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DISCLAIMER

Recovery plans delineate reasonable actions teabelieved to be required to recover
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individuals or agencies involved in the recovergmpformulation, other than our own.
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Conservation Services as approved. Approved reggians are subject to modifications
as dictated by new findings, changes in specidssstand the completion of recovery
actions.
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www.conservation.bm

|he
D{W «T o AR Dt

Director Date
Department of Conservation Services
Government of Bermuda



ACKNOWLEDGEMENTS

This investigation was initiated by grant moneyved by Susan Ford. Additional
funding was given by the Bermuda Government Depamtnof Conservation Services,
the Atlantic Conservation Partnership, the Bermdaalogical Society and the Mid
Ocean Club. The support of these sponsors is gigtappreciated. Many thanks are due
to numerous individuals who assisted with the weisurveys in the field, most notably
Simieon Massey and Ronald Burchall. Dr. Matthew udrgprovided practical and
technical assistance with the radio-telemetry itigatons, and the Bermuda Aquarium,
Museum and Zoo and Dolphin Quest generously dorlatgd quantities of herring over
the years for use in the terrapin traps.



EXECUTIVE SUMMARY

Current Species Status:

This recovery plan addresses the need for actmneriserve a native species of terrapin,
Malaclemys terrapin, in Bermuda. This species is listed as Vulnergbld, Bla, biii) as
per IUCN criteria, under the Protected Species 2003. Diamondback terrapins
represent Bermuda’s second naturally occurring manine reptile that still survives on
the island (the other being the endemic skiRlestiodon (formerly Eumeces)
longirostris.) The current terrapin population is estimateddmprise approximately 100
individuals>81 mm straight carapace length (SCL).

Habitat Requirementsand Threats:

Diamondback terrapins are an inhabitant of the -lacked, brackish water pond
environment in Bermuda. The entire population @nabndback terrapins can only be
found in four ponds on the Mid Ocean golf courseated in the eastern parishes of the
islands. These ponds are known as Mangrove Lakeh$tond, North Pond, and Trott's
Pond and all four bodies of water have been inqatpd into the golf course as water
hazards. Neonate and small juvenile terrapins dpea@nt mangrove swamps and grass-
dominated marshes as developmental habitat; lgmgeniles £81 mm SCL), sub-adult
and adult terrapins are found within the aquatindpenvironment. It is thought that the
principle factor which has led to the limited distition of diamondback terrapins is loss
of habitat through fragmentation of the wetland8ermuda. This restriction in habitat is
due to both human development and natural proceg&®hition of ponds has also
contributed to the decline and degradation of abéé habitat, as ponds and marshes
were historically used as garbage disposal sitesd, cmntinue to receive run-off from
roads and the surrounding golf course. In additohaving a limited distribution and a
small population, Bermuda’s terrapin populationoassiffers from low recruitment and
poor annual hatching success which lends furthep@t to the belief that it is vulnerable
to local extirpation.

Recovery Objective:
The main goal of this plan is to increase both plgulation level and the areas of
residency for diamondback terrapins in Bermuda.

Recovery Criteria:
Down listing of diamondback terrapins in Bermudd & considered when:

* The genetic diversity of Bermuda’s extant populai®fully understood.

» All current and potential habitats suitable for rdandback terrapin growth,
reproduction and survival are identified, assessestored and protected under
legislation.

» Diamondback terrapins are viable residents in astléwo separate geographic
locations on Bermuda.

» Population levels in Bermuda indicate that terramnre successfully maintaining
themselves on a long-term basis and showing adedgatls of recruitment.
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Actions Needed:

1. Protect wetland habitats of extant terrapin poputatthrough

legislation,

Restore protected wetland habitats of current ¢xtapulation,

Identify, assess, protect and restore wetland d&tshiteemed suitable

for diamondback terrapin introduction,

4. Increase population size through increased hatclsingcess and
recruitment to the adult population,

5. Expand area of residency through translocatiomdifviduals raised in
captivity,

6. Identify the full genetic composition of existingguulation,

7 Develop research programmes on understanding thextefthat
environmental contaminants have upon the reprodrdiiology and
overall health of terrapins in Bermuda,

8. Promote conservation education programmes congerfBarmuda’s
terrapin population,

9. Continued population monitoring.

wn

Recovery Costs: The total cost of recovery actions cannot be ddfiaé this point.
Funding needs to be secured through Non-Governinégdtganizations (NGO'’s),
overseas agencies, and other interested partiamfdementing the necessary research
and monitoring studies on the biology of the diadimack terrapin. Developing budgets
for each action are the responsibility of the lagdparty as outlined in the work plan.

Date of Recovery: Meeting the recovery objectives in Bermuda widpdnd on the
restoration and protection of available habitatswD listing will be considered following
10 years of implementation (2023), once evaluabioconservation efforts is complete.



PART I: INTRODUCTION

A. Brief overview

Diamondback terrapindMalaclemys terrapin have been listed as a globally near
threatened species by the International Union fong@rvation of Natural Resources
(IUCN). In 2013, diamondback terrapins were incllide Appendix Il of the Convention
on International Trade in Endangered Species ofiWduna and Flora (CITES) in an
attempt to regulate international trade so thatoespfrom the native range are not
detrimental to the species’ survival in the wildaBondback terrapins are endemic to the
coastal wetland environments along the east cddbedJnited States from Cape Cod in
Massachusetts to Corpus Christi in Texas. Thetustavhich varies from state to state,
ranges from endangered to a species of speciatoonidassive over-harvesting for food
consumption in the late f'oand early 28 centuries lead to huge declines in the North
American populations, which continue to be affecbsdhabitat loss, predation, crab
trapping activities and commercial harvest for fpatte and human consumption
(Roosenburg et al., 1997; Hart and Lee, 2006).

Historical accounts of Bermuda’s diamondback tensfirst appear in writings that
date back to the 1950s (D. Wingate, unpublisheg@s)phowever it was not until 2007
when their origin on these remote oceanic islands tested using a combination of
palaeontologic (fossil, radiometric and palaeoemmental) and genetic data. These
lines of evidence supported the hypothesis thagetherrapins are natural colonizers of
Bermuda, having arrived between 3000 and 400 yages(Parham et al., 2008), and
represents the second naturally occurring non-reaeptile that still survives on one of
the most densely populated and heavily developedroc islands in the world (the other
is an endemic skink). Bermuda is situated in a pathe North Atlantic Ocean which
regularly receives spin-off eddies from the Gulire&tn. These eddies have been
implicated in the transport of a great diversityptdnts and animals from the Caribbean
and eastern seaboard of North America to Bermudas§pool, 1994; Meylan and
Sterrer, 2000; Grady et al., 2001; Sterrer et28l04), and are most likely responsible for
transporting diamondbacks as well (Davenport e2805).

It appears that this Bermudian population is thig wild breeding population outside
of the North American range. There has been ahleaibhformation regarding the health
and status of this isolated oceanic population.videdge of their life history is necessary
to make informed management decisions and was dkeriteal for a species recovery
plan. Consequently, work on this species was teitian 2008 by Mark Outerbridge of
the Bermuda Zoological Society as part of a Phidgmmme. All of the Bermuda data
presented in this recovery plan is the result of doctoral investigation.

This recovery plan discusses threats and consernvagifforts for Bermuda’s
diamondback terrapins, summarizing new and prelyowusavailable information about
their local habitat and dietary requirements, rdpobive biology, and threats to survival.
In order to ensure sustainability of the terrapapydation within Bermuda, an increase in
the area of occupancy as well as in populationisizecommended and deemed possible
through head-starting and translocations initi&iv€he recovery of the population is
heavily dependent on the availability of suitabébitats, hence the restoration of selected
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ponds is a priority in this plan. Should all ofdlie realized, it may be possible to down
list diamondback terrapins to a lesser threatertatls and/or remove it from the
Protected Species list.

