) W.H.Barrett & Golfan the Bahamas (US Fish and Wildlife, 2007). The



subcanopyis made up of palms and hardwood shrubs and the herb layer is divarse. South
Florida pine rocklands have been reduced in size by more than 90% of their historical distribution
(US Fish and Wildlife, 2007), while in the Bahamas, the habitat is foupdo the islands of Abaco,
Andros, Grand Bahama, & New Providence in the north of the archipelago and then on Pine Cay,

Middle Caicos, & North Caicos in the Turks and Caicos islands in the south.

Most of the previous research on the ecology and coretmzm management of pine rockland
habitats has been conducted in southern Florida or in the northern Bahamas. Pine rocklands, known
as pineyards in the Turks and Caicos Islands (TCI) are being studied by the Royal Botanic Gardens,
Kew (RGBK), the Departnteof Environment and Coastal Resources (DECR) and the Turks and
Caicos National Trust (TCNT), where they are under thireat an invasive scale insedipumeyella
parvicornisCockerell This study will aid conservation of TCI pineyards by establishimgapent
monitoring plots for the Caicos pine, and discussing the monitoring data that will likely be of most
use in informing future management practiceStenandrium carolinaé.eonard and Proctoran
endemicherb of TCI has previously been discovered ia flineyards. This study will also answer

guestions regarding the habitat preferences and distribution of this species.

1.3. Aims andObjectives

The overall aim of this research is to develop a comprehensive understanding of the morphological
and ecologichdata that will be most useful in guiding management of the Turks and Caicos Islands
pineyard habitat throughfulfiiment of the following objectives:

9 Establish permanent monitoring plots for the Caiquse; assess the forest structure of the
plots, the species composition of the plots and #tate of the pine trees in the plots.

1 Determine whether or not the plots are representative of the TCI pineyards by comparing
the plot structure, speies composition ah tree data with comparable pineyard data
collected outside the plots.

9 Assess the current distributigipredict areas of dtable habitat and conduct conservation

assessmenfior Stenandriuncarolinae



2. Background

2.1. A FireDependent Ecosystem

The pine rocklandhabitat evolved with regular lightning ignited fires and cannot persist if fires do
not occur in the long term, or if they are suppressed. In these cakesynderstory comprised of
tropical broadleaf species such lagsiloma latisiliguunBarreto & Yakovlev anBwietenia mahagoni

(L.) Jacgand palms such ahrinax morrisiH.Wendl. andSabal palmettqWalter) Lodd et Schult.
growsto dominate the habitat, outcompeting the pine overstory. This leads to the loss of species
diversity which would be maintained in healthy pineyard, described as an open, high biodiversity
habitat with multiple ageclasses of pines and canopy gaps allgwtime persistence of diverse herb

and low density shrub layers (Pine Rockland Working Group, 2010).

Frequent fires, occurring every @7 years, are required to maintain the pine rockland habitat
(Snyderet al,, 1990), although in some cases, this maytto frequent for young pines to achieve

the size and maturity required to survive a fire. Pine rockland fires travel quickly due to the high
abundance and variety of fuels in this habi{Mitchell et al., 2009). Consequently, the fires have

little effect on the pine canopy; however they do alter the structure and species composition of the
habitat. Fires keep invasions by broadleaf species under control, as well as allowing more light to
reach the herb layer. This encourages pine regeneration. Typjuiaky seeds are released from
mature cones in October and the majority of lightning caused fires occur between May and
September (US Fish and Wildlife, 2007). Seedlings sprouting in the months following a fire benefit
from the fertile ash soil, reduced duéind fuel accumulation, increased light levels and reduced
competition from herbaceous, broadleaf and palm specikfire return intervals are too short (<3
years), pines may lose dominance to grassland (Miller, 2007) while if they are too loFAh(5e0s)

a hardwood hammock may develop, with pines unable to regenerate and thus being outcompeted
(Pine Rockland Working Group, 2010)

2.2.Stand Densityand Fuels

In a stand of any vegetation, the component individuals are distributed over a speeéiciraa
specific number, this is the density of the stafidarde and Petrankal B1). The denser a stand, the
more competition for nutrients, water, light and growing space an individual will face, the lower its
growth rate will be (Ginrich, 1967The poit centredquarter (PCQ)method involves selection of
random sampling points; each considertbe centre of a plot divided into four quarters by the lines

3



of the compassAt eachsamplingpoint, the distance to theclosest tree to thecentre point in each

of the four quarters aroundhe point is recordeqCottam and Curtis, 1956, Pollartd71]). Cottam

and Curtis (1956) compared four popular methods for determining density under equal conditions
and found the PCQ method to be superior due to the low vdiiglmf results, the lower number of
sampling points needed to obtain similar accuracy to other methods and the low susceptibility of the
method to subjective biasCalculating stand density of the TCI pineyards will inform management
practices since théenser a stand, thgreater the accumulation of fuels and tlmégher the risk of

fire ignition.

A dense pine overstory will inhibit seedling regenerati@aps must be present to reduce pine
seedling competition with the overstory for light amditrients, and reduce the intensity of fires by
lowering fuel loads. As seedlings grow, fire resistance adaptations dewva&icp as thick bark
however all pine seedlings are initially feS y & A ( A @86al, 8008)Fubdldy E&fhed as any type

of burnable vegetation are necessary to carry low intensity surface fires through gaps in the
pineyard canopyeliminatingthe broadleaf competition of firgesistant pinegMitchell et al.,2009)

Fuels in long unburned habitat can build up to levels haasdm even fireresistant species

6 h Q. eNal., 010).In the TCI, recent invasion of the pine rocklands by an invasive scale insect has
caused mass mortality of Caicos pifithis has caused a builgh of dead trunk and limb wood,
referred to as an ovdwading of fuels, risking ignition of high intensity fires to which the Caicos pine

is not adapted (DECR, 2010).

2.3.Infection of the Turks and Caicos Pineyards

Island ecosystems may be particularly vulnerable to invasive species, since the naties spegi
have evolved in the absence of predation or competitfoom (Hardman, 2009)The devastating
effects that invasive species can have are exemplified in the Turks and Caicos [Blendisst
discoveryin TClof the pine tortoise scale;Toumeyella prvicornis Cockerell (Figure 2.1, a
hemipteran in the family Coccidaevas made in January 2005 by Martin A. Hamilton from RGBK
while in Conch Bar Pineyard in Middle Caicos (Hamilton,,288miltonet al., 201Q. A sample of

the scale insect was sent tihe Central Science Laboratory (CSL) in the UK and subsequently
identified asT. parvicornisThe pine tortoise scale is native to North America where it is a pest of
pine species. In its natural range, the spread and growth of the pest is held in chebk bold
winters, during which it enters a hibernation phase in its lifecycle. In the Caribbean however, the

warm temperatures allow pine tortoise scale to complete its lifecycle without this life history stage,



decreasing the time between generationsdaallowing the scale to spread more rapidly. The scale

and Middle Caicos. The scale caudeback

stunted growth and reduced seed productio
and in severecases, canopy death through
combination of direct feeding and secretion ¢
honeydew which coats needles, stems a
understory plants providing nutrients fora |
sooty mould that limits the photosynthie
ability of the plants. In North Caicos, the sca

has caused over 90% mortality of maturefFigure 2.1 Toumeyella parvicornfeeding on a

trees, and recruitment of new seedlings is lowPine seedling.
) . . Photo credit: B. McMeeki@ the CaicoPine Reoeery
(DECR, 2010); effects are also seen in Pine Ca¥q: steering Committee

and Middle Caicos.

2.4.History of the Caicos Pine Recovery Projec

In 2006, the impact of the pine tortoise scala the pineyardsof TClwas further investigated by
researchers from BGK, while staff from the TCM3tablished an esitu population of Caicos pine in

a nursery on North Caicdglamiltonet al., 2010) During 2007 and 2008, the methodology used
during the current study for assessing scale infestation was developed. The Caicos Pine Recovery
Project (CPRP) was announced for funding by the TCI government in late 2007. The project recruited
two staff members a GIS officer and a dfect Manager/Nursery Specialist; however hurricanes
disrupted their arrival and the GIS offideft the project The Nursery Specialist-established the
temporary nursery that was damaged during the hurricanes, while GIS stRB@K assisted with
YFELIWAY3I 2F GKS LAYyS@FNRad® Ly wnndpX | FANB &ALISOA
expert advice about the management needs of the pineyards. During this visit, the methodology for
assessing forest structure that waised in the current study was developed. In November 2009, the
leadership of the project was transferred to tidEECRas the TCI governmentas dissolved due to
corrupt practicesand replaced bydirect rule from the UK. The funds previously allocated for

conservation activities were no longer available. Exesitu pine nurserywas transferred to the

5



Government farm on North Caicos. April 2010, funding for the CPRP was secured from the
Overseas Territories Environment Programme (OTEP) for the follovieg years. The monitoring
plots establisheds part ofthis study will maintained by the OTEP funded CPRP pyejébtthe aim

to continue the project at least until the Caicos pine has made a full recovery.

2.5.Rare and Endangered Species in Pineyls

The pineyard habitat in Turks and Caicos is known to support several rare or range restricted species
(Hamiltonet al., 2010, DECR, 201@®ehaps the most well known ¥ A NIi f | Y R Qeéndrdich ND £ S NJ
kirtlandii Baird), a songbird of North America thatinters in the Bahamas archipelagbis unclear

to what extent the birds depend on pineyard habitat during the winter, and it is possible that habitat

loss in the pineyards may be the dast impediment to theNBE 02 GSNE 2F YANIf I yRQa
2010) ¢ K S capphdR ® Qrefer pineyardgsue to the similarity of the habitat to that of their

summer breeding ground$ianeyet al, 1998 YA NI f I yRQ& 2 Nbf SNA Yl & RS
of the Bahamas archipelago, and their recovery may be threatbyedtie changes in the frequency

of fires or loss of pineyard habitat (Miller, 2007).

Several plant species endemic to the Bahamas archipelago (suthbabuia bahamensiBritton,

and ThouiniadiscolourGriseb) are found in pineyard habitat (JNCC1@QK 2 6 SOSNJ 2y f & 2y S
nine endemic plant species has preusly been recorded in the pigards. A new population of
Stenandrium carolingea small rosette forming herb was discovered by researchers from the CPRP

on the fringe of Conch Bar pineyard Middle Caicos in 2009H@milton et al., 2010. New
populations were also discovered outside the pineyards, leading to questions regarding the
distribution of S. carolinagits preferred habitat and appropriate conservation status. It is also
important to dscover the extent to whicls. carolinaeelies on the TCI pineyards to provide suitable

habitat, as this may provide an additional reason for conservation of the pineyards of the TCI.

2.6.Habitat Suitability Modelling

When considering the distributionf endangered species, it is common to have relatively sparse
information available, with much of the geographically referenced information available in the form
of presence records, such as a herbarium specimen. True absence records are rarely cshected,
any method that requires only presence data to predict suitable areas of habitat for a species is

highly valuable, particularly in situations where data are limited. Habitat suitability models use a
6



limited number of occurrence records to infer thetdigution of suitable habitat for a species based
on the environmental conditions at the points of occurrence (Phikipsl., 2006). The resulting
models can be used to guide conservation planning and targeted surveying of the modelled species

to areas @ high predicted likelihood of occurrence (Williams, 2009).

