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ABSTRACT

Hawksbill sea turtlesHretmochelys imbrica)aare severely depleted in the Wider
Caribbean Region due to over-exploitation, as aglhabitat loss and degradation. Hawksbills
typically rely on narrow, steeply sloping beaclastts for successful reproduction, making them
potentially vulnerable to sea level rise, strorgjerm cycles, and widespread coastal erosion
predicted to accompany contemporary models of ¢ldbaate change.

In response to the need for easy-to-use methagisdarstanding how climate change
will affect coastlines, and specifically how sudtange will affect wildlife habitats in coastal
areas, a “Sea Turtle Nesting Beach CharacterizMimmual” was created using hawksbill turtles
as a model. Some of the features considered iM#raial were beach width, vegetation,
lighting, sediment type and predation. While pdivg useful data on coastline change over
time, the Manual also serves as an educationatéduwdlp residents and property owners
understand how environmental change may influeimeenthabitability of coastline areas for
endangered species such as sea turtles.

This report demonstrates the Manual’s usefulnessatuating habitat suitability for
hawksbill nesting and vulnerability to climate clgarin Barbados, one of the Caribbean’s largest
hawksbill rookeries. The Manual itself will undergternational peer-review and be published
separately.
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Examining the Effects of Changing Coastline Process on Sea Turtle Nesting Habitat
Introduction

While the need to monitor coastline structure loag Ibeen understood, most such efforts
have been primarily in regard to the endangermemtam-made habitations. Within many
countries, there has been a net residential migrad the coasts, as well as high density tourism
development. Worldwide, including the Caribbead hatin America, the coasts are the most
heavily populated areas (Hinrichsen 1999). Hunwivity along the coast leads to pressures
from factors such as population growth, industzetion, and resource exploitation, leaving
shorelines more susceptible to extreme weathertgyeelling and Uitto 2001).

As human populations increase along the coastpes tihe potential for coastline change and
its impact on human settlement and investment.Zlfg IPCC Fourth Assessment Report
(Pachauri and Reisinger 2007) warns that in addibodocumented levels of contemporary
shoreline erosion, climate change is expecteditmbr

More severe and frequent storm damage and flooding

Inundation, erosion, and recession of barrier besemd shoreline
Destruction and drowning of coral reefs and atolls

Reduction in biological diversity and possible ifiel extinctions

Loss of beaches, low islands, and spits

Loss of coastal structures, both natural and madeneand

Changes in the biophysical and biochemical prope«i the coastal zone

Methods for evaluating coastlines have ranged fvery simple to very complex.
Historically, records on changing coastlines haserbkept by using mapping techniques such as
surveys, permanent fixed markers and aerial phapdgr. Most such methods require a fairly
high level of expertise and often substantial co¥¥th the advent of inexpensive GPS systems,
costs are much lower but may still often requirpeziise beyond the capacity of largely rural
communities in developing countries.

The development of simple coastline monitoring radthshows promise in providing
useful data on coastline structure and as an edueatool to help local residents and property
owners understand how environmental change mayendle the inhabitability of coastline
areas. One such tool is the Sandwatch Manual (UWNES3005), which features simple data
collecting methods designed to be accessible to/gype of coastal community.

Existing tools, including the Sandwatch Manual, lareted to determining how environ-
mental change will affect human habitation. Ligkort has been put into tools that might
enable a better understanding of how coastlinegdharill affect biodiversity or natural habitats.
The development of rapid assessment methods teaserour understanding of how climate
change will affect coastal species, and particylandangered or exploited species, is needed.

Hawksbill sea turtlesHretmochelys imbrica)aare classified as Critically Endangered
(cf. 2007 IUCN Red List of Threatened Species) beeaf over-exploitation, primarily for
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international trade in shell products and localstonption of meat and eggs, as well as habitat
loss or degradation in Barbados (Begtsal, 2007) and globally (Meylan and Donnelly 1999;
Mortimer and Donnelly 2007).

Climate change, which is predicted to bring a nisgea level and stronger storms (IPCC
2007), presents a unique challenge for this spedngsh relies for egg-laying on sandy beaches
in tropical climes and on imperiled nearshore cogafs for food and forage (e.g. Horrocks
1992). Standardized methods for assessing thegaihysatures of hawksbill nesting habitat —
and how changes to this habitat may affect repribekisuccess — are necessary to inform
conservation and management.

Sea Turtle Nest Site Selection

Because sea turtles lack parental care, the suotassest is heavily reliant on the
suitability of a site selected by nesting femaleanfel and Mrosovsky 2005). Hawksbill turtles
show particularly strong nest site fidelity, witla@bean populations remigrating at ca. 2.5 year
intervals (Carr 1967; Richardson et al. 1999; Begjgd. 2007) to nest on the same beach year
after year.

How sea turtles assess the quality of their nestaimtat is unclear, although a few
studies have attempted to evaluate key charadtsrigt successful nesting beaches (e.g. Wood
and Bjorndal 2000). Features contributing to himghmprinting (Owens et al. 1982) and
homing capabilities have also been explored (Al&rdl, 1994) but, in the end, as Santos et al.
(2006) concluded, “Besides observations of nestfalelity, little is known about why sea
turtles prefer some beaches over others.”

Sea turtle nesting along a chosen beach is thaadig random for certain species
(Mrosovsky 1983; Eckert 1987) and non-random fbeat (Hays and Speakman 1993; Hays et
al. 1995). Most likely a combination of interagjiacological factors — including sand
temperature, particle size, water content, saliisiéynd softness, lagoon presence, beach length,
and beach height (cf. Miller 1985; Whitmore and 0nt1985; Kikukawa et al. 1999; Wood and
Bjorndal 2000) — play a role in the female’s choi@nthropogenic factors such as distance from
the nearest human settlement (Kikukawa et al. 18%8) also be important.

The following sections explore those features timbtig predominate in defining a
suitable nesting beach. These characteristicadecl elevation and slope, percentage organics,
moisture content (Horrocks and Scott 1991; WoodBjodndal 2000; Fish et al. 2005), wave
energy (Horrocks and Scott 1991; Beggs et al. 200)ble-free foreshores and sandy
approaches (Mortimer 1982), predators (Fowler 1$f#&Encer 2002; Spencer and Thompson
2003), sand compaction (Kikukawa et al. 1999; Mideal. 2003), vegetation (Horrocks and
Scott 1991; Lewsey et al. 2004) and sand tempe&réfanzen 1994; Wood and Bjorndal 2000;
Janzen and Morjan 2001; Kamel and Mrosovsky 2006a).

Hawksbill Sea Turtles in Barbados

Barbados, the easternmost Caribbean island (FiDure host to one of the largest
nesting assemblages of hawksbill sea turtles imider Caribbean region (Beggs et al. 2007;
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Dow et al. 2007). Like many island nations, iaismall and densely populated country with the
majority of its population and economic activitycocring on the coast (e.g. Fish et al. 2007).
Hawksbill turtles in Barbados have been studiedesthe late 1980s, providing valuable
demographic data over time (Beggs et al. 2007)naaking the island an ideal choice for the
development of a “Sea Turtle Nesting Beach Chariaetiton Manual.”
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Figure 1. Map of Barbados, easternmost Caribbdands

The consumption of sea turtle meat and productswi@sspread in Barbados until the
1997-2000 Fisheries Management Plan, developed tinel@egis of the 1993 Fisheries Act,
imposed a moratorium on the take of sea turtlescti@ 3(3) of this Fisheries Act set as a
management objective “to promote the protectionseovation and recovery of sea turtle
populations”, which Barbados has actively doneugtothe “indefinite prohibition of harvesting
and selling eggs and animals” but does not impfigitotect turtle’s habitat (Barbados Fisheries
Management Plan 2004-2006). Poaching is rare {g&in and Eckert 2006), and violations
carry a fine of B$50,000 (US$25,000) and/ or twargdn jail (Barbados Fisheries Management
Plan 2004-2006).