B. Current protection status

Bermuda’'s diamondback terrapins are classified desval 2 protected species and
declared to be Vulnerable under the Protected 8pegict (2003). Diamondback

terrapins are not harvested for food in Bermudaaught as by-catch in commercial or
recreational shellfish pots, and none of the pdrale boating traffic, however, the area
in which the terrapins reside is currently, and &las historically been, heavily impacted
upon by other anthropogenic activities. There hbeen few opportunities for range
increase, due in great part to the restrictionahitat availability. The fragmentation of

the wetland habitat in Bermuda, and the very lichiiéstribution of the terrapins, makes
this species very vulnerable to human impact.

Legal Protection

The Protected Species Amendment Act (20kbnsiders it an offence for an
unauthorized person to willfully damage, destrayuiie, disturb, uproot, fell, kill, take,

import, export, sell or purchase a level 2 protcspecies or any part of a level 2
protected species. Offenders are liable, on sumwfacgnviction, to a fine of $15,000 or
1 year of imprisonment.

Habitat Protection

Mangrove Lake, Trott's Pond and North Pond havenlesignated as ‘nature reserves’
under the 2008 Bermuda Development Plan; howewerthSPond is currently zoned as a
‘recreational area’ (Fig. | in Appendix).

C. Taxonomy and description of species

Class: Reptilia (reptiles)

Order: Testudines (turtles, terrapins & tortoises)
Family: Emydidae (pond turtles)
Genus:Malaclemys

Speciesterrapin

Common name: Diamondback terrapin

Diamondback terrapins belong to the Family Emydidadarge and diverse group of
reptiles collectively known as ‘pond turtles’ thate naturally found throughout North
America, much of Europe, and eastward into Rugbm,Near East, and North Africa
(Meylan, 2006). They are the only member of theugealaclemys. Seven subspecies
of diamondback terrapin are currently recognizekictv have been divided into northern
(M. t. terrapin, M. t. centrata) and southernl. t. tequesta, M. t. rhizophorarum, M. t.
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macrospilota, M. t. pileata, M. t. littoralis) populations with Merritt Island, Florida,
providing a break between the two; however, gersttidies do not fully agree with the
existence of these subspecies (Lamb and Avise,; 1982, 2005; Hauswaldt and Glen,
2005).

Diamondback terrapins are small to medium sizedetuthat show distinctive
shell and soft tissue markings; however, these mgskvary greatly throughout their
range. The carapace is typically oblong in shapepmssesses a mid-dorsal keel which is
more visibly raised, or knobbed, in the southerbspecies. Carapace colour is highly
variable but usually of earth tones ranging froghtiolive and brown to dark brown and
black. The carapace is also marked with concergrnowth rings that are most
pronounced on younger individuals (Fig. 1 top)niravhich this species gets its common
name, but disappear with age. The circular depassthat these rings make extend
below the veneer of each scute and are imprintesh upe dorsal surface of the
underlying bones of the carapace. The plastrom;omirast to the carapace, is more
brightly coloured with yellowish or orange hues aah be either plain in appearance or
smudged with varying amounts of dark blotches. Sonas, however, the plastral scutes
can have a dark base colour with lighter colouddges. The plastral scutes may also
show growth rings. These rings, or annuli, havenbased by some researchers to
estimate the age of individuals (Seigel, 1984; Buckt al., 1995; Gibbons et al., 2001);
however this technique remains a contentious metti@djing terrapins and many agree
that it is not possible to use it on older indivatkiwhose rings have disappeared with the
passage of time (Morreale, 1992; Gibbons et alQ120Skin colour also varies
throughout the range, but is generally shadesayf gith dark spots, flecks or lines (the
latter having not been observed in the Bermuda latipn) (Fig. 1 bottom).

Diamondback terrapins show sexual dimorphism; \witiles being considerably
smaller than females and having proportionally $endleads, but wider and longer tails
with a cloaca situated posterior to the edge ottdrapace when the tail is fully extended.

The diamondback terrapin carapace normally feat88esamed scutes:- 1 nuchal,
5 vertebrals, 4 pairs of costals (also known asirple), 11 pairs of marginals, and 2
supracaudals. The plastron is normally composel?afamed scutes; 1 pair of gulars, 1
pair of humerals, 1 pair of pectorals, 1 pair ofl@minals, 1 pair of femorals, and 1 pair
of anals. Both carapace and plastron are joined bgidge. Variations in the number of
vertebral, costal or marginal scutes are not uncomrand may involve an extra, split, or
distorted scute. These variations are believed ¢o caused by high incubation
temperatures (Wood and Herlands, 1997; Herlandsalgt 2004) and possibly
embryological exposure to petroleum crude oil aotygyclic aromatic hydrocarbons
(Van Meter et al., 2006).
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Figure 1. Photographs of a typical diamondback terrapin fRBermuda

11



D. Current status

Global distribution

Diamondback terrapins are endemic to the Atlantit Gulf Coasts of the United States
of America, whose range extends across 16 staigs @ape Cod, Massachusetts, in the
north to Corpus Christi, Texas, in the south (Big.Their distribution across this range is
not continuous, but rather consists of fragmentegufations concentrated in a linear
fashion along the coast. Five of the seven subspexdcur within Florida, of which three
are considered to reside exclusively in that stétee northern diamondback terrapin,
Malaclemys terrapin terrapin, ranges from Cape Cod in Massachusetts to Caperbisit
in North Carolina. The Carolina diamondbabk,t. centrata, ranges from Cape Hatteras
southwards to Volusia County in Florida. The Flarilast Coast diamondbady. t.
tequesta, ranges from Volusia County to Miami-Dade Courag, well as possibly into
the upper Keys in Monroe County. The mangrove diaback,M. t. rhizophorarum,
occurs in Monroe County from Fort Myers to FloriBay and throughout the Florida
Keys and the Marquesas. The ornate diamondbisicki, macrospilota, occurs from
Florida Bay to the western part of the Florida Rartie in Walton County. The
Mississippi diamondbacky. t. pileata, ranges from western Choctawhatchee Bay in
Okaloosa County, Florida, westwards through thdesif Louisiana. The Texas
diamondbackM. t. littoralis, is found from western Louisiana to Corpus ChiisfTexas
(Ernst et al., 1994; Butler et al., 2006). The ogépographic region where diamondback
terrapins appear to naturally reside outside df therth American range is in Bermuda.
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Atlantic Ocean

Gulf of Mexico

Data 510, NOAA, U.S. Navy, NGA, GEECO." . - X " -
& 1 Europa Technologies - & - fn-r\L]()()qlt

US Dept of State Geographer

Northern diamondback terrapin
Malaclemys terrapin terrapin

Ornate diamondback terrapin
Malaclemys terrapin macrospilota

Mississippi diamondback terrapin Carolina diamondback terrapin
Malaclemys terrapin pileata Malaclemys terrapin centrata

Texas diamondback terrapin Florida East Coast diamondback terrapin
Malaclemys terrapin littoralis Malaclemys terrapin tequesta

Mangrove diamondback terrapin
Malaclemys terrapin rhizophorarum

Figure 2. Map illustrating the range-wide distribution of th&even recognized
diamondback terrapin subspecies (adapted from Bettlal., 2006; Lee and Chew, 2008).
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Local distribution

The entire Bermuda population of diamondback ténsags found only in four brackish
water ponds named Mangrove Lake, South Pond, NRwtid, and Trott’'s Pond. All four
bodies of water are situated upon a single squéoen&ter of Bermuda and are only
separated from each other by, at most, 380 metdes@d. These ponds are located on a
private golf course, the Mid Ocean Club, locatecbmith’s Parish at the eastern end of
the islands (Figs. 3 and 4). Mangrove Lake andtBrétond are the largest of these
ponds (approximately 10 ha and 3 ha respectivelgréa) and both are simple basins
fringed by red mangrove tre@hizophora mangle and characterized by shallow depths
(averaging 1.4 m and 2.7 m respectively) with botocomprised of deep deposits of
highly organic sediment (Thomas et al., 1991). NoRond and South Pond are
considerably smaller in area (both approximatelylta) and lack mangrove vegetation;
however both have small marshes in their centemsirtiied by grasses. Mangrove Lake,
South Pond, North Pond, and Trott’'s Pond have bemrporated into the golf course as
water hazards found between tieaihd 13' holes. No diamondback terrapins have been
discovered in any other bodies of water on Berndekpite a series of extensive wetland
community surveys conducted between 2004 and 2@re(bridge et al., 2007a;
Outerbridge, 2008).