Habitat suitability models do not predict species occurrence. Important ecological factors are not
considered, such adispersal range. A speciesay be absent from suitable habitat that it cain
reach (Lahoz Monfort, 2008). A habitat suitability model uses a limited number of environmental
variables, and the resultant model is limited by the quality and appropriateness of these variables
for explaining the distribution of the species in quentibahoz Monfort (2008) showed that climatic
and topographic variables were of little use in modelling suitable habitat of the Alaotran gentle
lemur Hapalemur alaotrens)sdue to its small range and the lack of variability in the topography of
its habitat Williams (2009) drew similar conclusions when selecting environmental variables for

habitat suitability modelling of endemic plants in TCI.

Austin (2007) highlights the importance of appropriate data resolution when attempting to apply a
model. 9mall s@le factors (for example microclimatejay contribute toa speciesability to survive,

but are igrored due to lack of dateor preference for a larger scale environnarpredictor (such as
climate);their absence will bias the resultant model. In genéeains, the choice of predictors used

for model development will affect the result of the final model (Philépal 2006).

The sample size of occurrence records will also influence the resultant model. Petedof2007)
analysed the ability of a nuel to predict species occurrence when using sample sizes of less than
25. They found that a model based on the principle of maximum entropy could still make statistically
significant predictions using sample sizes of less than 5 when validated usindr@f@approach.
However, caution must be taken when interpreting model results, especially with such small sample

sizes.

2.7.Maximum Entropy Modelling

One method for habitat suitability nuelling is the maximum entropgpproach. This involgea

simpleunderlying principlefind the probability distribution of maximum entropy (the distribution

Ot 2aSaid G2 dzyAFTF2NXYOX O2yaA0N}XAYSR 08 SY@ANRBYYSyYll
expected values of these features under the predicted distributimst equal their averages. This is

7



explained further in Philipst al.(2004) and Philipst al.(2006) who devised the software MaxEnt

used in this study.

The main output of MaxEnt used to evaluate the model is the AUC (area under the receiver
operating characteristic curve). This is used as it does not require the selection of a threshold to
convert the continuous prediction of the model into a binary prediction. The AUC provides a
thresholdindependent evaluation statistic of model performance (Lahamfdrt, 2008).To explain

the AUC, one must explain receiver operating characteristic (ROC) curves. These were originally used
in the 1940 to process signals; one modern use @bitat suitability modelling. AROC curve plots

a true positive value (seitivity) against an omission error or false positive value (specificity) for all
possible thresholds. The ROC curve shows the relationship between the proportion of known
presences correctly predicted as present, and the proportion of observed absenedistpd as
present (Lahoz Monfort, 2008). The AUC, the area under the resulting curve measures the
probability of the model correctly classifying a random presence or absence pointefitRA006).

The total ROC curve values sum to 1, so an AUC ofchtesl a perfect prediction, while an AUC of

0.5 indicates a prediction no better than random. Eéthal. (2006) suggest a minimum AUC of 0.75

in order to accept the prediction of a model. Since MaxEnt only requires presence data, yet
specificity relieon absence data, it must be calculated using psealogence data that consist of

random background points (Phillips et al., 2004). The probability output from MaxEnt is therefore

v

always less than 1, since cells with no occurrence localities must be ®tdr@ R ' a Wy S3 I (

examples (Wilegt al.,2003).

2.8.Conservation Assessments

The International Union for Conservation of Nature (IUCN) Red List of Threatened Species provides
the most comprehensive and rigorously compiled information on the conservatiatus of plant

and animal species in an easily accessible format (Rodreguas 2006). For around 50 years, the

IUCN has assessed and listed threatened species, developing the Red List Categories and Criteria in
1994 and revising them in 2001 (IUCXD01). This is a quantitative method for assessing the
conservation status of species with clear data requirements that are not overly difficult to meet for
most species. The Red List assessments can be used to inform management of species or guide
policy makers in creation of appropriate legislation to better protect and sustainably utilise natural

resources (Rodriguex al.,, 2006).



A species need not be assessed under all criteria before being assigned a category. The criteria B1
and B2 are used to asss species on the basis of their small range. This is measured via two metrics,
the Extent of Occurrence (EOQ) and the Area of Occupancy (AOO). The EOO is the measure of range
found in most field guides; the minimum polygon that encompasses all knowrtspofnnatural
occurrence of the species in the wild. The AOO recognizes that the species may not actually be
present throughout the whole of the EOO and can be thought of as measuring the species presence
or absence when dividing the entire range into gsiglares. Williet al. (2003) recommend using

the AOO for Red List assessments when large areas of unsuitable habitat are detected within the
AaLSOASEAQ 9hho

The Conservation Assessment Tools (CATS) extension for ArcView GIS software developed by Justin
Moat at RBGK uses the EOO and AOO along with the number of locations and number of
subpopulations to automate a Red List assessment within ArcView. These are only preliminary
assessments due to the need to set an appropriate grid cell size with which tdatalthe AOO,

and because other important factors such as the presence of unsuitable habitat are not taken into

consideration by the software.

2.9. Study Site

2.9.1. The Turks and Caicos Islands

The Turks and Caicos Islands (TCI) are a UK OversetsyTlacated at the soutleastern end of

the Bahamas archipelago in the Atlantic Ocean, in the Caribbean rédgurd 2.2. The islands are
formed from limestone, with several outlying coral reefs. The TCI are very low lying; over half the
land area cosists of mangroves and other wetlands that are tidally inundated. Although there are
over 40 small islands and cays, the population (approximately 32,000 according to the 2006 census
(JNCC, 2010)) is distributed over a few permanently settled isl&ndgdenciales, Pine Cay, Parrot
Cay,North Caicos, Middle Caicos, South Caicos, Big Ambergris Cay, Grand T8 &agFigure

2.3). The climate is tropical and dry with easterly trade winds.
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2.9.2. The Pineyards of the Turks and Caicos Islands

The pineyards are one ad wide variety of terrestrial habitats in the Turks and Caicos Islands
(Manco, 2008)Thepineyards occur on three islands, Pine Cay, North Caicos and Middle Caicos. The
area of the pineyards varies gréabetween islands (Table 2)1See Appendix Tor maps ofthe TCI

pineyards.
2.9.2.1 Pine Cay

Pine Cay is a small island of about 324&thees with apopulation of less than 100 private
homeowners. The pineyard is a source of pride for the Pine Cay Homeowners Association and the
Meridian Club hotel; they support the CPRP partners in conserving the pineyard. Consequently, the
Pine Cay pineyd is currently relatively healthy compared to the other islands, witny living

mature trees and other growth stages present.
2.9.2.2 North Caicos

The North Caicos pineyard is commonly referred to as Bottle Creek when accessing it from the north
and Ready Money from the south, but is one continuous mosaic habitat. In the early part of 2009,
Ready Money was ignited by an accidental anthropogenic fire, causing mass tree mortality with little
to no seedling regeneration (Hamiltogt al., 2010). The PMPsere established in Bottle €ek

several miles away from thereaburnt in 2009

2.9.2.3 Middle Caicos

The pineyard at Middle Caicos, also known as Conch Bar pineyard is the largest of the TCI pineyards.
It was burned less than a decade ago (Hamilers. comm.); in conjunction with the scale insect,
causing almost total mortality of mature pines. Many seedlings germinated following the fire;

however these are now infested with pine tortoise scale so their survival is uncertain.

Table 2.1.Extent ofthe pineyards of Turks and CaicBeproduced from Hamiltoet al.2010)

Island Area (Ha)
Pine Cay 106
Middle Caicos 1150
North Caicos 467
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2.10. Study Species

2.10.1. Pinus caribaea var. bahamensis

Pinuscaribaeavar. bahamensiqGriseb.)W.H. Barrett & Golfar{Figures 2.4and 25.), known as

Caicos Pine in the Turks and Caicos Islands, is a subspdgiiessotaribaedorelet, endemic to the
Caribbean islands and par$ Central AmericaRichardson1998). In the TCI it is only fouh the

islands of Pine Cay, North Caicos and Middle Caicos. Miller (2007) describes the three varieties as
being delinated by cones, seeds and locatewever Farjon and Styles (1997) provide the following

key to the varietiesTable 2.2. P. caribaea var. bahamensss distinguished by having needles in
fascicles of 3 or occasionally 2, the mature sheathswhich are reduced from 120 to 10
millimetres in length. It can also be distinguished frear. caribaeaand var. hondurensidby the
conestalks which are alwaysne centimetre in length(Hamilton pers. comm.All three varieties

have unusually long fasackheaths and multinodal shoots, althougar. bahamensiss the most
variable of the varieties (Dieter and Nikles (199Ihis § an adaptation to the tropical climate
whereby growth can be halted if conditions are too dry (Earle, 2040)cients are preferentially
accumulated in the needles (Kadeba, 198%icos pine is the dominant canopy tree of the TCI
pineyards, forming operstands at altitudes of-10 metres. It occurs on alkaline soils; on North and
Middle Caicos in areas of eroded beach rock and on Pine Cay in sandier soil on old beaches (Earle,
2010) The species can grow to 30 metres in height, however maximum heigatwaasin the TCl is

about 8 metres.

Table 2.2Key to the varieties d?inus caribaeaReproduced from Farjon and Styles (1997).

1. Needles in fascicles of-§3, fascicle sheaths at maturity reduced in var.bahamensis
length from 1520 mm to 10 mm.
1. Needles in fascicles of-8], fascicle sheaths persistently-28 mm long. 2.

2. Seedlings with green, ascending primary leaves, in a few years repla var.caribaea
by secondary leaves.

2. Seedling with glaucous, spreading primary leaves, developofent var.hondurensis
secondary leaves delayed.

2.10.2. Stenandrium carolinae

¢ KS / I NP fStenariuin carolingkedhard and ProctgiAcanthaceaels one of nine species
endemic to the Turks and Caicos Islands (Correll and Correll,. T9#2yenusStenandriunNeesin
Lindl. contains 87 species distributed across North, Central and South America and Central Africa
(GBIF, 2010), howevéris unispecific in TCI. The leaves are thick and hairy, retidistn in colour
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and form a rostte lessthan 15cm in diameter which blends into the soil or dead leaf surroundings
to avoid herbivory(Figure 2.7 (Manco, 2010)lt is found on rocky limestone outcrops and steep
ridges in cracks between the rocks, and under a canopy of broadleaf tree siggdamolinaeis an
annual, appearing and flowering at any time of year after sufficient rain (Manco, 2010). The flowers
are approximately 1cm in diameter and resemble small vidleigure 2.& If pollinated, two small
seeds are produced in a dehiscent sale. The method of pollination is not known, while it is likely

that seeds are dispersed in water runoff during heavy rain.

= : Y =

Figure 2.4 A mature Caicos pine at Pine C Figure 25. A Caicos pine sapling in Con

suffering heavy canopy dage due to Bar pineyard. The heavy infestation
Toumeyella parvicornis Toumeyellgarvicorniscanbe clearly seen.