Sea turtle population status in Barbados has hieelies by the Barbados Sea Turtle
Project (BSTP), based at the University of the Wiediies, since 1992, previous to the enactment
of the moratorium in 1998 (Beggs et al. 2007). iDyithis time, collected data show an eight-
fold increase in nests and a reproductively agtimgulation estimated at 1250 females in 2006,
suggesting Barbados to have the second largesemnpokthe wider Caribbean (Beggs et al.
2007; Dow et al. 2007). The combination of reguiaiaws, scientific research and outreach
programs has contributed to the continued improvenmepopulation health for nesting
hawksbills in Barbados (Beggs et al. 2007).

The extensive fisheries regulations that exist utiie Fisheries Management Act have
worked well to protect the sea turtles while in ligados, but they do little to manage or safeguard
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coastal nesting habitat. Fortunately, numerouslige and other measures have been put into
place or proposed that aim at mitigating negatmpacts (Horrocks 1992; Government of
Barbados 2002). According to Brautigam and Ec806), the Integrated Coastal
Management Plan and the Coastal Zone Managememiréwde support through several
statutory and policy mechanisms for the manageifetotrtle nesting sites on the island,
including elements of beach management in relab@and mining, setbacks, vehicular beach
access, enclosures and fences, in addition tonm@pipand protection of littoral vegetation. The
Coastal Zone Management Unit reviews developmepitcgtions that propose lighting for

upper beach areas, and makes recommendationsvenppossible disorientation of nesting and
hatching turtles (Government of Barbados 2002).

Recognizing the need to protect critical nestingitad, a committee has been formed to
propose a restricted area for sea turtles on thih smast of Barbados through Section 15:
Coastal Management Act, 1998-39 (Government of &#wb 2007). The scientific, educational
and economic value such a restriction could prowdald assist Barbados in offering a
protected beach area that ensures vegetated,qiaek nesting habitat, stable beaches with no
physical obstacles, safe approach to and fromehety and approved recreational and
commercial uses considerate of sea turtle nesGogérnment of Barbados 2007).

Effects of Coastal Development and Tourism in Bddsa

The International Panel on Climate Change (IPC@rkaled that small island states are
very vulnerable and have a low adaptive capacithécadverse effects of climate change,
terming them a “very high-risk group of countri¢Belle and Bramwell 2005). Many Caribbean
nations have tourism dependant economies, incluglarados (Levy and Lerch 1991; Belle
and Bramwell 2005).

Barbados is predicted to grow from 6,255 touristnng in 2005 to 9,500 in 2010
(Barbados Tourism Investment Inc. 2006) — contriiguto a greater than 70% foreign exchange
grossed via the tourism sector (Barbados Tourisrastment, Inc. 2006). Travel and tourism
was estimated to contribute about 39.0% of Barb&toss Domestic Product in 2009 (World
Travel and Tourism Council 2009)

Because tourism dependant economies tend to bdyhdaveloped along the coast
(Belle and Bramwell 2005), growth in this secton exacerbate threats to coastal environments
and biodiversity. Beaches with hotels adjacernh&m are the most vulnerable to the predicted
effects of sea-level rise, which coincide with tbeest and narrowest beaches (Fish et al. 2007).
If small island nations fail to prioritize prevevgi management measures now, they may become
even more vulnerable to the consequences of clioketege (Lewsey et al. 2004; Belle and
Bramwell 2005).

Sheltered, leeward sandy beaches characterizetdyy slopes with calm sea entries are
preferred by hawksbill turtles in Barbados (Horeeakd Scott 2001; Fish et al. 2005), in
addition to the favorably warm climate (Belle ancghBwell 2005). As a result, more than 2,000
nests were laid per year in 2003 and 2004 (Beggbk 2007).
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The same features that are attractive to seasuatéealso attractive for tourism, and built
development can result in highly modified coassitetlored largely to the tourism industry
(Horrocks et al. 2001; Uyarra et al. 2005). Theldddos economy, being largely tourism-
dependent, has a pro-development government tppbsis the jobs and income equated with
growth in the tourism sector. Similarly, publicrpeption of the benefits of job creation through
tourism favors continued development. The not peeted result is that development projects
are favored over the preservation of sandy beachbeir natural state (UNEP 1996).

Among the most obvious results of built developredahg the coast are physical
barriers, such as sea walls and pavement (Lewi)260tat obstruct and may deter sea turtle
efforts to nest on a given beach. Also detrimeistéthe removal of fringe landforms like
vegetation that usually helps to stabilize beachdsn and coastal developments have been
implicated in the complete loss of native foreatjsing, among other things, increased runoff of
polluted effluent into the near-shore environmagsey et al. 2004). Less obvious results
include reduced hatchling emergence with beachldpweent (Richardson et al. 1999) and
avoidance of artificially lit beach sections bygchfemales (Witherington 1992; Salmon 2003).

Interestingly, Uyarra et al. (2005) found that istg in Barbados are most attracted to
terrestrial beach features (wide beach area artipaality) over marine aspects (coral reef
health and fish biodiversity), but showed a strongrest in the continued presence of sea
turtles. More than 80% of tourists surveyed regabthat they would not return to Barbados for
the same vacation price if there were to be aifobgach area with a rise in sea level (Uyarra et
al. 2005). Both a healthy coast and a healthy labijon of sea turtles would appear to be good
for the nation’s tourism-based economy.

Coastal Zone Management Framework in Barbados

Barbados has made attempts at addressing beadbnesosthe island since the problem
was first acknowledged in the 1970s. It was iftitian economic concern focused on coastal
(mainly touristic) development, and a Coastal Corete®n Project Unit (CCPU) under the
Ministry of Tourism, International Transport ane tBnvironment was formed to conduct a
conservation study to identify and provide datdeémonstrate causal factors. Government
realized the importance of such findings, and t#0, renamed the Coastal Zone Management
Unit (CZMU), became a permanent government agemd®5 (CZMU 2008).

The Coastal Zone Management Act, which “ensurechéoessary consultation took
place between agencies and the coastal unit”, nasted by the CZMU. Under the aegis of the
Coastal Zone Management Act, a Coastal Zone ManagieRian to “establish effective legal,
institutional and administrative framework to implent integrated coastal zone management”
was created to inter alia set national goals réledeenvironmental degradation and preservation
of the dynamic nature of the beach (CZMU 2008).

The Fisheries Act gives the Fisheries Division (igiry of Agriculture and Rural
Development) authority to manage the nation’s neaafiairs. The emphasis of the Fisheries
Division is ocean—based, including safeguardinglo@efs and maintaining commercial fish
yields; conservation of sea turtles, out of theawnat out of their jurisdiction. Therefore, in
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summary, sea turtle management responsibilitieslaeed between the Fisheries Division and
the CZMU. The Fisheries Division, Royal Barbadadid® Force, Barbados Coast Guard, and
Barbados Defense Force all have enforcement atigsofor laws relating to sea turtles
(Bréautigam and Eckert 2006).

Finally, the Barbados Sea Turtle Project (BSTRhatUniversity of the West Indies has
conducted, since 1992, an index beach monitoringrnam to document sea turtle population
health and trends. The BSTP also plays a largeincducating the general public about the
importance of sea turtle conservation.

The combination of progressive legislation, sciebased conservation efforts, and
public outreach has led to a reversal of declimogulation trends (Beggs et al. 2007).
Notwithstanding, with declining habitat quality dieecoastal tourism and further negative
effects predicted by global climate change modetsvéey et al. 2003; Fish et al. 2005 and
2007), the nation’s sea turtle conservation suesesgy mean very little in the long-term if
habitat protection measures are not put in place.

Objectives

This report discusses the relationship betweentabgsomorphology, suitable sea turtle
nesting habitat and coastal vulnerabilities to alienchange. Specifically, coastline seascape
change as affected by climate change and humanogevent, and the effects this will have on
sea turtles nesting success. Long-term conceing #fe ability of coastal sandy beaches to
sustain sea turtle nesting are confounded by argkliaek of understanding of what
characteristics are important to sea turtles dutiegnest site selection process. From a global
climate change perspective, understanding how vailhe these characteristics are (e.g. to sea
level rise) is vital.