Figure 3. Aerial photograph of Bermuda showing the locatidntiee diamondback
terrapin ponds.
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ment, Planning andrastructure (printed with permission)

© Bermuda Ministry of Environ

Figure 4. Aerial photograph from 2003 showing the diamondbackapin ponds situated

on the Mid Ocean golf course (A=Mangrove Lake, Batf's Pond, C=South Pond,
D=North Pond)

Mangrove Lake

Mangrove Lake is currently the largest of Bermudhiackish water ponds and is
believed to have formed during the last 11,000 y¢faough the action of dissolution of
calcium carbonate from either rock or sand, ther&lewating a depression that gradually
filled with salt water as the seas rose (Watts Hadsen, 1986; Thomas, 2002). It is a
simple basin approximately 10 ha, in area fringkdoat exclusively by red mangrove
treesRhizophora mangle and characterized by shallow depths, averaging d40 cm,
fairly even contours and a gently sloping shorelifibe pond bottom comprises deep
deposits of highly organic sediments, from whicligéon gras&uppia maritima grows

in dense clumps. Mangrove Lake is often subjeatasiderable changes in dissolved
oxygen, temperature, salinity and nutrient levélbomas et al., 1991). A few small
subterranean fissures ensure that ocean wateestdts this pond from the south shore;
however, it has a small tidal range of 1.4 cm (Therat al., 1992). Average mid-water
temperatures ranged between 15.6°C (February) ar@P@G (July); surface salinities
between 26 psu (January) and 35.7 psu (August)e(@udge, unpublished data).
Mangrove Lake and the surrounding land are owned bgriety of private individuals
and organizations. The pond is mostly owned by Theker's Point Club, but the
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surrounding land is owned by the Mid Ocean Clule, Bermuda National Trust, and a
number of private individuals who live adjacenthe pond.

Trott's Pond

Trott’s Pond is also partially situated on the Midean golf course. It is approximately 3
ha in area and formed between low Pleistocene sameés that were inundated by
postglacial seas. Over time fresh water slowly edodway the depression creating
fissures through which salt water enters from thtls shore as the sea level rose around
Bermuda. Trott’'s Pond is currently a simple bagiaracterized by fairly shallow depths,
with the deepest part at its centre. It has faglyen contours and a gently sloping
shoreline (Thomas et al., 1992). The connectiothéoocean is small and located at the
surface, giving Trott’'s Pond a very small tidalgarof 1.5 cm. Rainfall and surface run-
off from the surrounding area usually doesn’t mikhvthe salt water below, but instead
floats as a distinct layer on top, eventually dragnoff through the surface connection
(Thomas, 2002). The pond bottom comprises deepsitspaf highly organic sediments.
The mean depth in Trott’'s Pond is 269 cm; the maxinwas 320 cm. Average annual
surface water temperatures range from 16-31° C4*8& C) and salinities vary from 24-
34 psu (+/- 2.6 psu) (Thomasal., 1991). Trott's Pond shares many species in cammo
with neighbouring Mangrove Lake including the mangr oysted sognomon alatus, the
Bermuda killifish Fundulus bermudae and the coffee bean snédlelampus coffeus. The
shoreline of Trott’'s Pond is fringed almost entirbl red mangrove trees.

South Pond

South Pond is much smaller than Mangrove Lake aott'3 Pond and was deliberately
dredged to create a golf course water hazard irl8®®s. A land bridge separates this
pond into two distinct bodies of water; the mo&elpond to the north and a smaller pond
to the south. These two bodies of water are colelgt known as South Pond and
comprise a combined area of approximately 0.4 hendvbve trees are not present at this
site, but there is a small 0.3 ha marsh locatetthéncentre of the larger pond, made up
predominantly of saw gragSladium jamaicense, and to a lesser extent cattaypha
angustifolia. The emergent vegetation that grows around thienpégr of South Pond is
exclusively sheathed paspalupaspalum vaginatum which is periodically trimmed by
the agronomy staff of the Mid Ocean Club. Widgeoasg Ruppia maritima grows
seasonally within South Pond, and the pond bottsncamprised of highly organic
sediment. The mean depth in the larger pond isn35while the smaller pond averages
81 cm. Average annual mid-water temperatures infl2@hged between 15.7 °C (Feb)
and 29.8°C (August). The salinity of South Pondnigch lower than in neighboring
Mangrove Lake and Trott’'s Pond. Salinities in thegér pond ranged between 4.8 psu
(March) and 16.8 psu (July) while in the smallenggahey ranged between 7.8 psu
(April) and 18.7 psu (June) (Outerbridge, unpuldhdata). The water levels vary
considerably according to the amounts receivedutfitorainfall, and in periods of
drought it is not uncommon for some areas to drgappletely.
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North Pond

North Pond is approximately the same size as SBotid (ca. 0.4 ha), is a naturally
occurring pond, and has also been incorporatedtivga@olf course. Mangrove trees are
also not present at this site; however, therenarasow band of marshland located in the
pond which is dominated by sheathed paspdRivaginatum. As with all of the other
diamondback terrapin ponds, North Pond’s bottomcasnprised of highly organic
sediment. Mean depth of water is 30 cm. Mean mitei@mperatures are only available
for a 6 month period in 2010, and ranged betwee@°C5(February) and 31.1°C (July).
The salinity in this pond is slightly lower thanneighboring Mangrove Lake and Trott’s
Pond, but higher than South Pond. The mean midrsgatmities in 2010 ranged between
7.8 psu (April) and 18.7 psu (June) (Outerbridggublished data). The water levels in
North Pond vary considerably according to the an®ueceived through rainfall, and in
periods of drought it is not uncommon for largeaaref the pond to dry up completely.

E. Ecology

Habitat requirements

Diamondback terrapins have a life cycle comprisedistinct phases that have different
habitat requirements. Adult and sub-adult terrapinge need of brackish bodies of water
in which they feed, mate and, for populations riegjdn cooler regions, brumate (the
reptilian equivalent of hibernation); mature fem#derapins require sandy substrate for
egg laying; hatchlings and small juveniles reqdiease vegetation which grows adjacent
to the adult aquatic environment to forage, grow hide from predators. Examples of
this vegetation include salt marsh grasSpartina spp. in North America andPaspalum
vaginatum and Cladium jamaicense in Bermuda) and red mangroveRhizophora
mangle).