Figure 2.6 Flower ofStenandrium carolinae Figure 2.7 Growth habit and cryptic

13 colouration ofStenandrium carolinae



3. Methods

3.1. Permanent Monitoring Plot Establishment

In order to actively manage each existing population of Caicos pthe iiC|permanentmonitoring
plots (PMPs)were established on each of the three islands with Caicos pine (North Caicos, Middle

Caicos and Pine Cayhe establisment process is described below.
3.1.1. Treatments

Three plots were established in each population, eactebeive a prescribed treatent. These are
described in Table 3.The effects of the vegetation control were not seen during this study, since
the reaction of the pine trees to treatment will be delayed. The objective of this study was to
establish the PMPs, thus soap spray apfiicewas not undertaken and will be carried out by CPRP

staff in the future.

Table 3.1PMP treatment types and allocation.

Treat t Decription Recipient
reatmen p PMPs
Vegetation Vegetation will be cleared to a distance of 1.5m around each 369

Control tree inthe plot on a biannual basis.
Vegetation Vegetation will be cleared to a distance of 1.5m around each p
Control and tree in the plot on a bannual basis. Soap spray will be applied 1,4,7.
Soap Spray each pine tree in the plot on a quartethasis.

Control No management action will be undertaken 2,5, 8.

3.1.2. Site Selection and Plot Construction

In order to ensure the location of the plots was unbiased, a random number generator was used to
select three locations within a grid in ArcView, drawn to include an area of pineydhe ddrgest
possiblesizeon crown landchosen to enste access tahe site would be uninterruptedThe points
were a minimum distance of 3Detresapart. It was assumed that one of these sites woatthere
to the criteria inTable 3.2 and therefore be suitable for establishment of the CPRP permanent
monitoring plots. The following process was conducted on all islands with pine. Conch Bar pineyard
in Middle Caicos was visited first, so received plot numbers 1, 2 and 3. Bottle Creek pimeyard
North Caicos was visited next, so received plot number 4, 5 and 6. Pine Cay pineyard was visited
finally, so received plot numbers 7, 8 and 9.
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Table3.2. Rationalefor selection of PRP Permanent Monitoring Plot locations

Criterion Specification

Accessibility Plots must be on Crown Land

o Habitat of each plot must be considered Pine forest due (a) Presence of mature
Suitability _ _ _ o
trees (live or deadand(b) Presence of immatarpine trees (more than one livipng

_ Plots must besimilar in slope, aspect, soil type, substrate, and broadleaf plant
Comparability N _ _ .
composition on each island. These factors may differ between islands

Following random potential plot generation, tHeandheld GPS was used to navigate to the first
potential plot site. The site was assessed against the plot criteria and was ruled out if it did not meet
the criteria. If the potential plot was found to meet all the plot criteria, it was confirmed as a

permanent maitoring plot. The next potential plot was then assessed.

Before assessment, potential plots were delineated as follows. The centre point of the potential plot
was found using the GPS. The NE corner was found by measuring 14.3m NNE of the centre point.
Measurements were then made 20m S, W and N to find the other three corners. These were
confirmed or adjusted by measuring 20m E of the NNW corner to the first, NNE corner, by measuring
28.3m from the NNE to the SSW corners and likewise from the NNW to EheoB&rs. This ensured

the plot was accurately 20x20m before cairns were built at each corner to delineate the NS and EW

lines of the plot. A 3m pole was placed in the centre of each cairn to mark the each corner clearly.

Masonry line was tied to the coen poles to delineate the plot boundaries clearly prior to vegetation
clearance. It was removed once the plot was established. Surrounding vegetation (outside the plot)
was then cleared to a distance of 2m around each plot to act as a fire break ang didarkate the

plot.

The second potential plot was then delineated by measuring 2m S of the SSE corner of the first plot.
The process was then repeated for this and the third potential plot. If a configuration could not be
found at the site whereby 3 aalfent plots could be established, the site was ruled out and the next

potential plot site was located using the GPS.

3.1.3. Recording Permanent Plot Data

A handheld PDA with integrated GPS was used in the field. Data were recorded directly into ArcPad
(E®RI Version 7.0.) andhereafter cleaned using BRAHMS (Botanical Records and Herbarium
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Management System, available to download from Oxford University http://dps.plants.ox.ac.uk/bol/).
A 2002 LandSat image was used as the base layer for all data colleudi@malysis. The projection
used for all GIS work wa¥GS_1984 UTM_Zone_19K clinometer was used to calculate heights
that could not be measured by hand. A DBH tape was used to measure BBk data recording
equipmentwere used for all field recordind\ unique identification number was assigned to each
plot (for numbering protocol sedppendix 2)The plots and the pine trees within them were then
assessed using the established monitoring critefiable 3.3 detailsthe data collection standards
relevant to the discussion. The full description of all data collection standards can be found in

Appendix 3

Table. 3.3Data collection standards for PMPs.

Variable Description

The averagéeightof vegetation in the PMih metres Estimated by
eye to the nearest 5%.

Canopy Density The percentage canopy cover of vegetation in the PMP. Estimated
eye to the nearest 5%.

Ground Cover The percentage of ground covered by vegetation. Estimateglybyto
the nearest 5%.

Level of Pine Tortoise The average level of scale infection in the PMP. Measured on a scal
Scale Infection ¢ 5; 0 being scale free; 5 being scale covering every pine tree in the

Height of Canopy

The average levelf pine tree canopy loss in the PMP. Measured on
Level of Canopy Damag _ _ )
scale of @ 5; 0 being no canopy loss; 5 being total canopy loss in the
PMP. Dead trees were included in the assessment.
The coverage of sooty mould, recorded as a percentage dbtakleaf
Sooty Mould Coverage _
area covered by mould. Estimated by eye to the nearest 5%.
Height of the Tallest Tre« The height of the tallest pine tree in the plot in metres.
The diameter at breast height (1.72m) of the tallest pine tree in thé p
in centimetres.
The amount of burnable fuel present in thentre 1nf of the plot,
expressed as a percentadestimated by eye to the nearest 5%.
Compiled list of the fuel types found in the centre 4ohthe plot
Fuel Types Agreed termawvere: Fine, Leaves, Grass (dead), Sticks, Limbs, Wood

Palm, Shrubs, None.

DBH of the Tallest Tree

Fuel Level

3.1.4. Recording Data for Trees within Permanent Plots

Eachliving pine tree in each plot was tagged with a metal tree tag affixed to a branch with wire, or

to a rock at the basef the tree if it had no suitable branches. The tree tag number was used to
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generate a unique identification number for the tree. The location of each tree in each plot was
measured in reference to the plot boundaries and was plotted in the existing GPRRvith
reference to the unique identification numbeA photograph and HNA samm@ for each tree in
each plot werdgaken for furher studies, linked to thenique identification numbefor each tree

For the purposes of this project, a seedling wasrisfias any Caicos pine <lmh#ight, a spling as

>1m and with a DBH of <4cm, and a tree as having a DBH of >4cm.

Table 3.4 Data collection standards for individual trees.

Variable Description

Level of Pine  The level of scalmfection on the tree. Measured on a scale af 5; 0 being
Tortoise Scale

_ scale free; 5 being totally infested.
Infection

Level of Canopy The level of canopy loss to the tree. Measured on a scale; &f @ being no
Damage canopy loss; 5 being total canopy loss.

Sooty Mould The coverage of sooty mould, recorded as a percentage of the total leaf a
Coverage covered by mould. Estimated by eye to the nearest 5%.

Tree Height The height of the tree in metres.

The diameter at breast height (1.72m) of the treeéntimetres. For saplings

Tree DBH and seedlings that did not reach 1.72m, the diameter 4cm from the base ¢
the tree was measured instead.

Number of The number of branches on the tree. Branches were defined as any lig

Branches growth off the mainstem/trunk.

3.1.5. Recording Permanent Plot Structure and Species Composition
3.1.5.1. MP ForestStructure

Each PMP was assedsusing the pointentred quarter methoddescribed byCottam and Curtis
(1956) andPollard (1971) (Figure 3.1.) Since the diameter of the PMPs was 20m, the maximum
recordable PCQ distance was 1Q@poarterswith no trees <10m of the plot centre were recorded as
empty, and correction factors were used to account for this when calculating stand déwsiinde

and Petanka, 1981) It was recorded whether or not the tree was living, and dead trees were
included in the analysig.he process was repeated for saplirgsl for seedlings, but data were not

analysed due to a lack of comparable data for the rest of the pimkyar
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Legend

% Centre sampling point
= Compass lines
= Distances <10m recorded

W E == Distances >10m not recorded
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S

Figure. 3.1Pointcentred quarter sampling methodology.

3.1.5.2 PMPSpecies Composition

A full species list was compiled for each PMP utilising the expertise of B. N. Manco. The species
present in the centre 1Aof each PMP were also recorded agigien a subjective dominance rating
of 1-5. Dominance ratings were not included in the analyses due to lack of comparability between

species.
3.2. Plot Data Analysis

Data wereanalysed in Microsoft Excel 20@7d R Single factor Analyses of Variance QAM\s) were

used to compare three PMPs within a pineyard, and means of those PMPs with one another
between pineyards. The results of ANOVAs showing signifitiiatences were analyseposthoc

using¢ dz] SeQa | 2y Said { A 3ies® o inulthléd ARSNID gadnfledd | { 50
tests assuming unequal variances were used to compare PMP data to CPRP data for the rest of the

pineyards.
3.3.Stenandriumcarolinae Sampling Transects

Fieldwork wagarried outover one weekduringJune and Julg010. Due to limited time availability
Middle and North Caicos wetthe only islands sampledthough presence/absence transects are
relatively simple and have been used in many studies, the specifics of the following methodology

were develped and tested bywilliams (2009 A transect length of @ metres with assessment
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points every 50metres was used. This providech§sessment points per transect; each assessment
point was a quadrat atOx10metres. In dense habitat this wasmetimes difficult to achieve

Transect sites were chosen based on previous knowledde. adirolinae presence (Mancopers.
comm.). This will bias the final model output as the majority of known sites are on Middle Caicos and
are spatially autocorrelated-errieret al. (2002) recommad methods to address and correct for

autocorrelation in spatial models.

Upondiscovery ofS.carolinaealong a transectadaptive cluster sampling was conducted in a cross
pattern with units of 10x10 metres (Figure23. No environmental variables were recorded in this
case, as the aim of adaptive sampling was to estimate populationis&eindividualof S. carolinae
was discovered in an adjacent quadrathe adaptive samplingvas extended Kigure 3.3. The

criterion for cessation of adaptive sampling was the absence ofradiyiduak of S. carolinae

Figure 3.2 Adaptive cluster sampling design. Figure 3.3Extension of the network when
Green indicates detection of individual. anindividual is detected. Green indicates
Reproduced from Williams (2009). detection of individual.

Reproduced from Williams (2009).