The objective of this project was to develop a radttogy for evaluating the
vulnerability of sea turtle nesting beaches to atienchange. The methodology forms the basis
of a user-friendly manual designed to inform andoate coastal communities about how
changing coastlines affect biodiversity and beaciwéhk a focus on hawksbill sea turtles. Itis
hoped that the manual will encourage and empowgbkan communities to make efforts to
conserve sea turtle habitats most vulnerable tei@mand degradation.

The “Sea Turtle Nesting Beach Characterization Méinuas inspired by the Sandwatch
Manual {ntroduction to Sandwatch: An Educational Tool 8ustainable Development
UNESCO 2005) and was selectively tailored to encompass feat{e'g. grain size and

! The ‘Sandwatch’ beach monitoring scheme is a jaiitiative of two UNESCO sectors (Education and Nat Sciences,
through the Associated Schools Project networkthadCoasts and Small Islands Platform), the UNE®X@f@es in Kingston,
Apia and other regions and the University of Pu®imo Sea Grant Program. It provides a frameworkrehy students, with the
help of their teachers and communities, criticelpluate the problems and conflicts facing theadbeenvironments, and then
develop sustainable approaches to address thess.igs such, Sandwatch contributes to severaketsapf the Mauritius
Strategy, including those on Natural and envirortalestisasters (Chapter Il) and Sustainable capdeityelopment and
education for sustainable development (X1V), ad aglCoastal and marine resources (IV). The mamtralduction to
Sandwatch: An Educational Tool for Sustainable Dwaent by Gillian Cambers and Fathimath Ghina (UNESCO3)0
represents a contribution to the Decade on EdutéioSustainable Development, with discussionseamdy with partners in
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composition, animal presence, vegetation, debusydn activity, built structures, sea conditions)
that contribute to the success of sea turtle ngstimd incubation.

Methods

A thorough literature review of beach geomorpholagy sea turtle nest site selection
was carried out, taking into consideration the ptatdeatures and natural processes that may
characterize a potential nesting beach, as waleadurtle nesting and site selection behaviors.
The review identified coastal features that appede influential in nest site selection (see
“Nesting Beach Characteristics”).

To gain a better knowledge of the type of informiatihe Barbados Sea Turtle Project
(BSTP) collected and how it related to coastal taalguality, | served as a BSTP Research
Assistant during the summer of 2008. | observedesss laid in unsuitable locations were
relocated and, upon hatching, nests were excaeaigtheir contents sorted to determine hatch
success. The experience allowed me to familianyself with the coastal geomorphology of
the area and the sea turtles that come to ne&t, themwell as the social interactions that occur
between the turtles, locals and tourists. In aaltjithe experience gave me an opportunity to
asses data collection techniques in order to iffesitiengths and weaknesses that could be used
as a reference in the construction of the Sead ti#isting Beach Characterization Manual.

Finally, | conducted interviews with professionalghe field to obtain information on
issues pertinent to risk assessment and the desthe manual. Access to the resources
provided by the BSTP, as well as the Barbados-b@seithbean Development Bank, allowed me
access to existing beach characterization andusé@ nesting data. Together, the field- and
office-based research defined what data shoulalected on beach geomorphology and how —
information that was then used to design the maawdlensure that it was “user friendly”.

Survey Area

The highest density of hawksbill sea turtle nestimBarbados occurs along the west
coast, which coincides with the nation’s most hygiéveloped shorelines (e.g. Horrocks and
Scott 1991; Brewster 2002). Therefore, 16 wessttbaaches regularly patrolled by the BSTP
were involved in data collection: from north taufothese beaches are Maycocks, Six Men’s
Bay, Heywoods, Speightstown, King’s Beach, Gibbead®, Reads, Alleyenes, Heron,
Holetown, Sandy Lane, Paynes Bay, Crystal Covés Mitlage, Batts Rock and Brighton beach
(Figure 2).

the different regions on more holistic approachesliving several island ecosystems and habitatsi{tians, rivers, mangroves,
as well as beachesjttp://portal.unesco.org/es/ev.php-URL_1D=42966&URIO=DO_TOPIC&URL_SECTION=201.html
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Figure 2. Sixteen hawksbill sea turtle beaches wereeyed on west coast of Barbados in the
Caribbean Sea. Image adapted from Google Earth.

Horrocks and Scott (1991) defined a suitable ngdigach as one where “sand remains
exposed at high tide”, as nests would be lessyliteelvashout or become inundated by water.
Some studies expand the definition to include ameavhere a gravid female attempts to dig a

nest chamber, reflecting a female’s willingnesattempt to nest in less than ideal locations out
of desperation or inexperience (Santos et al. 2006)

The strong desire of gravid females to nest oragelieaches or areas in Barbados is
evidenced by observations of these females cravtiraugh barbed wire, into landscaped yards,
and through fences (E. Varela-Acevedo pers. ol38Y0Therefore, for purposes of this study,
“suitability” was defined as any beach where setesinest. The focus of this beach evaluation
being the ability to identify which shared charaistics make beaches “suitable”.
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Sea Turtle Nesting Beach Characterization Manual

The International Panel on Climate Change (IPCQQ0@1 stated that small island states
are very vulnerable and have a low adaptive capaxithe adverse effects of climate change,
terming them a “very high-risk group of countri¢Belle and Bramwell 2005). This leaves the
residents and biodiversity of Barbados particulastposed to the dangers that climate change
may bring. For this reason, and because Barbaaoa Btrong history of sea turtle conservation
and collection of sea turtle nesting data (e.gréttks and Willoughby 1987; Horrocks 1992;
Beggs et al. 2001, 2007; Horrocks et al. 2001; Eckad Horrocks 2002; Fish et al. 2005, 2007),
as well as records of its changing coastline (CZR2008, unpublished), the island was selected
for the development of a beach characterizationualahat other small island developing states
could use to document the state of their sea tnesting habitat.

A user-friendly manual is needed to assist in irdBge management of coastal beaches
(geomorphology) and biodiversity. As more Caribbésdands set integrative management as a
goal (e.g. CZMU 2009), it is hoped that this manuttie Sea Turtle Nesting Beach
Characterization Manual; hereafter, the manualll-offer a cost-effective tool for recording the
dynamic nature of the changing coastline and feces on sea turtle nesting and hatching
success by community members.

The public’s access and ability to collect suppaytilata will hopefully garner support
for management decisions, particularly concerningggrotection of sea turtle nesting beach
features. As an example of such a feature, diffdseach zones have different thermal
properties (Kamel and Mrosovsky 2005) and hawkslehibit a behavioral polymorphism
expressed as fidelity to specific microhabitatgétated vs. more exposed beach areas); such
behavior plays a large role in sex determinatidiosge.g. Kamel and Mrosovsky 2006b). Loss
(or alteration) of beach habitat which decreasegmioves certain microhabitats could lead to
unknown affects on females whose preferred haisitatt, as well as skew the sex ratios of
hatchlings.

The manual is intended to provide prolonged sedstata that can be used in evaluating
long and short term benefits to beach modificatind other management measures. Short term,
it is important that a beach be able to maintagititegrity of a nest for the 60 days it takes to
incubate developing hatchlings (Ackerman 1980)nd.term, those females that make it to
maturity will return to the beaches on which thegrevborn to lay their own clutches.

For the suggested frequency of use, the highly mlymaature of beach systems were
taken into consideration, realizing that changegbly occur over hours, days, months and years
(Cambers 1998). Therefore, as changes along tet bappen quickly and frequently, it is
suggested that the methodology outlined in the raldoel used once a month to account for the
monthly changes that occur throughout the yeathisffrequency of use is not attainable, then
guarterly measurements can be used to accountdgpral changes that occur at the coast.

In Barbados, the highest nesting activity occussifdune through August (Beggs et al.
2007), making these months particularly importanetfor monthly data collection of beach
characteristics and sea turtle nesting data. Kgegafety in mind, the frequency with which the
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manual is used may also depend on weather conglitiotieally, measurements should be taken
immediately after a storm to account for short-teffects.

The manual was both developed and field-testecanb&los; the methods were
implemented at 16 nesting beaches along the wast ob Barbados in July and August 2008.
Using BSTP data, the beaches with the highestnedgnsity were identified and all 16 were
ranked in order from greatest to least nestingueegy.