Diamondback terrapins are the only species ofetutiat have specialized to
inhabit the tidal salt marsh and estuarine enviremnalong the Atlantic and Gulf coasts
of North America (e.g. coastal marshes, mudflaterrestuaries, tidal creeks, brackish
lagoons, and mangrove swamps). They exhibit uniglgsiological and behavioral
adaptations that enable them to live within themsleithts (Cowan, 1971; Gilles-Baillien,
1973; Cowan, 1990; Davenport and Macedo, 1990; Had Lee, 2006). Bermuda’'s
extant terrapin population, however, is restridtethe brackish water pond environment.
The present day saline pools and ponds in Bermadg bwoth in size and in structure.
Nearly all date back in formation to the Holocema @pproximately 10,000 years ago.)
The sporadic addition of fresh water into thesedsoreither directly in the form of
rainfall or indirectly as surface run-off, meanstttsalinities vary throughout the year.
They are generally slightly lower than that of pgesawater, but do show predictable
seasonal patterns. The primary factor influencialghgy is the size and location of the
underground connections each pond has with theno&mnd size, depth and volume, the
size and nature of the connections to the oceanrate of fresh water inflow, and the
tidal exchange of seawater all influence the hydaphic characteristics of each pond.
Bermuda’'s marine ponds generally have a rich biSfzecies richness increases with
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increasing physical stability and diversity of iahi Thus ponds having submerged rock
substrata, an abundant submerged mangrove root goitynalong the periphery of the
pond, and bottom sediment show greater diversiy fhonds that feature sedimentary
substrata only (Thomas et al., 1992).

Physical factors

The most important factor influencing physical gigbin the saline ponds is the amount
of tidal exchange (Thomas et al., 1992). Tempeesaund salinity are dependent upon the
amount of sea water that enters from the oceas,fbnods close to the sea with relatively
large connections have a higher flushing rate,avaer ranges of salinity and temperature
and therefore provide a more stable environmemt these of ponds further from the sea.
The mean ocean tidal range in Bermuda is only 75beris greatly reduced in the ponds
where there are more restrictions to tidal flow. iM/lproximity to the ocean and the
nature of the connections influence salinity lewbke locations and sizes of these salt
water inlets in relation to the tide level alsoeatfthe flushing rate. Salinity stratification
can occur in poorly mixed ponds, or where the cotioe to the sea is in the deepest
part, due to the different densities of fresh aalll water, although this phenomenon is
unlikely to occur in very shallow ponds. Thomasakt (1991) described the physical
characteristics of the six largest saline pondduging Mangrove Lake and Trott's Pond.
Surface salinities ranged from 6.5 to 42.5 prattisalinity units (psu) and the
temperatures varied from 15.0° to 37.5°C. Moretédhidata exists for Bermuda’s fresh
water ponds; however, it appears that salinity samdperature also follow predictable
seasonal patterns. Evaporation, coupled with tloeasiic addition of fresh water either
directly as rainfall or indirectly as surface ruffi-aypically via storm drains from
neighboring roads, means that surface salinitiasraage from O (totally fresh water) to
12 psu (brackish water.) The small and shallow readéi most of these ponds means that
temperatures can also vary greatly from 10.6°C 46 (Outerbridge, unpublished
data). A shallow pond will show greater temperataigge because it can exchange heat
more rapidly with the atmosphere (e.g. North Pond).

Biological factors

Bermuda’s brackish and marine ponds all have desphiz deposits of highly organic
sediments and are subject to large changes inldtssoxygen, temperature, salinity and
nutrient levels. Surface run-off from surroundiragd transports particulate matter and
plant nutrients into the ponds. Fringing mangroeed are a common feature of these
saline ponds. These trees constantly drop leaatslibwly decompose, forming a highly
organic layer on the pond bottom that enhancedése of the food web. Due to their
small physical size and accumulated sediments,sdime ponds are usually quite
shallow. Because of this, ambient light levelshat bottom can be high, despite the fact
that these ponds are typically very turbid duehe high levels of suspended organic
material. Plants, however, do not usually growlmdeeper bottoms of the ponds due to
the unstable, anoxic environment created by themdposition of the organic matter. The
levels of dissolved oxygen also vary consideraleyMeen ponds as well as diurnally and
seasonally. Daytime photosynthesis can supersatpmatd water with oxygen while the
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consumption of oxygen at night from fishes and ohaal life on the sediment can reduce
oxygen levels to zero, at least in patches, regplti transitory nighttime anoxia. Anoxic
events are routine in some of the poorly flushedhadine ponds in summer and are
partly responsible for their low species diversitich is typically much reduced below
that of open water marine habitats (Thomas and ho$892). The biotic characteristics
of Bermuda’s ponds are highly variable. Pond siz#ume, and physical stability, as
well as the stochastic nature of species’ colowmaand the ability of these species to
adapt and survive in the ponds are all factorsarsiple for this biological variability.
One of the curious features of the ponds is thatetls great variability of biota amongst
the ponds. Quite often a species is found in omg or a few ponds and few species
occur in all ponds.

General biology

The annual activity cycle of adult diamondback apms from northern populations is
one that generally begins with emergence from wimeuced brumation during the
spring. Emergence is quickly followed by a peridadaurtship and mating. Nesting soon
follows and often lasts for many months during Wwhfemales can deposit multiple
clutches of eggs (Seigel, 1980b; Goodwin, 1994; deoburg and Dunham, 1997).
Diamondback terrapins are believed to have a vemglilshome range (Lovich and
Gibbons, 1990; Gibbons et al., 2001; Baldwin et2005) and some mature females are
known to return to the same nesting beaches agn(#dlyasuria et al., 1994). The
incubation period and the gender of the develomntgoryos are determined by the
incubation temperatures; cooler temperatures peduale offspring while warmer
temperatures produce female. Hatchlings will, ugomergence, typically seek refuge
within the closest vegetation and show avoidanogpeh water (Burger, 1977; Lovich et
al., 1991). Very little exists in the literature calb the life history of hatchlings and
juveniles from the time they depart the nest totilme that they recruit to the sub-adult
population. Growth is most rapid during the firsivfyears after hatching, but then slows
down considerably after sexual maturity has bedairsd (Tucker et al., 1995;
Roosenburg and Kelley, 1996). Diamondback terrapiegally enter brumation in
November and December and remain in that statereltbried in sediment or beneath
undercut banks through February or March the fahgwyear (Yearicks et al., 1981;
Seigel, 1984); however, some populations in Flonegae observed to be active on warm
days during the winter (Hart, 2005). The lifespdrdiamondback terrapins in the wild
has been estimated to be approximately 20 yeaigelS&€984), but may last as long as
40 years in captivity (Hildebrand, 1932).

Population biology

The results of a three year mark and recaptureegu2008-2010) suggest that the adult
and sub-adult population of diamondback terrapimesgntly living on Bermuda
comprises approximately 100 individuals. The regaptrate in this population was
relatively high over the census period (60.6%), aodpled with the fact that 99
individuals were captured and marked (64 matureafesy 22 mature males, 13
juveniles) suggests that the estimate may be vecyrate. The Bermuda population is
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dominated by females (3:1), whicaAnged in size 116-196 mm straight carapace length
(SCL notch-to-notch) (mean 158 mm; SD 22.6 mm) 2Rnd-1340 grams (mean 720 g;
SD 285.8 g). Males ranged in size from 109-134 n@h 8nean 122.7 mm; SD 8.2 mm)
and 200-350 grams (mean 281.4 g; SD 47.1 g); arehjles ranged in size from 81-108
mm SCL (mean 98 mm; SD 9.5 mm) and 95-215 gramsuiniié8 g; SD 42.6 g). Thirty
four out of 99 individuals (34.3%) showed carapscate anomalies. The most common
anomalies were extra vertebral scutes (15.2% freguef occurrence), extra costal
scutes (15.2% frequency of occurrence), and exaagimal scutes (18.2% frequency of
occurrence). The mean annual recruitment rate eéoattult population throughout the
three year census period was 2 terrapins; 1 nemitagas encountered in 2008, 5 in
2009 and none in 2010. The density of diamondbachkpins in Bermuda is estimated to
be 6.0 terrapins/ha (Outerbridge, unpublished yata.