3.4. Habitat Suitability Modelling

The software MaxEnt (Version 3.3.3a, available to download at
http://lwww.cs.princeton.edu/~schapire/maxeny was used to predict the distribution of suitable
habitat for Stenandrium carolinaacross the TCAssessment points taken in the field were used in
MaxEnt, these were a combination of presence points from transect data, adaptiveliag points,
minimum data points and species assessment points. Each data point included latitude and
longitude coordinates, and any duplicate points were deleted before the analysis. Nine predictor
layers were initially used in MaxEnt; distance to hocbast, east coast, south coast, west coast,
distance to roads, distance to settlements, Normalized Diffezeviegetation Index (NDVI), a digital
elevation map (DEM) and a Band6 layer. Tyers fordistances to coast, roads and settlements
were created by Williams(2009). The coastal aspect was included for each compass direction in

order to consider the impact of each aspect upon presenc&.afarolinagn isolation. NDVI was
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calculated and constructed as a raster lagethe RBGK GIS Unit. NDVI isegated by calculating

the difference betweernthe nearinfrared and visible reflectances divided by the sum of the two
(Defries and Townshend, 1994). This gives an indication of the photosynthetic activity of the
vegetation and can therefore by used tdentify different land surfaces and vegetation types
LandsatTM Band 6 thermal data weralso used as a predictor layeBand 6 measure the
reflectance of water on a surfachat uses the thermal infrared spectrum (wavelength interval
10.40Mm H ® p n > idicatéssbiRmoisturecontent (Southworth 2004)The DEM layer was provided

by the RGBK GIS unit, but is unlikely to significantly contribute to the model predictions due to the
lack of topography and low lying nature of the TCI (Williams, 2009).

MaxEntmodels were used to produce predictions of suitable habitat SorcarolinaeAll models

were produced using 75% and 25% testing data, with a maximum of 500 iterations, 10,000
background points and a convergence threshold of 0.0001. After the initialat#dibbrof the model,
crossvalidation analyses were performed using 15 replicates, since AUC is shown to increase with
the number of replicates (Phillipst al, 2004). Jackknife charts were used to compare the
contributions of individual predictor veables cee Appendix ¥ Initial runs showed a contribution to

the prediction of the distance to roads and settlements layers that were deemed to bias the
prediction, since sampling data weaetocorrelated with roads and settlements due to access issues

in thefield. These were subsequently removed from the models, leading to an increase in the AUC.

The final model was selected with the objective of maximising the AUC. Model output was imported
into ArcView and converted from a graduated probability map toimaty prediction with a
minimum presence value comparable to the occurrence pointNmmth Catos. Pineyardextent
(mapping of which is detailed in Hamilteh al., (2010)) which are shown #&ppendixl were added

to the map to visually assess overlap between predicted suitable habitat and pineyard extent.

3.5. Conservation Assessments

The Coservation Assessment Tools (Cpa@&ensionfor ArcView GIS software was used to calculate
the AOO and the EOQ@rfStenandrium carolingein order to assess it under the Red List criteria
(IUCN, 2001). Ehgrid square size, used by CAT8e calclation of the AOO was set to 2Rnihis

is the IUCN recommended grid siZegrid size of 3kfmwasrecommended by CAT® was tested,
but not used for the final output sincthe resultswere unaffected Due to the limitedtemporal
information available, the IUCN criteriomostappropriate for Red Listing. carolina@vas criterion B
(IUCN, 2001).
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4. Resuls
4.1. Permanent Monitoring Plots

Table 4.1.shows the significance of environmental, seadtated and forest structure related
variables in the CPR&ermanent nonitoring plots (PMPs) between pineyardé.dz] Sé Qa | { 5
showeda significant difference in Canopy Height of PMPs between Conch Bar Pineyard (CB) (M=2,
SD=0, N=3) and Pine Cay Pineyard (PC) (M=7, SD=1p&=B}5 This is also true for Height of
Tallest Tree (CB (M=1.38, SD=0.2104, N=3), PC (M=7.28BXAD=0l=3); §=0.05 and Diameter at
Breast Height (DBH) of Tallest Tree (CB (M=3.5, SD=0.8660, N=3), PO7(M5132.7465, N=3);
p<=0.05 The statistics demonstrate the significant difference in size and maturity between trees in
CB and PC. The single factor AN@MA showed a significant difference in Scale Infestation Level of
PMPs between C@1=3, SD=0, N=and PGM=2, SD=0, N=3)<= 0.05.

Table 4.1. PMP Data - comparisons between pineyards.

. . Summary Statistics Single Factor ANOVA Results
Variable Pineyard . -
N Mean Variance MS F Significance
Conch Bar Pineyard 3 2 0
Canopy .
Height Bottle Creek Pineyard 3 6.67 9.33 3.44 6.81 0.05
Pine Cay Pineyard 3 7 1
Conch Bar Pineyard 3 6.67 8.33
Canopy  pottie Creek Pineyard 3 10 25 1111 1.75 NS
Density y ' '
Pine Cay Pineyard 3 5 0
Conch Bar Pineyard 3 31.67 8.33
Ground :
Cover Bottle Creek Pineyard 3 80 25 3056 91.91 NS
Pine Cay Pineyard 3 88.33 58.33
Scale Conch Bar Pineyard 3 3 0
Infestation  Bottle Creek Pineyard 3 2.33 0.333 0.11 7 0.05
Level Pine Cay Pineyard 3 2 0
Conch Bar Pineyard 3 5 0
Canopy . /
LoSS Bottle Creek Pineyard 3 4 0 0 65535 N/A
Pine Cay Pineyard 3 3 0
Mould Conch Bar Pineyard 3 5 0
Lg\l/JeI Bottle Creek Pineyard 3 36.67 8.33 180.56  4.48 NS
Pine Cay Pineyard 3 28.33 533.33
Conch Bar Pineyard 3 1.38 0.04
HEIgt Of  Bittie Creek Pineyard 3 6.58 771 281 11.06 0.01
Tallest Tree y : : ' ' '
Pine Cay Pineyard 3 7.27 0.67
Conch Bar Pineyard 3 3.5 0.75
DBHOf  pottle Creek Pineyard 3 17 3439 1423 1058 0.01
Tallest Tree ) )
Pine Cay Pineyard 3 13.97 7.54




4.2. Individual Trees

There were no significant differences in individual tree data inRMPs between pineyards as can

be seen infable 4.2In the PMP at Conch Bar Pineyard (CB) on Middle Caicos, there were 341 living
pine trees, 332 (97%) of which were seedlings, while the remaining 9 (3%) were saplitigsPMP

at Bottle CreekPineyard BQ on North Caicos there were 15living pine tress, all of whichwere
saplingsin the PMP aPine Cay Pineyard (P@ Pine Caythere were47 living pine trees, 3 (83%)

of which were seedling4, (8.3%6) were saplirgand4 (8.5%) werenature trees

Table 4.2. Individual Tree Data i comparisons between pineyards

. . Summary Statistics Single Factor ANOVA Results
Variable Pineyard . .
N Mean Variance MS F Significance
Scale Conch Bar Pineyard 341 1.09 0.49
Infestation  Bottle Creek Pineyard 15 2.2 0.46
Level Pine Cay Pineyard 47 2.13 0.98 0.5 53.59 NS
Conch Bar Pineyard 341 1.23 0.52
Canopy Bottle Creek Pineyard 15 3.6 0.26
Loss Pine Cay Pineyard 47 2.44 0.99 0.56 117.43 NS
Conch Bar Pineyard 341 3.82 106.70
Mould Bottle Creek Pineyard 15 32.66 299.52
125.37 g N
Levels Pine Cay Pineyard 47 14.89 210.31 >3 63.73 S
Conch Bar Pineyard 341 0.32 0.05
Tree Height Bottle Creek Pineyard 15 1.98 0.38
. . 0.49 54.20 NS
(m) Pine Cay Pineyard 47 0.96 3.68
Diameter at Conch Bar Pirlweyard 296 0.94 0.40
Breast Bottle Creek Pineyard 15 1.83 0.51 210 064 NS
Height (cm) Pine Cay Pineyard 41 1.88 15.16 ' '
Number of Conch Bar Pineyard 339 341 15.24
umber o :
Branches Bottle Creek Pineyard 15 12.13 37.69 28.16 19.44 NS
Pine Cay Pineyard 47 4.02 120.19

Table 4.3.shows the significance of environmental, seadtated and forest structure related
variables in the CPRP Permanent Monitoring Plots (R&R)n pineyards.Significant differences
were found in scale infestatiorevel at CB between PMP W+£0.8, SD=0.62, N=96) and PMP 2
(M=1.25 S[>0.69 N=133); p<=0.001 The same was also true at BC between PMP 4 (M=1.83,
SD=0.41, N=6) and PMP 5 (MA2.SD=0.49, N=7p<=0.05 However, no gnificant differences in
scale mfestationlevel were found between MPs at PC. Significant differences in mould level were
found between PMP 1 (M=1.41, SD=5.11, N=96) and PMP 2 (M=5.56, SDN23®); p<=0.Q1
and PMP 1 and PMP 3 (M=3.84, SD=9.82, N=p¥2)).05at CB. Significant differences in the
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number of brancheper tree were found between PMP 1 (M=2.65, SD=4.31, N=96) and PMP 2
(M=4.23, SD=3.77, N=13pk=0.01 and PMP 2 and PMP 3 (M=3.12, SD=3.53, N=(142].05,at
CB.

Table 4.3. Individual Tree Data - comparisons between PMPs within pineyards

Variable  Pineyard PMP  Summary Statistics Single Factor ANOVA Results
No. N Mean Variance MS F Significance
Conch 1 96 0.88 0.38
Bar 2 133 125 0.48 0.46 8.28 0.001
Pineyard 3 112 1.09 0.53
Infestation Bottle : ° 18 017
Lovel Creek 5 7 271 0.24 0.23 7.90 0.01
Pineyard 6 2 15 0.5
e 7 6 15 0.3
ine Cay
Pineyard 8 20 221 1.03 0.96 1.41 NS
9 12 225 1.11
Conch 1 96 0.85 0.34
Bar 2 133 1.25 0.37 0.44 27.71 NS
Pineyard 3 112 154 0.63
cane Bottle 4 6 35 0.3
Losspy Creek 5 7 371 024  0.28 0.3 NS
Pineyard 6 35 05
e 7 6 25 1.1
ine Cay
Pineyard 8 29 252 0.97 1.02 0.30 NS
9 12 225 1.11
Conch 1 96 1.41 26.16
Bar 2 133 556  167.67 104.48 4.61 0.01
Pineyard 3 112 384 96.39
Lovel Creek 5 35  216.67 339.23 0.18 NS
7 6 21.67  706.67
Pine Cay
Pineyard 8 29 1259  122.54  208.80 1.16 NS
9 12 17.08  202.08
conch 1 9%6 0.32 0.07
Bar 2 133 0.36 0.05 0.05 2.09 NS
Pineyard 3 112 0.30 0.06
Height (m) | _Creek 5 7 198 0.20 0.44 0.11 NS
Pineyard 6 2 179 0.58
b 7 2.31 10.47
ine Cay
Pineyard 8 20 072 2.24 3.56 1.76 NS
9 12 0.90 3.81
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Conch 1 76  0.93 0.55
Bar 2 129 1.00 0.41 0.40 0.91 NS
Pineyard 3 91  0.89 0.27
Diameter
Diameter Botile 4 6 1.85 0.83
Height Creek 5 7 1.73 0.44 05729  0.2436 NS
(cm) Pineyard ¢ 2 215 0.04
e 7 6 4.62 44.34
ine Cay
Pineyard 8 24 1.8 10.23 14.5389  1.8552 NS
9 11 174 9.54
conch 1 96 2.65 18.57
Bar 2 131 423 1422 148767 5.1626 0.01
Pineyard 3 112 312 12.48
\umber of Bottle 4 6 11.83 44,57
Creek 5 7 13 48 427361  0.1743 NS
Branches )
Pineyard 6 2 10 2
e 7 6 11.67  333.07
ine Cay
Pineyard 8 29 262 81.82 116.3427 1.7616 NS
9 12 358  105.72

4.3. Comparisons between heyards and PMPs

Table 4.4showsthe results of ftests comparing data collected by the CPRP to the PMPs in each
pineyard. The CPRP data included that collected from Ready Money pineyarddéRbtjng the
southeast part of the mosaic of pineyard on North Cai¢osthis analysisdatafrom the PMP in BC

are compared to data from BC and RM, representing the whole of the North Caicos pineyard. Some
data from RM was collected after the site burnedeiarly 2009 (Hamiltoret al., 201Q so this was

excluded from analyses to avoid biasing thsults.