It should be noted that not all beaches receivegaral amount of patrolling effort;
however, those beaches which are not surveyeddariyabasis have already been established to
have a lower occurrence of nesting events, enabii@gatrol teams to focus on more active
beaches. Those with the highest density nesting s@nsidered to be the most “suitable” and
the features that appeared most likely to conteibatthis suitability were evaluated. Due to
time limitations, this report only considers datdiected in 2008 and evaluated for a rapid
assessment of Barbados beaches. Further minoowenpents and additions were made to the
manual after field testing it to more accuratelgamt for those characteristics most influential
in nest site selection.

The various degrees of urbanization along its coedte Barbados susceptible to damage
from strong storms (Brewster 2002). In order taleate possible climate change effects, special
attention was paid to the beach profile data ireotd assess the amount of beach area available
to nesting sea turtles. Climate change is expdotédng a rise in sea-level and an increase in
storm strength in the Caribbean (e.g. PachauriRaeisinger 2007).

The potential effect of sea level rise in Barbaldas been explored by Fish et al. (2005,
2008) but here we will explore the vulnerabilitydrbados’ coasts to an increase in storm
strength. The overlap of the nesting season watirtipical storm season may lead to storm
surges that decreasing the number of nests thalhchatch and lowering the number of
hatchlings to emerge from a nest (Pike and StiAé72 To place this into context, the
assumption of a Category 3 hurricane decreasinghbealth by 8.7 m, as occurred in Anguilla
after Hurricane Luis in 1995 (Cambers 1996), wasiag to Barbados beaches to see how they
would fare to such a storm.

Results

Nesting Beach Characteristics

Based on a literature review, the characterisisted below are deemed most influential
to the selection, by a sea turtle, of a suitabkting beach; each is followed by a short synopsis
of its relevance.

Beach profile Beach profiles track erosion and accretion eventthe beach. Beach
profiles reveal the topography of the beach. Tifisrmation allows the surveyor to have a
better idea of the physical topography of a be&tle. data collected for beach profiles may also
be used to extract beach elevation.
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Beach elevationElevation is thought to be the single most infiti@ nesting factor in
Barbados (Horrocks and Scott 1991; Wood and Bjdrdd@0). Elevation serves as a trade-off
whereby the cost of exposure to predation and gregended in search of a nest site is
balanced by the reproductive benefit of findingrasubation site with maximum hatchling
emergence success (Horrocks and Scott 1991; Wab&jamdal 2000). Sea turtles tend to nest
above the high water mark, to reduce the riskdaltinundation or egg wash-out (Fowler 1979).

Hawksbills have been found to be sensitive to dlemavhen selecting nest, preferring to
nest between 0.3 and 1.8 m (mean 1.1 m) above s&zalevel (Horrocks and Scott 1991). The
west coast of Barbados, characterized by steeppyrgl beaches with calm, low wave energy
entries, make this area the preferred nestingaiteawksbill sea turtles (Horrocks and Scott
1991; Beggs et al. 2007). These are the sameésdinund where hotels are located (Fish et al.
2005).

Beach width Beach width correlates well with the amount chdie space available for
sea turtle nesting. Similarly, wider beaches apeenattractive tourism resort locations and may
be associated with higher levels of human actiwitlyich, in turn, can disturb nesting sea turtles
and their young (Kikukawa et al. 1999). Moreo\beg closer a beachfront structure is to the
water, the more likely it is for artificial lightmto alter nesting and hatching sea turtle behavior
(e.g. Witherington and Martin 2000; Knowles 2007).

Sand softness (“50 cm hole”$and softness has been observed to be an importan
variable in that it may facilitate (or hinder) tBecavation of a nest chamber (Kikukawa et al.
1999). Beaches characterized by dry, coarse saateddifficult digging conditions for a female
(Mortimer 1990); later, successful hatchling emengeis correlated with nest depth and sand
compaction (Miller et al. 2003). The sand musbbsufficient “softness” and depth to enable
excavation of the egg chamber, which for hawksimllBarbados averages 50 cm deep
(Horrocks pers. comm. 2008). Sometimes what appedre a wide, vegetated and otherwise
“attractive” nesting beach may be nothing more thaeneer of sand overlaying rubble or
cement (Horrocks pers. comm. 2008) — by diggin@ arh hole, the surveyor confirms adequate
substrate depth (Parrish and Goodman 2002).

Boundary parameteBoundary parameters are defined by the nearektliiach (built)
structure on the beach — this parameter defined&t point the beach can erode.

Sand compositianSand samples can be evaluated as to color,stiape and sorting to
reveal origin, wave strength, and wave movementEBRO 2005). The difference in sediment
type could be revealing of whether a beach has beerished with a different sediment type or
if soil for vegetation has been added which. passible that nourished beaches are less
attractive to females and result in lower numbénsesting females per season (Steinitz et al.
1998; Rumbold et al. 2001) or affect egg chambmperatures, effectively altering sex ratios
(Hawkes et al. 2007). Studies have also shownseaturtles prefer areas with softer, looser
sand for their nests (Kikukawa 1999; Santos €2@06). Softer sand may imply that it is easier
to dig and that the hatchlings will also have lefsa struggle to surface after hatching (Horrocks
and Scott 19991). This is why the comments orddgree of difficulty or ease in digging were
noted.



Examining the effects of climate change on sedetudsting habitat by Elda Varela-Acevedo, MEM-CEMster’s Project p. 12

Sea defenseSea defenses are often constructed by landowwigrshe intention of
protecting their coastal property from erosionwadl as to conserve (or rebuild) sand. The
effectiveness, including cost-effectiveness, ohssicuctures is debatable (Turner et al. 1995;
Bray et al. 1997; Klein et al. 1999) and they temderve as an obstacle to sea turtles emerging
from the water in search of a nesting site (WitHz082).

Vegetation Hawksbills tend to prefer nesting close to oritlittoral vegetation (e.g.
Horrocks and Scott 1991; Lewsey et al. 2004). &lesbpen sand areas have been found to have
lower emergence success (Kamel and Mrosovsky 20@0&yetation may indicate beach stability
and a more predictable temperature regime, a kegbla for temperature dependent sex deter-
mination (Janzen 1994; Janzen and Morjan 2001; KanteMrosovsky 2006a). Documenting
plant succession through measuring the distance tine seaward line of permanent vegetation
to the high water mark, and any changes (temporspigtially) in type and condition of
vegetation present, provides a useful index oftaabuality.

Predation risk (crab holes perdn Beach crabs (e.Gecarcinus ruricola, Ocypode
guadratg prey on sea turtle hatchlings and can be a himdras the hatchlings journey to the
sea; crabs have been known to attack as many a®b08sts in a single nesting season (Fowler
1979). The amount and location of predators alag mfluence where a female decides to lay
her nest in high predation areas (Spencer 2002)cep@and Thompson 2003). Although certain
predators are natural to a nesting habitat, otrestgiors are invasive or exotic. Counting the
number of crabs per m2, and using that numberltulede crab density, can offer a proxy for
the number of predators a hatchling might faceth¢®indices may be used in areas where crabs
are not a major predator.)

Lighting: Hatchlings depend largely on a visual responsetaral seaward light to guide
them to the ocean; in zones of coastal developrsentces of artificial light distract hatchlings
inland, often to an untimely death. The same casalifor nesting females, who are confused
by, or turn inland toward, bright lighting. Resglademonstrates that certain wavelengths are
less attractive, and should be considered by dodevalopers whenever possible — a
comprehensive manual (Witherington and Martin 2G66uses on this and other
recommendations for resolving light-pollution preifnis on sea turtle nesting beaches. Studies
confirm that artificial lighting alters nesting patns on Florida beaches (Witherington 1992;
Salmon et al. 1995; Salmon 2003) and disorientshags (e.g. Witherington and Bjorndal
1991; Mortimer 1995). This has also been obsetodxk true in Barbados (Knowles 2007; J.
Horrocks pers. comm. 2008).

General observation®As each beach varies in specific features thghtmot be
accounted for in this manual, any observation skeaims applicable to sea turtle nest site
selection should be noted and, if possible, medsover time.