Information on the population biology of diamondkderrapins in their North
American range shows variation in relative bodgsjzsex ratios, estimates of population
size and density. Roosenburg et al. (1997) repatpdpulation estimate of 2778-3730
individuals in the Patuxent River Estuary of Chesd® Bay; Seigel (1984) estimated
populations of 213 and 404 at two sites in eastrabrrlorida; Hurd et al. (1979)
suggested that as many as 1655 terrapins inhatiiedCanary Creek salt marsh in
Delaware; Butler (2002) reported a population o Bierrapins were found to be using a
northeastern Florida nesting beach; and Hart (2@3%)mated the Big Sable Creek
population within the Everglades National Park outbwest Florida to be 1545
individuals. It is believed that the total numbdr ddamondback terrapins in North
America may exceed 100,000 individuals (van Difi]l 2). Density estimates of terrapins
in North America are less available in the literatlbut were reported to range from 53-
72 terrapins/ha in central Florida (Seigel, 19&Bx ratios in terrapin populations vary
from being strongly female biased (Seigel, 1984o$&mburg et al., 1997) to being male
biased (Lovich and Gibbons, 1990). Hart (2005) regzbthat the sex ratio in the Big
Sable Creek population was 1:1. Female terrapinge&ach carapace lengths of 238 mm
range wide in North America; males 140 mm (Ernstlgt1994).

Reproduction

Bermuda’'s population of diamondback terrapins t@lyc commences mating in
February-March and begins egg laying in late Manckarly April, with peak egg laying
observed in May and June. Nesting is known to o¢brough the summer until late
August. The average clutch size is five eggs (ra®d6) and incubation (length of time
between egg deposition and first hatching) takes8319days (mean 61.8 days).
Bermuda’s terrapins exhibit delayed emergence, asttmany as 44% of the hatchlings
remaining buried in their natal nests during thated months. The majority of nesting
appears to occur within the sand bunkers on thes® and #' holes of the Mid Ocean
golf course (most notably th'mnd "), although some nesting has been observed in the
bunkers on the'™ 9" and 11" holes as well. Additionally, residents along thergline

of Mangrove Lake have reported terrapins nestirgasionally in the soil of flower beds
and vegetable gardens on their properties (FigNé3t densities in Bermuda are higher
than those reported in the literature, reachingasy as 2,784 nests/ha (bunker on the 7
hole, 2011). The overall nest density in the buslar the Mid Ocean Golf course for
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2010 and 2011 was calculated to be 347/ha and d4f¥bpectively (Outerbridge,
unpublished data.) The reason for these high dessg believed to be primarily due to
limitations in suitable nesting habitat. The meaptdh of nest chambers was 13.7 cm
(range 11-16 cm), the mean width was 6.7 cm (rd&siecm), and the mean depth of
sand over the top most eggs was 9.6 cm (range Gt¥)3 Terrapin eggs in Bermuda
range in length from 29.6-46.5 mm (mean 35.6 mm,2SDmm); width from 18.0-25.5
mm (mean 21.8 mm, SD 1.4 mm); and mass from 7-16 (mean 10.7 mm; SD 1.5
mm). These biometrics fall well within the publishenean egg dimensions throughout
the North American range (Butler et al., 2006).8Ageneral rule of thumb, the northern
subspecies of terrapins exhibit smaller eggs sizes larger clutches than those
subspecies found in the south.

The overall annual hatching success of Bermudaraga eggs from 2009-2011
was 19%, despite the complete absence of nestgingdredators. A pilot study initiated
in 2009 revealed a very low hatching success d#&of. Of the eggs that did not hatch,
35 (70%) appeared to show no evidence of embryadeieelopment and 6 (12%)
contained dead embryos in various stages of deredop The overall hatching success
for 57 monitored nests (collectively containing 2&8)s) during the 2010 nesting season
was 21%. A total of 61 hatchlings emerged, 165 g@ds6%) appeared to show no
evidence of embryonic development, 33 (12.3%) doath dead embryos in various
stages of development, and 9 (3.4%) contained follsned dead hatchlings - many of
which had managed to break through the shell, bfaiked to successfully emerge from
their nest chambers. Twenty six of the 57 nests64% produced at least one hatchling;
however 31 nests (54.4%) did not produce any hatghl(i.e. experienced total failure).
In 2011, the overall hatching success for 69 moattmests (collectively containing 356
eggs) was 17.6%. A total of 64 hatchlings emer@&d, eggs (77.8%) appeared to show
no evidence of embryonic development, 6 (1.7%) aoet dead embryos, and 9 (2.5%)
contained fully formed dead hatchlings. 30.4% & thonitored nests produced at least
one hatchling; however 69.6% nests did not produmgehatchlings (i.e. experienced total
failure) (Outerbridge, unpublished data).

Hatchling emergence was also studied to quantify fost-hatching nest
residency periods. Emergence periods (defined eadithe between hatching and full
emergence from the nest) ranged from 1-219 days. digtinct emergence patterns were
documented; July-October (during which the meanrgermee time was 31.4 days), and
January-March (during which the mean emergence wae 188.1 days). No emergence
was observed in November and December. A similtepawas observed in 2011 and
2012.

The observed annual hatching rates in Bermudaoarén comparison to regions
which experienced no mammalian depredation wittie North American range;
Feinburg and Burke (2003) reported 93% hatchingcessee during the 1980s when
raccoons were absent within the Jamaica Bay WaldRefuge and Roosenburg et al.
(2003) reported a mean hatching success rate a¥®at a study site devoid of
mammalian predators in Maryland. Nest depredatignsimall mammals has been
identified as a significant source of egg mortality North America (Burger, 1977,
Feinberg and Burke, 2003) however, none of the Bdamests monitored in 2009, 2010
or 2011 experienced any nest depredation.
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Nesting ecology in North America shows variabilityroughout the terrapin
range. Females mature at ages of 4-13 years (Sé&@@d; Lovich and Gibbons, 1990;
Roosenburg, 1991a), with those in the northernspafrthe range taking longer to reach
sexual maturity than those in the southern rangdeMmature at much younger ages of
2-7 years (Cagle, 1952; Seigel, 1984; Lovich andb@mns, 1990; Lovich et al., 1991;
Roosenburg, 1991a; Gibbons et al., 2001). The ngesteason typically begins in late
April and ends in late July for terrapins in Flai@Seigel, 1980b; Butler et al., 2004),
while the nesting seasons in the extreme northamge are restricted to only June and
July (Burger and Montevecchi, 1975; Lazell and Aud®81; Goodwin, 1994; Jeyasuria
et al., 1994; Feinberg and Burke, 2003). In Louajaegg laying may occur as late as
September (Burns and Williams, 1972).

Terrapins are reported to nest on sand dunes, égamhd along the sandy
margins of marshes and islands (Burger and Montéwet975; Burger, 1977; Seigel,
1980b; Roosenburg, 1994). Sand is the preferredingesnedium as it allows for
sufficient gas exchange to occur between the dpuedoembryo and the environment
(Roosenburg, 1994). Nest sites are generally fMdtigh facilitates the postures that
females assume during digging and egg depositioth) w vegetative cover (which
minimizes the destruction of the nests via mammadiad plant root predation.) Diurnal
nesting appears to be the standard for most terrggmpulations (Burger and
Montevecchi, 1975; Seigel, 1980b; Goodwin, 1994)véver nocturnal nesting has been
documented in some populations (Auger and Giovaend®79; Roosenburg, 1992).
Clutch size ranges from 4-22 eggs; northern sulispd@ave the greatest mean clutch
sizes of approx. 16 in Rhode Island (Goodwin, 1994 13 in Maryland (Roosenburg
and Dunham, 1997), while those in Florida have n&atth sizes of approx. 7 (Seigel,
1980b; Butler, 2000). Estimated nesting densitasye from 0.52/ha in Massachusetts
(Auger and Giovannone, 1979) to 157.1/ha in Nevseler(Burger and Montevecchi,
1975), to 1125/ha in Maryland (Roosenburg, 1994).