Most of the variables were significantly different between CPRP and PMP data, with only the
number of species present in the centre 4smowing no significant differences. The species richness

for the entire assessed plot was significantly défa between CPRP and PMP data for all pineyards.
Tabebuia bahamensian understory broadleaf species characteristic of Bahamian pineyards was the
most commonly found species, occurring in 42 (5.2%) CPRP assessment plots, with 45 occurrences
(8.3%) in thecentre 1nf, as well as in all 9 of the PMPs. Several other species also occurred in all
PMPs, aside fronT. bahamensignd Pinus caribaeasar. bahamensis these wereRhynchospora
floridensis (C.B.Clarke) H.PfejffAngadenia sagraeMiers, Ernodea serratdlia Correll Thrinax

morrisii, Erithalis fruticosd.. and Coccoloba uvifera. These species were also among those most
often recorded by the CPRP, and can therefore be thought to be characteristic vegetation of pine
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rocklands. Several variables are believed to reflect the status of CB as the most recently burnt
pineyard, (excludig RM) having burnt within the last decade. As can be sedialite 4.4.in both
datasets, CB wathe most species rich pineyard, suggesting it is in the early stages -afirfivax
succession, with a more open canopy promoting species divetdsingthe CPRP data, CB also has
the lowest canopy density, lowest amount of ground cover and highest amount of bare ground, as

well as the lowest fuel level and fewest mean fuel types.
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Table 4.4 Comparisondetween CPRP data and PMPs

Variabk Species Richness Species Richnes€entre 1 Canopy Height
Pineyard anch Bar Nor.th Caicos Pjne Cay anch Bar Nor.th Caicos Pjne Cay anch Bar Nor_th Caicos P_ine Cay
Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard
DataSource CPRP PMP CPRP PMP CPRP PMP | CPRP PMP CPRP PMP CPRP PMP | CPRP PMP CPRP PMP CPRP PMP
0 v Mean 2253 32.67 1440 2833 16.80 2367 324 667 232 467 515 367 462 2 5,58 6.67 3.9 8.33
%- g Variance | 20.55 14.33 4283 433 1089 6.33 572 433 225 433 6.03 133 505 0 6.96 9.33 6.09 233
2 3 N 15 3 15 3 15 3 122 3 71 3 20 3 122 3 71 3 20 3
. df 3 11 4 2 2 5 121 2 4
o t Statistic -4.09 -6.72 -4.08 -2.81 -1.93 1.72 12.90 -0.61 -4.26
# Significance 0.03 0.000 0.02 NS NS NS 0.000 NS 0.01
Variable Canopy Density Ground Cover Bare Ground
Pineyard anch Bar Nor_th Caicos P_ine Cay anch Bar Nor_th Caicos P_ine Cay C(_)nch Bar Nor_th Caicos P_ine Cay
Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard
Data Source CPRP PMP CPRP PMP CPRP PMP | CPRP PMP CPRP PMP CPRP PMP | CPRP PMP CPRP PMP CPRP PMP
- Mean 35.74 6.67 45.42 10 53.75 5 35,57 31.67 38.17 80 4525 86.67 4393 43.33 39.51 11.67 22 46.67
% % Variance 2710.1 833 3151.1 o5 5228.6 0 17;3.5 833 433{5.7 25 5647.0 33.33 12284. 1%(:)))8. 152320. 58.33 77;1.7 22:;3.
» < N 122 3 71 3 20 3 122 3 63 3 20 3 122 3 71 3 20 3
~ df 6 5 19 5 7 15 2 7 2
p t Statistic 13.01 9.92 9.48 1.90 -10.71 -6.59 0.03 4.54 -0.83
# Significance 0.000 0.000 0.000 NS 0.000 0.000 NS 0.01 NS
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Table 4.4 Comparisons between CPRP data and P(déts.)

Variable Infestion Level Canopy Loss Mould Level
Pineyard anch Bar Nor.th Caicos Pjne Cay anch Bar Norlth Caicos Pjne Cay anch Bar Nor_th Caicos P_ine Cay
Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard
Data Source CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP
0w v Mean 0.75 3.00 0.81 2 0 2 3.83 5 3.21 4 2.6 3 1.92 5 3.30 36.67 0 26.67
% g Variance 0.70 0.00 1.13 0 0 0 1.63 0 1.70 0 3.3 0 39.93 0 84.80 8.33 0 40:?'3
& 3 N 107 3 54 3 5 3 107 3 56 3 5 3 107 3 56 3 5 3
. df 106 3 65535 106 55 4
o t Statistic -27.85 -4.18 65535.00 -9.46 -4.51 -0.49 -5.05 -16.10 -2.29
* Significance 0.000 0.000 0.000 0.000 0.000 NS 0.000 0.000 NS
Variable Fuel Level Fuel Types
Pineyard anch Bar Nor.th Caicos P.ine Cay anch Bar Nor_th Caicos P_ine Cay
Pineyard Pineyard Pineyard Pineyard Pineyard Pineyard
Data Source CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP CPRP PMP
0 v Mean 47.17 56.67 54.58 88 61.5 86.67 2 6.33 2.06 5.67 25 4.33
;%:): § Variance 1139' 1328' lg%l' 58 12219' 53;'3 0.76 0.33 0.94 0.33 0.79 0.33
@2 N 122 3 71 3 20 3 122 3 71 3 20 3
. df 2 7 3 2 3 4
o t Statistic -0.45 -5.60 -1.66 -12.65 -10.24 -4.72
* Significance NS 0.001 NS 0.01 0.001 0.01
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4.4. Stand Density

Tables 4.5.and 4.6.showthe density of trees in pineyards and within PMPs respectively, calculated
from PCQ data Some quarters had no trees within 10 metres of the centre point. The percentage of
guarters missing data is shown below. This would reduce overallitdess it wasaccountedfor

using correction factors given in Warde and Petranka (1981). It can be seen that for both the

pineyard and the PP data, CB had the highest staaehsity, while PC had the lowest.

Table 4.5. Stand Density - pineyards

Mean Quarters . .
Pineyard Distance N Missing Co':r;(e;;:ct)lron TOtaI(rE%nSIty
(m) Data (%)
Conch Bar Pineyard 4.58 395 0.19 0.65456 0.0311
North Caicos Pineyard 4.60 213 0.25 0.5816 0.0275
Pine Cay Pineyard 5.2 49 0.38 0.44594 0.0165
Table 4.6. Stand Density - PMPs
Mean Quarters . .
Pineyard Distance N Missing Colzr;i;:élron TOtal(r?%nS'ty
(m) Data (%)
Conch Bar (PMP 1, 2, 3) 3.24 12 0 1 0.0954
Bottle Creek (PMP 4, 5, 6) 3.65 12 0 1 0.0751
Pine Cay (PMP 7, 8, 9) 7.49 7 0.42 0.40876 0.0073

4.5. Habitat Suitability Modelling for Stenandrium carolinae

Senandrium carolinaeassessment points recorded in the field were inputted into MaxEnt to
construct maps predicting suitable habitdigure 4.1shows the predicted suitable habitat f@.
carolinaeto the centre and north of Providenciales, North Caicos, Middle Caicos and East Caicos.
Figure 4.2.shows a binary predictive map of predicted suitable and unsuitable habitatSfor
carolinaeon Middle Caicos, overlaid with the boundaries of ®ench Bar pineyard. Some suitable
habitat for S. carolinads predicted to occur within CB; however a noticeable trend can be seen
whereby suitable habitat forS. carolinaeoccurs around the periphery of the pineyardhel
percentage contributiosof each wariablein developing the final modelre shown inTable 4.7The

model with the highest AUC was chosen as the fméput. The ROC curve for the final model is
shown inFigure 4.3 The test data and training data are a close fit, indicating the finaeincreates

a stable and accuratgrediction of suitable habitat, based on the chosen predictor varialitbdlips
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et al., 2006)Appendix4 shows the jackknife bar charts for training and test gain for the final model.
These charts illustrate the perfolance of the model removing each predictor variable separately

and also when using each predictor variable singly.

The first model produced included predictor layers indicating the distances to roads and distances to
settlements. This resulted in a moddiat predicted no suitable habitat on East Caicos, an island
lacking in roads and settlements. Since the search strategy involved accessarglinady vehicle

and on foot, most of the sampled sites were close to roads and settlements. These predieters

biasing the model unduly so they were removed from subsequent models.

The NDVI was the most important predictor of suitable habitatSocarolinaavith a contribution to

the final model of 39.7%. This shows that vegetation type (for which NDVieis as a proxy
measure (Defries and Townshend, 1994% similar for all recorded observations 8f carolinae
Distance to north coast and distance to east coast were also important predictors, with
contributions of 31.7% and 17.2% respectively. This shhatssuitable habitat forS. carolinads
primarily restricted to the North and East coasts of the islands. The least important predictor
variable was DEM. This is likely due to the fact that the TCI are relatively low lying; as a result

altitude has litte effect on environmental conditions that may affect suitable habitatSocarolinae

Table 4.7 Relative contributions of each predicteariable to the final MaxEnt model output.

Predictor Variable Percent Contribution
NDVI 39.7
North 31.7
East 17.2
West 4.2
South 3.8
Band6 2.7
DEM 0.8
Test AUC 0.977

Key: NDVE Normalisedifference égetationindex North = distance to north coadtast=
distance to east coast, Wesidistance to west coast, Southdistanceto south coastBand 6=

LandSaband 6thermal data,DEM = DigitallEBvationModel.
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Figure 4.1 Predictedenvironmental suitability oStenandrium carolinam Turks and Caicos.
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8. carolinae observations
Pine Rocklands

Suitable habitat for S. carolinae
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Figure 4.2Predicted suitable habitator Stenandrium carolinaith pinerocklandson Middle Caicos.
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Average Sensitivity vs. 1 - Specificity for Stenandrium_carolinae
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Figure 4.3 Stenandrium carolinagnal model ROC curve.