Measuring Nesting Beach Characteristics

Measuring, on an ongoing basis, habitat charatitezighat appear to most influence the
placement and success of sea turtle nests on @aridieaches provides a means to document
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coastal change as it relates to habitat suitabilitythis section, measuring each of these
characteristics — beach profile, elevation, andhyidand softness and composition; sea
defenses, boundary parameter, and vegetationwangdrvasive mortality risks, predation and
artificial lighting — is described.

The following tools will be needed:

Magnifying glass

Graduated staff or ranging pole

Abney level

50 meter measuring tape (surveyor tape)
Notebook (waterproof pages are ideal)

Pens, pencils

Latex gloves

Sandwatch Manual computer analysis progfam
Clean, plastic sealable bags

Sandwatch sediment analysis chart

1 n? PVC pipe quadrant
5 m PVC pipe (the least expensive will suffice)
e 4 %-inch PVC elbows (90°)
» PVC cement
» Hacksaw or PVC cutters

Instructions Cut the PVC pipe into four 1 m length piecesa well ventilated
area, use PVC glue to attach elbows to one pieB&/&f. It is best to do this on
a flat surface to ensure that the elbows are irsémee plane. Use PVC glue to
attach the rest of the PVC together in a square.

Data sheets (Beach profile, Description, Beach kWi8and Samples, and room for
comments and space for the site name, date, measoti® of beach segment, light rankings and
slope angle of each segment) are provided (Appdhdi€ompleted forms should be numbered
sequentially, photocopied for insurance againstdbe of the originals, and stored in a 3-ring
notebook in a safe place.

Certain measurements and activities in the mamaglire the identification of a nest or
turtle activity and the high water mark. We widdin by explaining how to look for nesting
activity on a known nesting beach and explainingsetthe high water mark lies.

Hawksbill sea turtles leave an asymmetrical traattgon in the sand (Figure 3). Once
identified, follow the tracks to the nesting sitgpjcally a disturbed area biologists call a “body
pit”). If the tracks ascends the beach and rettoribe sea uninterrupted, the turtle did not
attempt to lay eggs. However, if a body pit inigts the tracks, it is possible that eggs were

2 The program is available free of charge from Hitpvw.sandwatch.ca/members.htm
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laid. In either case a data form should be coregléd archive the relevant information; if a
body pit is present, the site should be monitooechatching.

Figure 3. A nesting hawksbill sea turtle track. t&the asymmetrical nature of the track, as well
as the animal’s preference for the littoral for€toto by Carol G. Stapleton.

The high water mark is defined as the highest pafimiavewash, usually identifiable by
a dark, wet shadow in the sand and/or by a ridgeaiveed and debris (Figure 4).
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Figure 4. High water mark identified by red arroiBsighton Beach, Barbados). Photo by Elda
Varela-Acevedo.

Beach profile

Equipment
Data sheets

Clipboard

Pencils

Abney level

Tape measure

Ranging pole

Masking tape

Digital or 35 mm (with film) camera

Methods

The step-by-step field methodology described ipst(@) — (n) is adapted from the
“Sandwatch Manual” (UNESCO 2005 http://www.sandwate/members.htm):

(a) Select a reference point behind the beach frommwtudegin beach width
measurements. A stationed beach feature that Wiselgt remain in place even in
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the event of a hurricane, often a building or matuee, was usually chosen. To
facilitate identifying the reference point for futumeasurements and replication, a
photo was shot of each selected feature.

(b) Lay out the pro le in segments, place a rangingepatl each break of slope, ensure
the line of the pro le follows the xed orientatiomhe end point of the pro le is the
offshore step (Figure 5). This is near where theesdreak and there is usually a
marked downward step. If no offshore step existhaitlocation or time, and/or the
wave conditions are too rough, just continue tleel@mas far into the sea as safety
permits.

Cune

Edge of
vegetation

Breakpoint

Breakers
Mean high water mark
Mean low water mark 2N e
. -‘-“-"‘——-\_ -
Offshore step : T
Dune Back beach . Foreshore offshore zone

Figure 5. Beach profile graphic that demonstratéshore step. Source: UNESCO (2005).

(c) Write the beach name and date on the data falso,the names of the eld personnel.
(If using a number system for the sites, it hetpadd a location, e.g. ‘Grand Bay #1,
southern site’.) This reduces the possibility sbewhen the data are entered on
Computer

(d) Measure the vertical distance from the tophefrieference mark to the ground level
with the tape measure. Measure to the nearest eoorR all measurements in metric
units. Write the measurement down on the form.

(e) Measure the observer’s eye level on both rangoies, making sure that the surface
of the sand just covers the black tip of the pole.

(f) Place the ranging pole at the rst break ofpgalways making sure the surface of the
sand just covers the black metal tip of the poleedk the pro le alignment and re-
position the pole if necessary. Always ensure thle [ vertical.

(g) The observer stands by the reference mark seslthe Abney level to sight onto his/
her eye level on the ranging pole.
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(h) To read the Abney level, refer to Figure 6.0as be seen from Figure 6 a), the
Abney level is divided into degrees, every 10 deglis numbered. Readings to the
left of the zero are negative or downhill; readibgshe right of the zero are positive
or uphill. To read the angle, determine where tihhevaintersects the degrees scale.
In the example — Figure 6 b), the arrow falls mighkatween -5 and -6 degrees. So
the degrees would be recorded as -5 degrees. Biaegrow falls approximately
midway between -5 and -6 degrees, it is likely thatminutes reading is about 30
minutes. To check the minutes, use the vernieeseake Figure 6¢). For a downhill
slope use the vernier lines to the left of thewrréhey are at 10-minute intervals and
the 30- and 60-minute lines are numbered. Determhieh of the vernier lines most
closely intersects one of the degree lines belavthik case the 30-minute vernier
line almost exactly lines up with the degree lieéolv, so the vernier reading will be
30 minutes. So this reading will be recorded ade@rees 30 minutes.

Aa) The degrees wale

Figure 6. Abney scale reading description. Soudd¢ESCO (2005).

(i) Record the segment slope in degrees and mintatéise nearest ten minutes on the
data sheet. Always remember to record whetheratgkis or a minus slope (plus is
an uphill slope, minus is a downhill slope).
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() Measure the ground distance from the baseeféference point to the rst ranging
pole with the tape measure, to the nearest cmrad¢hs measurement on the data
form. Measure along the slope, not the horizontthdce.

(k) The observer then proceeds to the ranging gialee rst break of slope and sights
onto the ranging pole which has been placed at¢hend break of slope — remember
to check for pro le alignment — and repeats stepghgough j). This is continued until
the endpoint of the pro le, see step b).

() Ensure all measurements are recorded cleadgendix 1l shows a completed data
form.

(m) Record on the data sheet under ‘Observatianghiang else of interest, e.g. recent
sand mining pits, evidence of recent storms edke photographs if possible.

(n) As the paint squares (reference marks) begfade, touch them up with spray paint.

Beach elevation

Equipment
Measuring tape

Abney level.
Ranging pole.

Methods
(a) Identify a nest on the beach
(b) Place the end of the measuring tape in the cehteemest and measure the distance

from there, horizontally through to the berm. Ugsthe abney level, measure the
slope angle with the ranging pole as describetieri'Beach Profile” methodology

(p.16).

(c) Measure the distance from the berm to the highmmtek. Using the abney level,
measure the slope angle from the berm to the hagkenmark.

Beach width

Equipment
Measuring tape.

Methods:

(a) Select three different locations along the bea@stc(-igure 7).
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Rock headland

Beach width measurement points

A \ Rocky Shore
c

Point 4 iz a tree
Point B is a building
Point c iz a tree

Figure 7. lllustration of three beach width measuent pointsAdapted from UNESCO (2005).

(b) At each site, select a reference point. The rataxg@oint should either be marked
with spray paint or documented with photographagsist in being able to identify it
for future measurements.

(c) From the reference point, a measuring tape shaulasbd to measure horizontally
from the reference point to the end of the vegetdine, if vegetation was present.