Terrapins exhibit temperature-dependent sex detation (TSD) whereby the
ambient temperature of the nest medium affectgydreler of the developing embryos.
The thermo-sensitive period (the most critical perfor sexual development) has been
identified as the middle third of the incubationripd, and eggs that have been artificially
incubated at constant temperatures between 24-pr6@uced male hatchlings while
those incubated at 30-32°C produced all femalese(Eand Nelson, 1991; Jeyasuria et
al., 1994; Roosenburg and Kelley, 1996). The teatpees that produce mixed sex ratios
in a nest are believed to be 28.5-29.5°C (Jeyasura., 1994; Roosenburg and Place,
1994), however eggs that are incubated at constargeratures of 35°C or higher fail to
hatch entirely (Cunningham, 1939). TSD has beengestgd as being a factor in biased
sex ratios observed in some terrapin populationsi@h and Gibbons, 1990; Ewert and
Nelson, 1991). Incubation periods (the time it tak& eggs to develop and hatch) vary
from 50-120 days; in New Jersey the mean incubgtieniod was reported to be 76.2
days (Burger, 1977), while terrapins on the eastidh coast had a mean period of 65.6
days (Seigel, 1980c). Hatching occurs from earlygdsi through to mid-October in
northern terrapin populations (Burger, 1977; Robseg, 1991b), and from early July to
early October in some Florida populations (Butleale 2004). Emergence periods (the
time hatchlings spend in the nest prior to leavijgshow tremendous variability
throughout the range; hatchlings may depart hotter datching (Roosenburg and
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Kelley, 1996) or they may spend months over-winigiin the nest chamber and emerge
the following spring (Lazell and Auger, 1981; Roalserg and Kelley, 1996; Baker et al.,
2006).

Legend: (# nests)
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Figure 5. Map illustrating diamondback terrapin nesting atfiencountered during the
2010 and 2011 surveys. Red dots represent nestegif clutches; yellow dots represent
nesting attempts. (A=Mangrove Lake, B=Trott's Po@dSouth Pond, D=North Pond).

Diet and feeding

Diamondback terrapins are carnivorous and seldgtifeed upon a variety of marine
mollusks and crustaceans (namely periwinkles, ¢cnalossels and clams) within the salt
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marsh and mangrove ecosystems throughout theihMoarterican range (see reviews in
(Butler et al., 2006; Ernst and Lovich, 2009). Tha¢o show resource partioning
whereby individuals with wider heads (the largesihéles) consume larger snails and
crabs than those terrapins that possess smallds l{€acker et al., 1995). Terrapins have
been identified as an important component of tlephic dynamics of the salt marsh
ecosystem (Silliman and Bertness, 2002; Davenp0ft]).

The foraging ecology of Bermuda’s terrapins wasn@rad using a variety of
methods (direct observation, necropsy and faecalyses). Faecal analyses, and to a
limited extent necropsies, revealed that Bermudatsapins are consuming a wide
variety of marine and terrestrial food items, butow preference towards pond
gastropods. The frequency of occurrence of eachl fitem is as follows; aquatic
gastropods Heleobops bermudensis, Melanoides tuberculata, Meampus coffeus)
occurred in 66.7% of the faecal samples, while taaterial (primarily mowed grass but
also saw-grass see@adium jamaicense) occurred in 33.3% of the samples. Terrestrial
arthropods (e.g. bees, beetles, isopods, millipecksrpillars, ants) occurred in 14.3%,
fish bones and fish scales occurred in 11.9%, am# ¢coad boneRfinella (formerly
Bufo) marinus) occurred in 4.8%. Reptile boneddlaclemys terrapin), bivalves
(Isognomon alatus) and polychaete wormg\(enicola cristata) occurred in 2.4% of the
faecal samples respectively. Additionally, 73.8%tlté terrapins in this study excreted
sediment, supporting the observation that manyapans are ingesting the sediment
found on the bottom of the ponds (Outerbridge, bfipbed data.) Some of the plant
material (especially the mowed grass) may have hegasted inadvertently while
grazing upon invertebrates and the animal preyelgeeved to have been consumed as
carrion. Carrion eating has been reported in a Newey population of terrapins (Ehret
and Werner, 2004). The sediment consumption is ladédieved to be inadvertent since
the targeted food item#/. tuberculata andH. bermudensis, are benthic gastropods that
inhabit areas rich in detritus and silt (Dundee Bathe, 1977; Roessler et al., 1977). The
occurrence of terrestrial arthropods is believedé¢ofrom terrapins encountering and
ingesting arthropods that have fallen into the gorather than as a result of terrapins
actively foraging within the terrestrial environnhten

Habitat usage

Adult and sub-adult terrapins in Bermuda appeaspend most of the time within the
aguatic environment; however their abundance vaessonally. Monthly head count
surveys were conducted at South Pond (followingntleéhods described in Butler, 2002)
for a 5 minute period each visit. The results shioat the number of observed terrapins
dropped during the winter months (Fig. Il in AppegdBrumation occurs within the
benthic sediment of Mangrove Lake and under the amiinent of South Pond
(Outerbridge unpublished data). Direct observataomd the results from the mark-
recapture surveys indicate that Bermuda'’s terrapmose freely between the various
ponds, traversing overland.

Radio-telemetry was used in August 2010 and Ap@Ll1l to investigate the
survival rate, post hatching movement and habiteiga of hatchling diamondback
terrapins in Bermuda. Ten transmitters (BD-2 mddain Holohil Systems Ltd.) were
attached to the carapaces of ten newly emergedilimgis in both years following the
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method described by Draud et al (2004). The hatghklivere released in sand bunkers on
the 8" and 7 holes and tracked on a daily basis for a 4-5 wesrlod. The results from
the August 2010 session revealed that upon reladisef the hatchlings moved
immediately to the edge of the bunkers and eitheeie into the sand or crawled under
the grass growing at the edge of the bunkers. Edjhthe ten hatchlings remained
concealed in these locations throughout the supayod; however two made major
moves over the open fairways into the mangrove sawd-grass marshes bordering the
ponds. The results from the April 2011 trackingssg®s, in contrast, revealed that
virtually all of the hatchlings quickly moved awéypm the sand bunkers and headed
towards the mangrove trees and marsh grasses. &hes® appear to be critical for the
development of Bermuda’s hatchling and juvenilesigins. The high level of spring-time
activity, however, also makes hatchlings vulnerableavian predation, especially by
yellow crowned night heronslyctanassa violacea.

Young terrapins in the U.S.A. have been reportesetek refuge within dense mats of
vegetation and debris above mean high water lawetalt marshes and tidal mudflats
(Pilter, 1985; Lovich et al., 1991; Roosenburg, 1£)9

F. Current threats

Diamondback terrapins have been listed as a gloledhr threatened species by the
International Union for the Conservation of NatuResources (IUCN). Their status,

which varies from US state to state, ranges frondamgered’ to ‘a species of special
concern’ (Hart and Lee, 2006; Lee and Chew, 200Bjssive over-harvesting for food

consumption in the late f9%nd early 28 centuries led to huge declines in the North
American populations, which continue to be affecbsdhabitat loss, predation, crab
trapping activities and commercial harvest for petde and human consumption
(Roosenburg et al., 1997; Hart and Lee, 2006; Eandt Lovich, 2009). The incidental

capture and drowning of terrapins in commercial gewteational traps designed to catch
blue crabs along the Atlantic and Gulf coasts cwd#s to threaten some terrapin
populations (Roosenburg, 1992; Hoyle and Gibbo®0P and has prompted some
states to require the use of by-catch reductioncds BRDs) on crab traps in order to
minimize terrapin by-catch (Wood, 1997; Hart an& L2006). Road associated mortality
of nesting females has also been identified asgaifgiant threat in some terrapin

populations (Wood and Herlands, 1997). Diamondbsakapins are presently not

harvested for food in Bermuda, nor are they cawmhtby-catch in commercial or

recreational crab traps; however they are thredteridn habitat fragmentation, pollution,

predation, and to a limited extent, motorized vigs@nd human collection.