4.6. Conservation Assessment

Stenandrium carolinawas assessed using criterion B of the IUCN Red Data List (IUCN, 2001). Both
the extent of occurrence (EOG¥hich is given in Table # along with the sulteria met for this
assessment. It was felt that due to the extremely limiteddE@e small number of populations, the
vulnerability of some of the population locations and continuing development on North and Middle

Caicos, the subcriteria a and b(iii) were met, classifgincarolinaes Critically Endangered.

Table 4.8Preliminary Red Listitera and classification @&tenandrium carolinae

Criteria Description S. carolinae
B1  Extent of occurrence < 100 km 60.12km’
a Severely fragmented a
b(iii)  Continuing decline iarea, extent and/or quality of habita a

Classification: CriticaligndangeredCR Blab(iii)
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5. Discussion

5.1. Overview

TheCaicos Pine Recovery Project partnersvaneking to protectthe Caicos pine, the foundation of

¢/ LQa LIAYySel NR KI oAdl TodmegeNpartiidoBisandyfaZensire & itsa O £ S
recovery is managed in a magmappropriate for a fire dependerommunity. This study aimed to

establish permanent monitoring plots for the Caicos pine on each of the three Turks and Caicos
Islands where it amurs, and evaluate the degree to which the PMPs are representative of the
pineyards in which they are situated. The study also determined the distribution of a key TCI
endemic,Stenandrium carolinathat occurs within the pineyards, enabling its consgion status to

be assessed using the IUCN Red List categories and criteria (IUCN 2001).
5.2. Comparing Permanent Monitoring Plots

The data collected during the establishment of the PMPs encompassed variables related to abiotic
factors, the condition bthe Caicos pine trees, the scale insect infestation, pineyard species
composition, vegetation structure and fuels. In order for treatments to be applied to the PMPs by
CPRP workers in the future, the baseline data for the PMPs needed to be collectedl dake show

the degrees of similarity between the three PMPs in each pineyard, and between the pineyards.
Significant differences in canopy height, height and DBH of the tallest tree were found between CB
and PC dee Table 4.). These variables are albgitively correlated with one another, so it is
unsurprising that they show similar patterns of significance. The reason for the greater height and
girth of trees in PC is that the site has not burned recently, so the community has matured, while CB
has eyerienced a fire within the last decade (Hamilton, pers. comm.). Combined with the effects of
the scale infestation, almost total mortality of adult pines occurred at CB so the remaining trees are
mostly seedlings. BC appears to be in a-staje of succeson, since all pine trees there were
saplings. These differences should be borne in mind when comparing PMPs between pineyards.

It is important that the condition of pine trees in PMPs within a single pineyard is similar, in order for
the effect of treatnents applied to the PMPs to be measured from the same baseline. Were this not
the case, the relative effects of the treatments could not easily be compared with one another and
with the control plots. There were no significant differences between thestrethen comparing
pineyards, suggesting that the trees in each pineyard are in similar condition, and the intensity of the
scale infestation is similar between pineyards. However, significant differences in scale infestation

and mould levels were found beten PMPs at CB. This is an issue for future monitoring of the
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PMPs, since effects of treatments on scale and mould cannot be measured from the same baseline
in PMPs at CB. Instead, it is recommended that efficacy of treatment be measured in terms of
changefrom the original state of the plot. This would be an effective method for future analyses and
would allow a comparison between plots since the degree of change in mould levels could be
compared, instead of the actual mould levels. This holds true fehahNariables, even those which

are not significantly different between plots.

5.3. The Pineyards of the Turks and Caicos Islands

5.3.1. Species Composition

A full species list for each PMP was compiled and compared with the CPRP data. The spee#ss richn
was significantly higher in the PMPs than in the rest of the pineyards. This could be a consequence of
Y2NBE NAI2NRdzA ARSYGAFAOILIGAZY 2F |ff aLISOASa LINB
botanist, B. N. Manco was utilised at all PMBswhich the same cannot be said for all of the CPRP
data. However, if the PMPs are genuinely more speciose than the rest of the pineyards in which they
are situated, it is important to continue monitoring species richness in the PMPs, to detect changes
correlated with application of treatments. If a treatment such as broadleaf clearance around pines
were to cause some species to be lost, it would necessary to consider which species were being
cleared and in some cases leave a plant unharmed, such he tase of slow growing oligotrophs

such asPilosocereus royen{L.) Byles & G.D.Rowle¥ijllandsialL. spp. or EncycliaHook. spp.
Commonly observed species suchTabebuia bahamensisere present in all pineyards and PMPs
(seeAppendix Sor a full list) and are characteristic of the pine rockland habithe differences in
species composition in the centre fwf the PMPs did not reflect that of the entire plots, so cannot

be usedo make general statements about species compositiothefPMPs or the pineyards.

CB pineyard had the highest species richness. Since it has most recently burned (Hamilton, pers.
comm.), it is in an early stage of succession, characterised by high regeneration of pines and high
diversity of herbaceous speci@dS Fish and Wildlife, 2007). This provides an opportunity to obtain
detailed data showing successional process of the pineyard and the changing species composition at
each stage. For this reason, annual compilation of a full species list should be kedeitieally at

all PMPs but most importantly at PMPs 1, 2 and 3 at CB.
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5.3.2. Stand Density

Density of a stand of vegetation, measured by ascertaining the number of individuals in a particular
area may be studied by the use of distance sampling teclesigMeasures of density give an idea of
forest structure, which is important when studying fire prone habitats. The denser a stand of pine
trees, the more susceptible they will be to any fire that may occur. Estimates of density also have
implications forunderstory species, since the denser a canopy is, the less light and nutrients are
likely to be available for herbaceous species. Unfortunately, data was not available to compare
density of saplings and seedlings between the pineyards and the PMPs; hotéves less
important in a system where the majority of mature trees have died, as in the case of the TCI
pineyards. In this case, estimates of density were obtained using dead trunks and stumps as well as
living trees, so the density does not reflebetcurrent canopy coveiables 4.5. and 4.6how the

finding that density of trees was higher at CB than at PC or the North Caicos pineyards, suggesting
that it was the pineyard most susceptible to fire. A surface fire did burn the pineyard less than 10
years ago (Hamilton, pers. comm.). That the site is now in the early stages of sucseggjests

that the fire occurredat the correct time for maintenance of the pineyard habitath Q . X&LS v
2010).This can be seen in the abundance of seedlingbeasite, as well as the higher over species

richness previously discussed.

The fact that PC was the least dense pine yard is surprising given that it is not known when the last
fire occurred and that some areas are in a late stage of succession. THis masy have been
different if only living trees were included in the density calculations, as this would invariably
designate CB as the lowest density forest with very few remaining living mature adult trees. It can be
seen inTable 4.6.that forest dendly in the PMPs at CB and BC is higher than that for the
surrounding pineyard, whilshowsdensity in the PMPs at PC is much lower than that of the PC
pineyard(Table 4.5.)This was due to the absence of trees in some quarters of the plots. With only 3
PMPs at each pineyard, the total number of quarters was 12; however only 7 quarters had pine trees
present. This meant that a correction factor had to be applied to adjust for the missing trees (Warde
and Petranka, 1981). With such a small sample size, flieetedf missing a pine tree from a single
guarter was greatly increased. The sites could not be chosen to maximise the number of trees
present, since this would have invalidated the random selection of sites and biased the results.
Selection of sites wadsa restricted to crown land. At PC this was reduced to two narrow strips, the
first of which was deemed unsuitable, so the second site had to be selected for the PMPs. This site

was not the highest quality pineyard in terms of numbers of trees, with sareas having very few
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trees Gee Appendix 6 As such, the density estimate produced from the PMPs at PC was greatly
reduced. While the results obtained in this study may not show that the PMPs are typical of the
pineyard in terms of forest structure, theampling method used was effectivEhe PCQmethod
requires only 25% of the sample size neces$arynethods such as nearest neighbour or random
pairsto obtain an accurate representation of the true density of a standaovedt (Cottam and
Curtis, 1956) However, the minimum sample size necessary to obtain an accurate estimation of
density is still higher than that used in the current study. Pollard (1971) showed that requiring the
density estimate to be within 10% of the true value with a probabilitatoleast 0.95, the sample

size must be at least 386, regardless of the density of the forest in question. This could obhwbusly

be achieved in the case of the PMPs,by CPRP data fd?C. Thereforghe density estimates
produced by this studgannot ke expectedto reliably reflect the true density of the pineyards in
guestion.It is important to know the structure of a stand of vegetation when assessing the risk of
the habitat to fire. Hussaiet al. (2008) recognised that density, along with species diversity and
richness is a key factor that should be calculated in order to effectively describe forest structure. This
is pertinent in the case of a fire prone habitat such as that of the TCI. Efferéinagement of the

TCI pineyards can only be undertaken if the PMPs are protected against accidental or naturally
occurring fires. The denser the stand, the more easily a fire will spread across the pineyard once
ignitedd h Q. dudl,2008) so regulamaintenance of the fire breaks around the PMP perimeters

(Figure 5.1.)s essential to ensure longevity of the CPRP conservation activities.
5.4. Comparisons letween Pineyards and PMPs

Data collected by previous researchers working for the CPRP was used to represent the true state of
the TCI pineyards and was compared to the data collected in the PMPs. This shows the degree to
which the PMPs are representative of the pineyards in wHiely are situatedTable 4.4shows that

for at least one pineyard, significant differences between theRCB&a and the PMPs exist for all
variables except the number of species present in the centré. Tthis would initially seem to

suggest that the PMPa&e not representative of the pineyards in general.

The intensity and impact of the infestation of the pineyards with pine tortoise scale was measured
via the scale infestation level, canopy loss and level of sooty mould. The means of the variables were
higher in the PMPs than in the pineyards in every case, and this was statistically significant except in
the case of PC. Thisdsuld reflect a concentration of the infestation in the PM#s is more likely

due to temporal sampling differences. ThilP data was collected in 2010, while the CPRP data was
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collected throughout 2009. It is possible that the difference between the datasets is due to
intensification in the infestation this year compared to last year, alternatively it may be due to the
scaleinsect being high in numbers during the time of year of sampling for the PMP<; Mdy. The

sooty mould may also have built up over the year, in which case it would be highest at the start of
the hurricane season, which is around the time fieldworktliig study was undertaken. In any case,

the establishment of the PMPs has come at a crucial time, and future recording of these variables
within the PMPs will allow determination of seasonal variations in mould, scale infestation and

canopy levels, as leas detecting any intensification of the scale problem.