(d) Continuing from the vegetation line, measure horiatly to the high water mark.
Boundary parameter

Equipment (none)

Methods

(a) Locate the first structure or obstacle that faeasnvard, located on or after the shore
to sand area. This may often times be a wall,deacother sort of construction,

(b) Record what this structure is on your data sheet.

Sand softness (“50 cm hole”)

Equipment
Latex gloves (optional)

Measuring tape.
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Methods

(a) Lay out the measuring tape starting from the boungdarameter through to the high
water mark.

(b) At each meter mark, try to dig a 50 cm hole withtDacm diameter while wearing a
pair of latex gloves. Latex gloves were used tuqut the hands from the roughness
of the sand and stemmed from watching BSTP volusit@ear them when handling
sea turtle eggs. Turtle eggs are permeable, seglarevent the exchange of bacteria
and other germs between the volunteers and thiefrmgbryos. Check the depth
every so often with the measuring tape to verifyryadepth.

(c) Note any obstacles found while digging. This mayge from tree roots (note their
thickness and abundance), to rocks, to buried trash

(d) The level of difficulty that the person experiensésuld be recorded by the
following levels:
a. High difficulty: Cannot dig reach a 50 cm depthén@Dcm due to the tough
nature of the substrate or hit other obstacles asdravel, cement, or rock.
b. Medium difficulty: Can dig a 50 cm deep but strleggp do so.
c. Low difficulty: Are able to dig to 50 cm depth Wwitelative ease.

Sand composition

Equipment
Clean, plastic sealable bags

Magnifying glass
Sandwatch sediment analysis chart.

Methods

(a) Collect no more than a handful of sand from antified sea turtle nest (e.g. body pit
and last turn visible in sand). If a nest canreidentified, try to collect the sand
from a known nesting area on the beach. Samptaddhbe placed in a clean,
plastic, sealable bag while still at the beach.

(b) If the sand sample is wet, transfer it onto a clesmer towel or a dry newspaper until
it dries.

(c) Once dry, the sand size, sorting, sorting sizepshand color should be determined
with the Sand identification chart and directiexserpted from the Sandwatch
manual:

i.  Sprinkle a few grains on to a transparent plasteetsand then place the
plastic sheet with sand grains over the chart garei 8. If the sand grains
collected are light colored use the left hand ¢hlnile if the grains are dark
colored use the right hand chart.
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mostly mostly small and  large and mixture of
sma arge medium medium arge and sma

very angular sub-angular sub-rounded well rounded

Figure 8. Sand sorting and identification card use®and Type” methodology. Source:
UNESCO (2005).

ii.  Using a magnifying glass, determine the size categmtching most of the
grains and record the results. Then compare the grains on the plastic
sheet with the sorting chart, and with the magnijyglass determine the best-
t sorting category.

iii.  Finally, compare the sand grains in the sample thighangularity charts to
determine the shape. If the beach is made up néstonly, these can also be
measured. Collect at least 20 stones, picking tteerdomly, measure the
length along the longest axis and then calculaetierage. The chart in
Figure 8 can also be used for determining the sbatiee stones.

Sea defenses

Equipment (none)
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Methods
Sea defenses are defined as structures that ard togaotect developed areas’
beach width, usually with the intention of havihgiin contribute to beach accretion.

Those structures identified to fall into this caiggsuch as sea walls, groines and
jetties, should be noted.

Vegetation

Equipment
Measuring tape

Plant guide
Methods:

(a) Using the measuring tape, measure the distanceebetthie high water mark and the
seaward edge of the vegetation line.

(b) Identify the types of plants and foliage presening Caribbean plant guide as needed
(optional). Photos or written descriptions of paof unknown name may also be
used for documentation.

Predation risk (crab holes per fi

Equipment
A m?PVC pipe quadrant

Methods

(a) Randomly toss the quadrant close to a nest onghehb

(b) As crabs tend to hide in hole when there is hunedéinity on the beach, proceed to
count the number of crab holes within the quadiraitder to calculate the crab
density in the area.

(c) Repeat up to three times and average the numiterled counted on each toss.

Beachfront lighting

Methods

Beaches with establishments that are known to hayldtime operational hours should

be sampled during those night hours that overldbp $8a turtle nesting hours to observe

the amount and type of lights that shine onto #&ing beach. At that time, illuminated

fixtures should be ranked following procedures»aegted from Knowles (2007) for sea
turtle nesting beach lighting assessments.
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(a) A rank of “1” describes indirect light visible bypabserver on the beach, but not
likely to present a strong attraction to nestindpatching turtles.

(b) A rank of “2” describes direct light or a visiblége, glowing element, lamp, or
reflector likely to disorient turtles.

(c) Both “1” and “2” ranking lights are not strong emgbuto cast a discernible shadow on

the beach during a dark night. A rank of “3” déses a light source strong enough to
cast a shadow on the beach regardless of the iihtion being direct or indirect.

General observations

Equipment
Camera

Film
Methods
(a) Document anyeatures relating to sea turtle nesting succebaimhling success
when observed. Photos assist on this documentalibis includes pictures of
sea defenses or other interfering structures, alatigany other shots that may
assist in the documentation of the state of thetabahore.
This methodology was put then put into manual far(Agpendix Il1).

Rapid Assessment Results: Barbados

Habitat suitability

In assessing the collected data, vegetation appeaesthe predominant determining
factors of beach suitability in hawksbill nest stdection. The top five beaches to receive the
highest density of nesting activity all had vegetatalong the first landward boundary. These
high nesting density beaches were consistentlyackenized by having either regions of short,
bushy tree shrubs, such as seagrape and maho&ifggs and Sandy Lane), or have an
abundance of diverse vegetation (e.g. Heron andfRBaach). Manchineel trees were the
predominant plant noted (62.5%) but do not fostertsirtle nesting well due to their branches
and leaves begin located high above the groundhawithg thick, tough roots. It was not a
dominant plant on the beaches to receive the higleesity of nesting females and was
commonly seen on those beaches with the least ambuassting activity. However, the next
most abundant plant was seagrapedcoloba uviferp(56.25%), followed by mahod élipariti
tiliaceum (31.25%).

These results are supported by findings from Hoksand Scott (1991) who ascertained
that vegetated areas are preferred as they redndecempaction, contributing to nesting
success for hawksbills. Low lying bush plantstaight to contribute to more constant sand
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chamber temperatures, which is important for ségrdenation (Janzen 1994; Janzen and
Morjan 2001). Vegetation helps in breaking upghed to aide in nesting sea turtle digging of a
nest. Ideally, if hotels were to heed publishesbnemendation for beach lighting (e.g.
Witherington and Martin 2000; Knowles 2007), theguld use vegetation as one means of
buffering light from reaching the beach while piding an attractive nest site feature to the
beach.

Resulting from the vegetation on the beaches, mete encountered while digging 50
cm holes at four of the surveyed beaches. SixHe=mawere characterized by soft sand and while
two were noted as being “difficult to dig”, whilene was considered to have obstacles. At
Speightstown Beach it was noted that turtles digreggs closer to the surface due to its overly
tough soil that was characterized as “Highly difft¢ to dig in.

Although all of the beaches had some degree oftagge present, most vegetation was
aesthetically placed according to beach developmigiainy beaches are swept with frequency to
remove strewn vegetation and trash. Trash moumdf®oened, burnt, and then buried. It was
also observed that some beaches had an abundavegetétion behind gates and walls that the
sea turtles could not directly access (Figurel®)the face of this, many females would take
advantage of the overhanging plants when possiliiés was best seen on Crystal Cove beach
where the Crystal Cove hotel has the majority ®f/ggetation on a beach incline held in place
by a manmade coral rock wall. The seagrape plamétis incline overhung the wall border,
providing a shaded, attractive nesting area foitsekes (Figure 10). However, the overhang on
this beach is also the vegetated border closebketawater, making nests more vulnerable to
wash out. Additionally, highly vegetated areas cwmla with crabs, possibly making high nesting
areas, highly predated areas (Kamel and MrosovBR$;2E. Varela-Acevedo pers. obs. 2008).

Figure 9. Vegetation behind a seawall and brokeing on Heron Bay, Barbados. Photo by
Elda Varela-Acevedo.
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Figure 10. Overhang covering a rock wall on CilyStave Beach, Barbados. Photo by Elda
Varela-Acevedo.