Lack of suitable habitat

Perhaps the greatest constraint to increasingathgerof Bermuda’s terrapin population
is a lack of suitable wetland habitat. Human atiési have caused nearly all of
Bermuda’'s wetlands to fragment and decline throdgleterious habitat modification.

Since the island’s colonization humans have fillddgdged, drained, denuded, and
polluted the ponds, marshes, and mangrove swamps iffort to create more arable
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land, residential and commercial building siteswa# as waste disposal sites. During the
period of marsh reclamation by garbage disposa2@4®70), five ponds totaling 1.6
hectares were completely filled in. Widespread rdige of marshes was employed as
part of the mosquito control methods in the firalf lof the 28" century as health officials
attempted to prevent the spread of malaria. Recidisate that in the 17century
approximately 127.5 hectares of fresh water pomdarshes and swamps existed,
representing 2.4% of the total land area of Bermitdsas been estimated that during the
1970’s 100 tons of garbage was dumped daily inkoRambroke parish marsh complex
(Sterrer and Wingate, 1981). By 1980 Bermuda’al toesh water wetland area had been
reduced by 65% to only 58.9 hectares (Thomas, 2004jas been suggested that the
most concentrated destruction of Bermuda’s wetlaathmunities occurred between
1941 and 1943 when 32% of the island’s total mavegracreage was destroyed on
Longbird and St. David’s Islands by the constructod the American-operated Kindley
Air Force Base (Sterrer and Wingate, 1981). His&rwritings about Bermuda’s natural
history fail to mention diamondback terrapins ad p&the herpetological fauna (Jones,
1859; Jones and Goode, 1884; Agassiz, 1895; Huté@®7; Verrill, 1902, 1903; Verrill
et al., 1903), thus preventing an estimate of tinér population size and also making
the former distribution of the Bermuda populatiorciear.

A lack of suitable nesting habitat has also beentified as a current constraint to
the long term growth of the population. Presentigré are a few high-density nesting
areas on the" 6" and 7' holes of the Mid Ocean golf course that are fretee by
avian predators (most notably the yellow crownaghthhheronNyctanassa violacea) and
offer little in the way of shading to the incubatieggs. Roosenburg and Place (1994)
suggested that preserving only high-density nestnegs which favour the production of
one gender over the other may not adequately niaimtaviable terrapin population.
Instead the authors recommended that a wide vapétyesting micro-habitats is
necessary to maintain balanced sex ratios.

Pollution

Pollution is considered to be a relatively new #ire diamondback terrapins. Recent
investigations into the health status of the pondirenment in Bermuda suggest that
there is a suite of contaminants of concern thathaving detrimental effects on the
resident fauna (Fort et al., 2006a; Fort et alQG2) Bacon, 2010; Bacon et al., 2012).
These contaminants include petroleum hydrocarbonamely gasoline-range organics
(TPH-GRO) and diesel-range organics (TPH-DRO), pgilic aromatic hydrocarbons
(PAH) and heavy metals. Entry into the wetlands esrthrough storm-water run-off
from adjacent roadways, aerial deposition and letecirom nearby landfills and ground-
water sources. Ponds located within and adjacemgplbcourses are among the most
toxic wetlands in Bermuda (J. Bacon personal comaation). Water and sediment from
three of the four diamondback ponds (Trott’'s Paddngrove Lake, and South Pond)
were collected and analyzed in 2009 by Fort Envitental Laboratories. Results showed
that all three ponds had highly contaminated sewdinBacon and Fort, 2010). Tissue
residue analyses from cane toaRhkiella marinus), mosquitofishGambusia holbrooki,
killifish Fundulus spp., and red-eared slidénsachemys scripta el egans collected from a
variety of contaminated wetlands across Bermudae haliowed that petroleum
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hydrocarbons, polycyclic aromatic hydrocarbons lagavy metals are being accumulated
and inducing developmental malformations, endocrhgruption, liver and gonad
abnormalities, and immunological stress (Bacon, 020Bacon et al.,, 2012).
Diamondback terrapins are known molluscivores tghmut their North American range
(Tucker et al., 1995), and investigations into tleeding ecology of Bermuda’s
diamondback terrapins have shown that they arecalssuming small gastropods, which
are known bio-accumulators of toxic compounds alefity large quantities of benthic
sediment (Outerbridge, unpublished data). Terrapinghe U.S.A. accumulate heavy
metals in liver and muscle tissue (Burger, 2002guanulate PAHs in eggs (Holliday et
al., 2008), and have been used as bio-indicatoeneironmental contaminants in salt
marsh ecosystems (Blanvillain et al., 2007; Bastlal., 2011), however the long-term
effects of such exposure are unknown. Evidencecatds that total petroleum
hydrocarbons (particularly the diesel-range organias well as polycyclic aromatic
hydrocarbons (most notably fluorene, pyrene, chmgsand benzo(a)anthracene) and
heavy metals (including lead, cadmium, zinc andcegt) are being accumulated by
aquatic gastropods and diamondback terrapins imBea (Outerbridge unpublished
data).

Predation

Terrapin nests and hatchlings are preyed uponwia variety of predators throughout
the North American range. Predators include smalinmals (raccoons, skunks, foxes,
rats) and birds (gulls, crows, herons), as welglasst crabs, ants, and plant roots (most
notably dune grass) (see review in Ernst and Lo\26i09). Adult terrapins (particularly
nesting females) are also occasionally preyed Ugyoraccoons (Seigel, 1980a; Feinberg
and Burke, 2003). Draud et al (2004) reported thatNorway raRattus norvegicus was

a major predator on hatchlings and juveniles (2% SCL) in a New York population,
but perhaps the greatest terrapin predator isa¢beoon which has been responsible for
destroying 87-99% of nests in various regions irrthNdAmerica (Roosenburg, 1992;
Feinberg and Burke, 2003; Butler et al., 2004).

Yellow crowned night herons have been identifiedaasignificant predator to
hatchling and juvenile terrapins in Bermuda. Tlged@es was observed preying upon ten
neonate terrapins among the emergent pond vegetati®outh Pond over a 4-week
period between 8:00 and 18:00 hrs in the sprin@Gif0. Subsequent radio-telemetry
investigations suggested that yellow crowned nigdtbons may be responsible for at least
40%, and possibly up to 70%, of the mortality ofichéings within one month of
emerging from hibernacula. Furthermore, this sgeofeneron may remain a predator to
neonate terrapins for three years following hatgtftduterbridge, unpublished data).

Motorized vehicles

Observations made between 2009 and 2012 indicdtat hatchling terrapins are
occasionally run over by motorized vehicles (go#rts, law mowers, trucks, etc.)
operating on the Mid Ocean golf course. This sowfceortality is thought to be low,

but each year during the survey period at least latehling was discovered crushed
upon the cart paths between Mangrove Lake and Satk. It is believed that they are
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accidentally killed by motorists unaware of theiegence on the road as they wander in
search of the wetland vegetation that borders thedgp Road mortality has been
identified as a major source of death among aéuttale terrapins in parts of their North
American range. Adult females are killed every imgstseason as they search for
alternative nesting sites on highway embankmentsigalthe Atlantic coast of New
Jersey. During a seven year period, over 4,00@psrs were discovered as road Kkill
during routine patrols at one study site (Wood Hedands, 1997).