One general trend that emerged from both datasets was that CB exhibits several characteristics
typical of a pineyard in the early stages of succession, having burned most recently of the 3
populations of Caicos pine (Hamilton, pers. comm.). In addition to the higher species richness
already discussed, CB has the lowest canopy density according to the CPRP data, as well as the
lowest ground cover and higher amount of bare ground. The canopy denbkglyslower since the
mature trees at CB have experienced a high degree of mortality due to the combination of the
recent fire and more recently the attack of the pine tortoise scale and its associated sooty mould.
The North Caicos pineyards also expeced high mortality of mature trees; however the lack of
recent fire there meant that understory species were already at a stage of maturity at which a
denser understory existed than at CBhis has implications for future pine recruitment, since a fire
without the presence of a seed source of mature trees would not encourage pineyard regeneration,
instead killing off immature and sickly pines, hastening the conversion of the pineyard to a broadleaf

community(Pine Rockland Working Group, 2010)

The conparatively low ground cover and high amounts of bare ground at CB are also likely due to
the fact that species are recovering from fire, and so many are still immature. This relates to the fact
that fuel levels in CB are lower than elsewhere, for both @RP and PMP data. Fuel levels are
expended during a fire, and the presence of less living mature species means that fuel is slower to
build up again following the fir@Mitchell et al, 2009) The fact that PC and North Caicos pineyards
have similarly lgh fuel levels is explained by the gradual build up of faeloth pineyardsince the

last fires which wereso long ago as to be currently unknown. Fuel types are not as accurate a
measure of the state of succession of a community, as some fuel types.as palms or algae will
either be present or absent depending on environmental conditions; their presence is not
increasingly likely with increasing time since the last fire. If any trend is likely, it is that fuel types

decrease in number as the commitnenters a late stage of succession, since fuel types such as
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grasses may be outcompeted as vegetation matures. If sufficient time has elapsed, these fuels will

have deteriorated into fine fuel before they can be identified.

The degree to which the PMRan reliably be assumed to be unrepresentative of the pineyards is
uncertain, since the low sample of 3 inherent with the PMP data means that a single sample will
greatly affect the overall mean and variance, and therefore the likelihood of statistidgtificant
differences with the CPRP data. Compounding this, the CPRP data has a sample of 5 for PC, so the
analyses are better viewed as comparisons between various plots on the island of Pine Cay. They
cannot be used to assess the degree to which the #&tieurately represent the pineyards.order
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possible, particularly at PC. Methods should be kept identical to the ongoing periodic monitoring of
the PMPs (not including assessments of individual trees) in order to maximise comparability. While
the plots are likely to change in response to treatment, the control plots should not. It is important

to be able to compare the control plots to the rest ofetipineyard in the future, to determine
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Hgure. 5.1 A two metre wide firebreak Figure. 5.2Tree tag displaying unique 1D
dividing two PMPs at Conch Bar pineyard. number for a seedling at Conch Bar pineyar(
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5.5. Habitat Suitability Modelling

5.5.1. The Distribution of Stenandrium carolinae

Sampling forStenandriumcarolinaeoccurrence data was carried out over the course of one week
due to limited time availability following establishment of the PMPs. This was expected to limit the
sample size; however all previously recorded locations of the species were accessed fdthawing
advice of B. N. Manco arfd. carolinaewas discovered at all but one site. It was not possible to
access islands other than North and Middle Caicos; however suitable habitat was thought to exist on
South CaicosManca pers. comm.) Thefinal model ofpredicted suitable habitat foBtenandrium
carolinaeproduced by MaxEnt suggests that highly suitable habitat for the species is limited to the
central northern parts of Providenciales, North Caicos, Middle Caicos and East Eigjares 4.1).

Less highlguitable habitat is predicted to be present on other islands including South Caicos, Grand
Turk and Big Ambergris Cay. Providenciales is the most densely populated island and much of the
area there predicted to be suitable habitat has been developed, w&maining vegetation
introduced, landscaped or dominated by invasive species su€assarina equisetifolib.. As such,

it is unlikely, though not impossible th&. carolinaesshould exist on Providenciales. However, the
predicted suitable environmeal conditions indicate thatS. carolinaewas likely to havebeen
present on Providencialdsefore development occurred

Due to lack of time and difficulty of access, the present study did not involve surveying of East Caicos
for S. carolinaeLargequantities of intact habitat for TCl endemic species exists on East Caicos
(Williams, 2009)and the predicted highly suitable habitat f8t carolinaeon East Caicos suggests

that future botanical surveys there should it amongst the targeted species, théthpossibility of
discovering a new population. To a lesser extent this is true of South Caicos, although the final model

predicts less suitable habitat there.

5.5.2. The Preferred Habitat of Stenandrium carolinae

Suitable habitat folS. carolinags predicted to occur on Middle Caicos in andand the Conch Bar
pineyard (Figure 4.2. Whilst this is not the case on North or East Caicos, the results still have
interesting implications for the association 8f carolinaavith the pineyard habitat. It islear from

the current occurrence data and the model of predicted suitable habitat Satarolinads not
restricted to the pineyards of TCI. However, the limestone scrub in which it is found does occur in a
mosaic throughout the pineyards and arouncgtthedges. It is these areas that the model predicts to

be suitable habitat foS. carolinaeas can be seen iRigure 4.2 Barras and Kellman (1998) suggest
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that some species are suited only to transition zones between two vegetation types, but that the
microclimate within a vegetatio type may be the most importantleterminant of survival for
seedlings This may be the case f&. carolinagsince the canopy in limestone scrub is typically
denser than in a pineyard and so may provide a perfect microclifioat8. carolinaeFurther study
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Available environmental predictor data were not able to differentiate between conditions at such
fine resolutions such as those of differing microclinsatso such nuances of habitat preference were
not reflected in the final MaxEnt model. Only 7 predictor variables were used to produce the final
prediction of suitable habitatTable 4.7. This limited data would be expected to decrease the
performance ofthe model; however the average AUC in for the final madelained consistently
high (Figure 4.3, indicating the predictions were robust. Habitat suitability models generally
overestimate availability of suitable habitat due to lack of small scale Nda3a I NRAy 3 (KS
niche (Philipset al. 2006), thus the predicted suitable habitat showrFigures 4.1. and 4.2annot

be taken as a proxy for the distribution &. carolinaeAdditionally, the availability of suitable
habitat does not guarantee thpresence of the species, for example due to the limited dispersal
ability of many specied.§hoz Monfort, 2008Pearsoret al., 2007). The most important predictor
variable contributng to the final model was NDVI (Table 443 a proxy measure of vegéibn type,

the large contribution of NDVI to the final model suggests tBatcarolinaeis associated with
particular vegetation; namely broadleaf limestone scrub and thickEtgure work to refine the
model of suitable habitat fo8. carolinaeshould therefore focus on obtaining more spatially detailed

information regarding differing vegetation types.

5.5.3. Evaluation of Maximum Entropy Modelling

The final model produced fo8. carolinaeshows that even with limited predictor variables, a
consistently high and stable AUC value is obtairfédure 4.3.gJemonstrating the predictive power

of the model. However, the model only captures the predicted distribution of suitable habit&.for
carolinaeat one point in time. Land use changes such egetbpment, changes resulting from
anthropogenically caused fires, or the effects of climate change such as sea level rise and increasing
intensity and duration of storm surge mean TCI is a dynamic sy®famco, 2008) The distribution

of S. carolinaccamot be assumed to remain static in the future. Maximum entropy modelling is
limited in its ability to incorporate the potential for temporal and spatial changes in species
distributions; this is one of its shortcomings. In order to improve predictiongligie layers could

be added with data showing areas most under threat land use chatiggte change or invasion by
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invasivespecies. The suitable habitat of invasive species in TCl has been modelled and could be
incorporated as a predictor layer (Hardma2009). Expediency of species distribution modelling
could be developed in the future by improving key areas such as model selection, parameterisation
and evaluation Aradjo and Guisan, 2006). Pearsonet al. (2002) recommended the use of
mechanistic modis to incorporate climate change projections into prediction of species changing
distributions in the future. This would be useful r carolinags a species limited to few sites with

a very small overall range. These characteristics make it more ableeto a changing environment,

so predictions of changes in its distribution would be valuable to inforreptptive conservation

actions.

5.6.Conservation Assessment

The results of the preliminary red list assessmdrahle 4.8.showedStenandrium carlinaeto be
classified as Critically Endangered. The assessment was based on the limited EOO which indicates
that S.carolinaehas extremely restricted range and is therefore very vulnerable to threats such as
development or climate change. The assessma&as based on a limited number of occurrence
records and the final classification was affected by the degree of sampling effort. In order to
accurately estimate the EOO f&. carolinagthe edges of its distribution need to be found. If
additional samplingvas to uncover a new population 8f carolina@utside the currently estimated

EOQ the conservation assessment wid need to be repeated. However, Gaston and Fuller (2009)
suggest that with sufficient sampling effect, EOO can be calculated effectigelg, only occurrence

data. The AOO was also calculated by the @AfEmsion $ee Appendix)7and could have been used

to classifyS. carolina@s Endangered; however the EOO was chosen sincepbgap classification

of a higherthreat classification This is consistent with the precautionary principle adopted by IUCN
(IUCN, 2004). The EOO included areas of habitat not suitable. foarolinaesuch as the body of

water between North and Middle Caicodigure 710. in Appendix J. This resulted in an
overestimation of the range of the specieblAN justifies this overestimation by suggesting that it
accurately reflects the reduced vulnerability to threats that is granted with a range that extends
across several islands (IUCN, 2004). This is appropritie case of. carolinaeince catastrophes

such as hurricanes and threats such as storm surge or development are likely to do less damage to

the populations on North and Middle Caicos tha8.icarolina@xisted as one population.

Red listing o6.carolinaeas Ciritically Endangered may also provide the starting point for designation

of sites asimportant Plant Areas (IPAsThe IPA initiative seeks to identify sites of international
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significance for threatened plants and habitats (Plantlife Imégional, 2010). Any species Red Listed

as globally threatened qualifies a site to be an IPA, according to the Plantlife criteria for IPA selection

(Plantlife International, 2009). The criteria also state that any site designated as an IPA to protect

threatened species must contain at least 5% of the national population of that species. This is likely

to be the case for all known sites 8t carolinagsince only fousubpopulations exist (se&ppendix

7). With so few subpopulations, each is of great imtpace for the conservation @. carolinaend

is likely to contain much more than 5% of the species, thus designation of these sites as IPAs should

be initiated by the CPRP partner organisations.

Williams (2009) discussed in more detail the methodolafyusing a combination of habitat
suitability modelling and Red List assessments to designate IPAs for endemic species of TCI. The
same approach can be taken wigh carolinaeBoth habitat suitability modelling and conservation
assessments can be condudtasing occurrence records, without the need for absence data. As a
result, rationale for conservation action can be accumulated without labour intensive data
requirements. Williams (2009) recommended that surveys to collect data for predictive models
shoud include most varied environmental conditions inhabited by the species in question. In this
way, a more robust prediction of suitable habitat can be generated by models and a more reliable

estimate of the EOO can be gained for the conservation assessment

S. carolinags most in need of protection at Flamingo Pond Overlook on North Caicos where it occurs
in the rocky capark ofa cafe and view point. This precarious situation most likely arose due to the

persistence ofS. carolinaewhen the broadleaf |

limestone scrub vegation that originally existed
at the site was cleared to build the cafe a
gazebo now present. An opportunity is availab
here not only to protect the population b
prohibiting vehicular access to the site, but f
increase the tourism potential of the tei by [&& 'A
highlighting the population and providing visito

information onS. carolinae

Red Listing was deemed the most effecti

prospect for global conservation of a threatene

Figure5.3. Stenandrium carolinaim flower

at Flamingo Pond Overlook.