Red crabsGecarcinus ruricolwere the most commonly observed crabs in theegad/
areas with eight beaches observed having 2 crashof and 4 beaches having 3 crab holes/
m?. Heron had the highest density of crabs obsemi#tl4 crabs holes/pern Paynes Beach
was the only beach to have observed ghost c@bgpde quadrafan the surveyed area at 1
crab hole/m2. Brighton was the only beach to haverab holes found within the surveyed
area. However, mongooses, invasives, were notpeeasnt in great abundance on Heron beach
and Holetown (Figure 11).

Figure 11. Mongoose footprints overlaying sedéuracks on Heron Bay, Barbados. Photo by
Elda Varela-Acevedo.
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Most beaches had the back beach limit defined bgi$ionvalls or other constructions
reflecting the developed state of Barbados’ coaSts.Men’s Bay in the northern end had a thin
beach with a street as its boundary parameter s Speightstown Beach at its northern end.
This presents another danger to disoriented neltimgles and hatchlings of being run over.

Maycocks was the only beach to have trees, roekyagetation as its seaward edge, and
lack any sort of coastal development. Twelve efgixteen beaches had some sort of building or
construction at their seaward edge (e.g. hotelséocondo, bar). The remaining three beaches
were found to have some sort of other anthropog&nicture (e.g. drain, wall) at their edge.

Maycocks and Gibbes beaches were the only onesttieave any sort of sea defense
recorded in close proximity to the areas survey@tlthe sea defenses that were noted, tombolos
were observed to be developing in the areas sudvatly€rystal Cove and Heywoods. Three
beaches were noted to have used human placedasoaadefensive structure. Four beaches had
a drain in close proximity to the area measuredappekar to serve the same function as a
groyne. Five beaches had groynes in various stdtiesictionality in the water. Three beaches
have breakwaters that are also in various stataslity. At Alleynes Beach it appears as though
turtles come in from the southern end of Glitteadieand work their way around the break-
waters to nest in the beach area behind the breaksvgers obs.). Gabion baskets were also
observed on Alleynes and Heron Beaches locateceasavere beach was no longer present.

Of the general observations made, the street boiesdthat characterize Six Men’s Bay
and the northern end of Speightstown Beach are quatanger to nesting sea turtles and their
clutch hatchlings. Oftentimes, females and hatgslifollow the illumination from streetlights
and residencies located at the back of the bedodn wying to exit the beach instead of
following the moon back into the ocean. This lesatreem vulnerable to being hit by cars or
being taken with greater ease by poachers. Fdiggurest on Six Men’s Bay as the beach area
there is limited, but Speightstown has a reasonalneber of turtles attempting to, and
successfully nesting there.

It is not uncommon for the BSTP to receive callswdla turtle being hit by a car or
finding turtle tracks that indicate that a turtédl over the sidewalk, into the street. Thesddart
then struggle to find their way back to the wat&hwhe risen sidewalk serving as an obstruction
to their attempts to return to the ocean (Krue@®8pers comm.; Varela-Aceved0 2008 pers
observ.).

Habitat vulnerability

If a Category 3 hurricane were to hit Barbadogsrcurrent condition (Figure 12) and
remove 8.7 m of beach, as was observed with Hungi¢auis in Anguilla in 1996 (Cambers
1996), six of the west coast beaches would benigfft less than 3 m of beach width.
Experiencing such losses from a hurricane woule@sty affect the people and beaches of
Barbados, and certainly cause a high degree dust&anests to wash out. Those beaches that
experienced a total loss of beach area could lass,rifi not all, of the nests buried in those
sands and would likely be an unattractive nestitegte female turtles. Furthermore, the beaches
that experienced the worst losses and are thevabstrable to the effects of a hurricane,
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coincide with the beaches that have the highesingedensity (except for Heywoods) (Figure
13). Of the top four high density nesting beachison Bay, Gibbes Bay would be reduced to
beach widths of 1.51m, Sandy Lane would be redtwedwidth of 0.64 m and Reads Beach
would be completely washed out.

Beach Width (m)
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Figure 12. Beach width measurements at each suhmach from data collected with manual.
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Figure 13. Beach width at each surveyed beach afsrmed 8.7m loss of width after a
Category 3 hurricane.

Discussion

Habitat suitability

As long as Barbados has turtles coming to nestsdmeiaches, its coasts will always be
considered a “suitable” nesting site. Howevereihains unknown whether sea turtles will
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relocate if their preferred nesting habitat in Battbs and elsewhere, were to be lost which makes
assessing the vulnerability of suitable beachedinmate change an important factor to consider
in management and conservation efforts.

When initially looking at two very different beachesuch as Brighton and Heron Bay
(Figure 2), | would have immediately assumed Boghio be a much more favorable nesting
beach than Heron Bay. Brighton is a wide beach7@#h) along the developed portion of the
coastline with vegetation and soft, light colorati@d. Conversely, the Heron Bay survey area
has a narrow beach located in front of a draimlamdance of crab and mongoose predators,
and is squeezed between residential homes thabafar from an active hotel. However,
Brighton has vegetation so far away from the higitewmark that it would be a large energetic
expense and would require long exposure time fpagid turtle to crawl across the wide beach
area to reach the limited vegetation present ostineeyed beach area before repeating the long
trek back to the water. Nests laid anywhere betvike high water mark and vegetation line
would be placed in a more exposed area that waatlbenefit from the sand stabilizing factors
vegetation provides. Heron, however, provideseaigabundance of varied vegetation, including
mangrove, which serves to stabilize that beacham@and it. The mangrove also provides a
secure dark nesting area that is relatively waltguted from neighboring developments’ lights.

It is for all of these reasons that Heron Bay terees much more nesting activity than Brighton.
These are all features and differences that theuaddrelps to underscore.

Interestingly enough, Maycocks was the only undgwedl beach surveyed in this study
and was the northernmost beach surveyed alongekeawast. It was the most “pristine” beach
along the west coast with a maritime forest andiseke nesting activity. Despite this, it is not a
preferred nesting beach, having limited nestinghessan comparison with those beaches further
south. Given that this beach is the northern extrefrthe observed nesting area along the west
coast, it could be that, despite attractive nedtiegch characteristics, turtles have traditionally
nested on beaches more centrally located alongéisecoast. As females return to their natal
beach, it is possible that those born on beachés £6 Maycocks continue to pursue nesting
there rather than further north.

Sea turtle’s efforts to nest in vegetated areasadisre was highlighted by Speightstown
Beach. Speightstown is a good example of a vegpbtaiea that sea turtles struggle to nest on
due to the tough nature of the sand. The sarfthinvegetated area appears to be a mixture of
sand and soil, resulting in a much harder grairssate that is difficult to dig through. The
greatest amount of nesting activity on this beawtucs in front of the Spooner Bay Condo-
miniums which is highly vegetated along the bougdaalls of the condominium complex.

Additionally, sea turtles were often seeing gdimgpugh property fences, barbed wire,
and over seawalls in order to nest in property oe/negetated backyards. This is problematic,
not only because the struggle to get into thespepties, but because they are not always able to
successfully retrace their steps to exit the prypand return to sea (E. Varela-Acevedo, pers
comm. 2008). One such case had a lost turtle ectady fall into a kio pond (Figure 14). The
garden and fence barriers go on to present anadgtathe hatchlings that are able to
successfully emerge from the garden nests whentthéy make it into the sea.
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Figure 14. A disoriented female sea turtle thdtified a Kio pond after nesting in a residential
backyard in Barbados. Photo by Ana Luque.

The Heron Bay mangrove is relatively of easy actes®sting females. Mangroves
used to be in greater abundance across Barbadath{&ite 2006), but mangroves throughout
the Caribbean are increasing becoming lost duattc@ogenic disturbances for extractive
uses, pollution, reclamation and climate changks(i and Farnsworth 1996). Despite the
apparent preference by sea turtles for nestingegetated beaches, the practice of removing
beach vegetation in order to make the beach sederand more visually pleasing is all too
common in Barbados (Horrocks and Scott 1991). lpraknt often leads to removal of fringe
landforms, such as vegetation, that usually hekidbilize beaches (Lewsey et al. 2004). Urban
and coastal developments have been noted as cdbsifaggs of all of their native forest,
severely affecting the runoff of pollution into thearshore environment (Lewsey et al. 2004).