Addition of a species to the IUCNHdRLIist not only  Photo credit: M.A. Hamilton © the Trustees of the
Royal Botanic Gardens, Kew
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alerts the international community of its conservation status, but can be used by conservation
planners to develop site specific targetsafnoreuxet al, 2003 and to attract conservation funds
from organisations such as the Global Envinent Facility (GEF) (Hoffmamt al, 2008). Formal
addition of S. carolinago the IUCN Red List should therefore be undertaken by the CPRP partner
organisations. In addition to this, the DECR is well placed to instigate on the ground protection of the
limited number of known sites for this speciefieTrobust, quantitative data o6. carolinagyained

in the current study can be utilised to justify conservation policy decisions and influence

stakeholders to effectively conserve this key TCl endemic species

5.7. Conclusion

The permanent monitoring plots established during this study will be invaluable as a conservation
resource for halting the damage to TCI pineyards by the pine tortoise scale, as well as acting as a
long term source of data that w#inable greater understanding of the ecology of pine rocklands and

the issues involved in managing a fire dependent community.

Comparisons between the PMPs and data for the rest of the pineyards showed the extent to which
the PMPs represent the habitat aswhole, and recommendations were provided about which data
are most useful for guiding management of the PMPs once treatments and ongoing monitoring

commence.

Habitat suitability modelling and IUCN Red Listing provided quantitative dat carolinaethat
provide a strong rationale for implementation of protection of the few populations of this endemic

species in TCI policy and by physical protection of sites.

The establishment of PMPs for the Caicos pine is only one step towards its recovery. EfiPRPy
partner organisations must be sustained in the long term if the pineyards of TCl are to be well
managed as an important part of the national heritage, which includes the endemic species of TCI.
As the lead partner organisation of éhCPRP, the Department for Environment and Coastal
Resources is best placed to oversee the management of the pineyards and preserve the Turks and

Caicos Islands unique species and habitats for future generations.
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7. Appendices

Appendix 1. Extentof the Pineyards of the Turks and Caicos Islands

Reproduced from Hamiltoet al.(2010).

2420000 2421000 2422000 2423000 2424000 2425000

2419000

180000 181000 182000 183000

180000 181000 182000 183000

Figure 7.1PineyardExtentc Pine Cay.

184000

184000

185000

185000

186000

186000

187000

187000

188000

189000 190000

LEGEND

D Pineyard extent

Projection: UTM Zaone 191
Daturmn: WiGS 54

S

189000 190000

2423000 2424000 2425000

2422000

g
—
g
Iy

2420000

2419000

50



207000 208000 209000 210000 211000

2414000 2415000 2416000 2417000

2413000

Turks and Caicos Islands

2412000

2411000

207000 208000 209000 210000 211000

Figure 7.2PineyardExtentc Middle Caicos.

212000

212000

213000

213000

214000

215000

215000

216000

216000

217000

LEGEND

218000

D Pineyard extent

a
400 800

217000

1,600

218000

2412000 2413000 2414000 2415000 2416000 2417000

2411000

51



192000 193000 194000 195000 196000 197000 198000 199000 200000 201000 202000 203000

& -

400 €00
B N S

Projection: UTM Zane 19N

2422000

2420000

2418000

T

192000 193000 194000 195000 196000 197000 198000 199000 200000 201000 202000 203000

Figure 7.3Pineyard Extent North Caicos.

52



Appendix 2. Numbering Protocol for Permanent Monitoring Plots

Nine plots were established, allowing replication of 3 treatments ates st each site, the lowest
number plot is furthest northAt each site, the broadleaf clearance and soap spray plot is furthest
north. The control plot is situated between the active treatment plot$ie protocol at Pine Cay is
given as an example below.

Plot 7: Broadleafclearance
and soap spray

Plot 8: Control
(no treatment)

Plot 9: Broadleafclearance
only

Figure 7.4Number protocol aPine Cay PMPs 7, 8 and 9.
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Appendix 3. Caicos Pine Recovery Project Data Collection Standards

Field Name

Field Description

Unique identifier

Unique ID composed of "DDMMYY" + " " + "INITIALS" +"_" + "TYPE" +
NUMBER"

Collector or Recorder name(s)

Surnames first, followed by a comma and a space, then initials (uppercase) foll
by a full stop. In the field, initials can be used to save time then updated in RDE

Monitoring point number

Accepted numbefor a given permanent sampling plot/point

Type of record

Single letter to represent the type of botanical record (V=Voucher; O=Observati
L=Literature)

Coded category of material

Used to indicate the category of data/material you are describing.

Additional (team) collectors

Additional collectors should be entered here and each name separated by ;.

Kew Geographic Region

Use Kew herbarium geographic region code

Country of collection

Store valid country names here. For the UKOTSs this will beahee of the territory.

Major country division

The major division. For the UKOTSs, this is either the name of the Island the
specimen was collected on or it is left blank.

Minor country division

Minor area is a division of the country/island equivalentégion or a defined
boundary.

Gazetteer The gazetteer field is used to store the name of the nearest mapable place to tt
collection site. This may be a small town, a village, a spring. The smaller the plz
the better the resolution.

Sample area Size of sample area recorded in meters.

Habitat Description

Defined text description of the habitat.

Geology descriptor

Defined text description of the geology.

Soil/substrate for the collection site

Defined text description of the soil/substrate.

Latitude in decimal degrees

Use up to 8 decimal places

NorS

North or south of equator.

Longitude in decimal degrees

Use up to 8 decimal places

E orW

East or west of Greenwich meridian.

Datum used to record lat/long

Datum used by the GPS to record coordinates.

Lat/Long source code

Source of coordinate information: Label, Map estimate, 'GPS (before 2000)', G}
External Gazetteer, Internal Gazetteer, Literature, Quadrate Coordinates, Estinm
from gazetteer & bearingalculation.

Lat/Long units

Units that the Latitude and Longitude are recorded in.

Error Diameter in kms

The error associated with the Lat / Long, which is dependent on the source of tl
georeference.

Generated date field

Used by ArcPad tautomatically generate the date from calendar selection

Family

The family name appropriate to the Genus with capital of first letter only. If the
family is unknown leave blank.

Field for recording species

occurrence at a BAP/VAP/Transec

This field mustontain a validly published species name including the genus anc
specific epithet.

Common name (S)

Accepted common name. If there is more than one name, separate the names
a""

Local Name Free text description of the plant name given by locaige.
Language of local name Use accepted names (other than English)
Plant habit Tree/Sapling/Seedling.

Plant Description

Free text description of the plant in the following sequence: Life Form; Size; Le:
Stems; Flowers; Fruits; Bark; Other unigi& I NJ O S N& X

Flowering information

Record whether specimen is in flower/reproducing.

Fruiting information.

Record here whether specimen is in fruit/reproducing.

General notes

Record here any additional information that is not recorded elsewhere.

Frequency/Abundance Estimate

Using the ACFOR scale, record if the specimen is locally: Abundant, Common,
Frequent, Occasional, or Rare.

Number of mature individuals

Number representing the mature individuals.

Recruiting population

Indicates if species &iccessfully recruiting.

Height of Canopy

Number representing average height (meters) of vegetation surrounding collect
point.
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Canopy density/amount of sun
exposure

Number representing percentage of canopy cover of vegetation surrounding
collection mint.

Ground cover

Number representing percentage of ground cover of vegetation at collection po

Level of Disturbance

Number representing disturbance observed at/surrounding collection point.

Threats observed for this species

Description of anyhreats observed for the species in that locality. Refer to
standards

other notes on an invasive species

Free text notes on an invasive species

DNA collection

Indicates that material was collected to make a DNA collection.

Photos taken of the specimen

Indicates that a photo was taken when the collection was made.

Unique identifier of the photo
taken

Unique ID usually refers to the image number

Pine tortoise scale infestation

Indicates whether pine tortoise scale is present or absent from the plot.

Level of Pine tortoise scale
infestation

Indicates the level of Pine tortoise scale infestation on a scale from 0 to 5, with
being no visible scale and 5 being totally infested

Canopy damage caused by Pine
tortoise scale infestation

Indicates the amountf canopy damage due to Pine tortoise scale infestation on
scale from 0 to 5, with 0 being no visible damage and 5 being tree mortality

Sootymouldcoverage

Indicates the coverage of soatyould, recorded as a percentage of the total leaf
area coveredy mould.

Pine cone development

Indicates the presence and development of pine cones.

Fire damage to vegetation

Indicates the presence of visible fire damage on the vegetation within the plot.

Signs of recent fire

Indicates the presence of signsretent fire in the area.

Height of the tallest tree

Indicates the height of the tallest tree in the plot in metres

DBH of the tallest tree

Indicates the DBH of the tallest tree in the plot in centimetres. If tree shorter tha
DBH, a basal measurementZam is recorded followed by 'b'.

Height of tree from which DNA wa:
collected

Indicates the height of the tree from which DNA was collected, in metres. If tree
shorter than DBH, a basal measurement at 4cm is recorded followed by 'b'.

DBH of tree fronwhich DNA was
collected

Indicates the DBH of the tree from which DNA was collected, in centimetres. If 1
shorter than DBH, a basal measurement at 4cm is recorded followed by 'b'.

Notes specific to the plot

For fire structure plots, record the list gbacies present at the centre of the plot
and rank each with a number from5L with 1 being very little coverage (rare) anc
5 being total dominance of the area.

Amount of bare ground

Indicates the amount of bare ground present in the plot, expressedp@scentage

Amount of burnable fuel

Indicate the amount of burnable fuel present in the plot, expressed as a percen

Types of burnable material in the
plot

Compiled list of the fuel types found at the centre of the plot. Agreed terms are
Fine, Leave Grass (dead), Sticks, Limbs, Wood, Palm, Shrubs, None.

Height of the vegetation at the
centre of the plot

Height measured in metres of the vegetation at the centre of the plot.

Depth of the organic matter on the
ground

Depth measured in centimetres tfe organic matter at the centre of the plot.

Distance to the first tree in quartile
1

Distance measured in metres to first (nearest) tree in the first quartile (NNE) of
plot. If no tree within 10m, record 'N/A'

DBH of the first tree in quartile 1

DBH measured in centimetres of the first (nearest) tree in the first quartile (NNE
the plot. If shorter than DBH (broken off), record 'N/A'.

Height of the first tree in quartile 1

Height measured in metres of the first (nearest) tree in the first tilgafNNE) of
the plot. If broken off, record 'N/A'

Tree in quartile 1 measured to is
Live or Dead

Indicates that the tree measured to in the first quartile (NNE) of the plot is eithel
Live or Dead

Field for recording species
occurrence at a BAP/VAP/fisect

¢KA&Z FTASER Aa NBLIAOFIGSR 0APSD {t 9/
single recording point
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Appendix 4. Jackknife of MaxEnt Predictor Variable Contributions

Figure. 75. Thefinal modeltraining gain for each predictmariable

Figure 7.6.The final modelest gain for each predictor variable.

56