Habitat vulnerability

Hawksbills tend to nest between 3 m and 22.5 mahiat the high water mark (Horrocks
and Scott 2001). From the data collected, only ddals (25.11 m), Holetown (26.57 m) and
Brighton (28.78 m) would be able to accommodatéimgseaching 22.5 m inland (Figure 12).
Yet the data demonstrates that hawksbills nestiidarbados prefer to nest on narrower
beaches, such as Heron Bay, Read’s, Gibbes, anghiewn, despite the availability of
several beaches of wider width for nesting to o@zur This is particularly evident on Heron
Beach, which would experience the second worse waslti a hurricane were to hit, yet has the
highest density of sea turtle nesting.
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Barbados has not experienced a serious hurricane $B55, which resulted in 35 dead,
destroyed 18,000 homes and left 20,000 homelessi¢ldnecity 2008; Ackerman 1980). In
1980, a Category 3 hurricane hit the southern énldeasland causing much less devastation
(Hurricanecity 2008). While the position of Barloadn the West Indies has historically been a
favorable one with respect to hurricanes, it iy@atter of time before the country encounters
another strong hurricane and it is important fenthto take the necessary precautions to avoid
severe damage to their coasts and inhabitantsd@b€rs 2008, pers com.). With the limited
amount of current beach area between the high wedet and the developed zones of the coast,
the island’s coasts remain vulnerable to beingtiyrelaminished by a severe storm.

The IPCC CZMS categorized beach erosion and regessinagement responses into
“protect”, “accommodate” or “retreat” (cf. Fish &t 2007). Of these, retreat would be the most
environmentally sensible option as beaches arg/sandic that trying to only protect or
accommodate development from an unpredictable kherean still be costly and is an
incomplete solution to the environmental proble®tudies (Fish et al. 2007) indicate that even a
0.5m sea-level rise could cause loss on all beastiesa 30 m set-back limit from the mean
high water mark. However, it is suggested elsewligat the setback limit be set landward of
the line of permanent vegetation (Cambers 199atre that many Barbados beaches lack or
have precisely in front of coastal developmentvige set-back limits would be difficult to
enforce since the coastline is already so highlyeltgned and cannot easily be pushed back or
relocated.

To “protect, accommodate or retreat” is not enqungbre preventive management
measures need to be taken. The IPCC Common Mdtgdimr determining coastal
vulnerability is often hard to apply to the smalainds in the Caribbean due to absence of long
term and continuous data necessary for an effeaggessment (Brewster 2002; Hays 2004). A
“standard” manual is problematic because eachdsknomposed of different characteristics
which interact to influence beach stability in aigty of ways (Cambers and Horrocks 2008,
pers. comm.). It has also been suggested thattieedata need to be collected quickly, while
still providing the greatest amount of accurateinfation (Brewster 2002). Therefore, the
manual developed by my project (Appendix Ill) isanteto provide a starting point to collecting
data that may be used in coastal management assgssm

Even when considering the damage a Category 3caneicould bring to Barbados,
recovery from such events is possible. Studieg lsaown an 80% recovery in a six month
period after a Category 3 hurricane in the lowdyisland of Antigua, and that by eight months
the average profile width had essentially retunteepre-hurricane values (Cambers 1996).
Recovery is dependant on many factors, some oftwdaa impede recovery more than others
(Cambers 1996).

The length of time it takes the beach to recovey determine how soon nesting females
can return to nest, which reduces their fecundityl this is possible. Having a record of pre-
storm conditions for both the geomorphology of ¢bastline and the number of nests present at
any given time will provide a reference for posiret evaluations.
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Recommendations

Although hawksbill beaches are often relativelyoktasea turtles have been found to nest
in more random and scattered patterns that vagstisresponse to unpredictable climatic and
anthropogenic events and increase the probalfildlydt least one nest will make it to maturity.
“On dynamic beaches where unpredictability of tidkilght and beach topography is common
and in fact a predictable feature of the environtn@mgreater scattering of nests within
individuals, and correspondingly a lower repeatghimay be selected for; it should increase the
likelihood that at least some nests produce haighl(Kamel and Mrosovsky 2005).” Therefore,
having beaches that provide a variety of nestirmthi diversity in vegetation and covered and
uncovered areas, within a single beach area coméstio nesting success.

Having identified that vegetation plays such arggroole on suitable nesting beaches,
management decisions that are considerate of kgégiaches full of accessible vegetation for
nesting hawksbill sea turtles is important. Fumtih@re, vegetation serves as a natural protection
for the integrity of a beach when storms hit, emapit to protect development that is landward
of the vegetation. These findings are specifiBagbados and are an example of how the data
collected using methods outlined in the Beach Gitaraation Manual (Appendix I1l) may be
evaluated, but findings and recommendations wily\&y location and sea turtle species.

The ideal management response to changing caaptiotesses is to increase set-back
distance. Notwithstanding, revised (greater) sekbimits are impractical for existing
structures and difficult to enforce even for newalepments as the Barbados coastline is
already so highly developed and the tourism econismyainstay. One option is that as
buildings are decommissioned, the constructionest¥ huildings within a 60 m distance should
be prohibited. This will hopefully allow for thedogernment to reclaim beachfront property for
the benefit of natural coastal processes one coasttgment at a time.

Conclusions

Sea turtles are migratory animals that travel widieicluding among sovereign
Caribbean islands, between seasonal nesting aagdifgrgrounds (e.g. Beggs et al. 2007). This
implies that the population health of sea turtearey stage and in a variety of coastal and marine
habitats contributes to the health of the overafipation. Therefore, it is suggested that all
islands have a record on the changes that thest€eaperience and the way in which these
changes affect coastal biology and biodiversity.

By field-testing the Beach Characterization MarmraBarbados’ beaches, well known to
be important to endangered sea turtles, the manuséfulness was demonstrated. The manual
allows for all relevant features to be analyzedtbgr and assists in identifying patterns and
trends that may contribute or deter from nestingchesuitability. Beach width datasets, for
example, were used to assess what type of impacésemory 3 hurricane might have on the
west coast of the island, while information coleztbn vegetation was used to indicate what
type of vegetation hawksbills seem to prefer indaaios. Importantly, the manual can be
expanded to meet each country’s different shorelhnecharacteristics as these potentially affect
different sea turtle species.
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With the aid of conservation measures, even beaghlesmall nesting populations can
have their nesting population health improve whierythe chance (Hays 2004). In effect, it is
important to collect data on as many nesting anmdmesting beaches as possible, as those with
even the most depleted population of nesting tirlay recuperate or they may potentially serve
as an alternate beach for turtles that currentty ae other threatened beaches (Carr and Carr
1972; Kontos et al. 1988).

The dynamic nature of the beach coastline is ataahsvhich is something many people
are working toward to be able to say about nesteayturtles. By creating this manual which
ties coastal change to sea turtle nesting sucitéssioped that it may be used as a tool in
educating people about coastal change and sea lhattitat. This report reviews the extensive
literature that exists on beach characteristicsdbatribute to suitable nesting habitat,
determining that main components that should beiented throughout the seasons are beach
width, beach profile vegetation, elevation, liglgtiseaward edge, sea defenses, number of crab
holes and presence of other predators, photos,ssangles, and ability to dig a 50 cm hole.
Collecting such information will provide a strorgcord on how sea turtles are responding to
changes in beach geomorphology and what manageneasures can be implemented to assist
in their conservation.
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APPENDIX I
Beach Data Sheet
Date: 15 July 2009
Location: Paynes Bay- by construction site
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Figure 2. High water mark identified by red arrows (Brighton Beach,
Barbados). Photo: Elda Varela-Acevedo.
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Beach Data Sheet
Date: 15 July 2009

Location: Paynes Bay- by construction site

Comments/ Observations:

*pbars and hotels so much human activity

*in construction area
* Treasure Beach Hotel just south of old tregs.ap

* boats in BP area
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