Human collection

Anecdotal evidence suggests that some diamondleackpins in Bermuda have been
removed from ponds as pets. The total number cdpers currently kept in captivity by
members of the general public is unknown. Thisvégtiis of concern as it removes
valuable individuals from the local breeding popioia.

Commercial interest in diamondback terrapins res&igh in the U.S.A. This
interest is largely driven by the pet trade indgsémd most specimens are exported to
Asian markets where hatchlings can sell for US8680-(Anonymous, 2013).

G. Current conservation action

Artificial incubation of terrapin eggs collectecbin the wild was first attempted at the
Bermuda Aquarium Museum and Zoo in 1994. The hatrlsuccess was very limited
(only four eggs produced hatchlings out of 18 eggHected from three different
clutches) and three of the individuals (one die@revsubsequently kept on display at
BAMZ for a number of years (R. Marirggrs. comm.) Egg incubation was re-attempted
in 2012 during which 74 eggs were collected fromn&8ts located in the sand bunkers
between the B and 7" holes on the Mid Ocean golf course. Thirty thrggse(44.6%)
developed into hatchlings, of which 29 were subeatjy released into the wild (four
hatchlings died in captivity shortly after hatching

Raising awareness about the vulnerable statusfrtgile oceanic population is
on-going, with organized public and private lectugecurring throughout the calendar
year. Bermuda’s terrapins have featured in sevecal newspaper articles, in local and
international magazines as well as on a local igl®v documentary. A representative
from Bermuda has been actively participating in thennial Diamondback Terrapin
Working Group symposia since 2007 and maintains @ji@ogue with the south-eastern
regional group (to which Bermuda is a member).
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PART II: RECOVERY

A. Recovery goal

The principal aim of this Recovery Plan is to irage both the population level and the
areas of residency for diamondback terrapins imBela. The short term goal (5 years)
is to continue to research the biology and ecoloiggermuda’s diamondback terrapins,
as well as assess the suitability of appropriateitéts and ensure their protection, in
order to promote effective management. The long tgoal (30 years) is to increase the
population levels and range of Bermuda’s terrapamjancing natural recruitment and
restoring wetland habitats.

B. Recovery objectivesand criteria
Favorable conservation status will be achieved when

* The genetic diversity of Bermuda’s extant populaimfully understood.

» All current and potential habitats suitable for dandback terrapin growth,
reproduction and survival are identified, assessestored and protected under
legislation.

» Diamondback terrapins are viable residents in astl¢hree separate geographic
locations throughout Bermuda.

» Population levels in Bermuda indicate that terrapne successfully maintaining
themselves on a long-term basis and showing adedpatls of recruitment.

These overall objectives translate into specifigets outlined below:

Short-term target (5 years): To ensure that by 20ll8tudies necessary for development
of effective management will be complete, and thath species and habitat will be
protected under legislation. Habitats will be idieed as “Critical Habitat” and
designated as such under law, should they be amesiccrucial to the recovery of the
species. This short-term goal includes examinimgittippact that environmental pollution
has upon terrapin health and additional investgetito determine sources of threats to
their survival. During this time, the identificaticand assessment of “health” status of
current and potential habitats will be conducted.

Long-term target (30 years): Following the habaasessments, restoration of habitats
deemed suitable for diamondback terrapins will lEathe potential to increase both the
area of occupancy and population within each péwmtificial egg incubation and head-
starting of hatchlings may be needed to achiegltimg-term goal. Monitoring of efforts
will be necessary to evaluate survival and growtnewly established populations, and
determine their self-sustainability.
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C. Recovery strategy

The species addressed in this recovery plan arertdly restricted in both population
size (approx. 100 individuats81 mm SCL) and range (total area of residencysis tkan

1 knTf). Bermuda’s wetlands are easily impacted upon Ihysigal disturbances (e.g.
development), chemical processes (e.g. fertilipesticide, herbicide and road run-off
from surrounding lands) and ecological processeg. (encroachment of invasive
species). In the case of the ponds on the Mid ©¢gdf course, these activities are
primarily via course maintenance which results istudbance and fragmentation of the
various habitats required during each stage ofliteecycle (e.g. nesting and juvenile
developmental habitats.) The strategy for recovemplves around the protection of
wetland habitats, the assessment of their “headthtus, namely sediment and water
guality, their remediation in some cases, and i dctive intervention required for
increasing the species distribution to a greatergea The selection of ponds for
translocation is critical as habitat quality apgegamor in several areas, based on previous
sediment analyses and toxicological examinatiomedfeared sliders (J. Bacopers.
comm.). This further drives the need for habitat protet of “healthier” ponds,
controlling as much as possible input from extersalirces. It is believed that
contaminants appear to be entering some of thesptbmdugh groundwater, atmospheric
deposition and/or road run-off (Bacon et al., 20B3¥dator control should be seasonally
employed in order to reduce hatchling mortality amctease recruitment to the existing
population, stock enhancement via artificial eggulvation and captive rearing of
hatchlings should be considered as a tool for 8tabéishment of populations in sites
considered adequate, and success for growth antvauof the species further ensured
via legislated habitat protection.

D. Toolsavailablefor strategy

One tool is to seek collaboration with partneritngibns that already have experience in
successful research and conservation activitie20lhl Bermuda, through a regional
representative (MO), became a life-time membehef@iamondback Terrapin Working
Group, which is a body of people and organizatioommitted to research, conservation
management and education efforts that benefitgernaopulations and their associated
ecosystems. Terrapins are an ideal species foiveaparing as demonstrated by the
Wetlands Institute in New Jersey which has a 20 hestory of successfully incubating
eggs and head-starting young diamondback terrafiisod and Herlands, 1997;
Herlands et al., 2004). Additionally, there is imf@tion available on the levels of
contaminants, such as heavy metals, pesticidesrmalcauticals, total petroleum
hydrocarbons (TPHs) and polycyclic aromatic hydrboas (PAHs) for some of
Bermuda’s ponds, including South Pond, Trott's Pand Mangrove Lake. Sediment
analyses and red-eared slider tissue analyses e conducted, providing data on
suitability of selected ponds and the health oirtresident sliders. Necropsies on sliders
from a number of ponds have also indicated abnatigslin reproductive tissue and
should be taken into consideration when planningréutranslocation programmes. All
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of this data is documented by Drs Jamie Bacon (BdemZoological Society) and
Douglas Fort (Fort Environmental Laboratories Inc.)

E. Step-down narrative of work plan

Abbreviations used in sections E and F:
DCS — Department of Conservation Services
DPW — Department of Public Works

Parks — Department of Parks

Planning — Department of Planning

DEH - Department of Environmental Health
AG - Attorney General’'s Chambers

MOC — Mid Ocean Club

BZS — Bermuda Zoological Society

BNT — Bermuda National Trust

BAMZ — Bermuda Aquarium Museum and Zoo
USGS — United States Geological Survey
FEL — Fort Environmental Laboratories

The actions needed to achieve recovery are asgllo

1. Protect wetland habitats of extant terrapin poputatthrough

legislation,

2. Restore protected wetland habitats of current ¢xtapulation,

3. Identify, assess, protect and restore wetland &shiteemed suitable
for diamondback terrapin introduction,

4. Increase population size through increased hatclsingcess and
recruitment to the adult population,

5. Expand area of residency through translocatiomdifviduals raised in
captivity,

6. Identify the full genetic composition of existingguulation,

7. Develop research programmes on understanding thectefthat

environmental contaminants have upon the reprogidiiology and
overall health of terrapins in Bermuda,

8. Promote conservation education programmes congerfBarmuda’s
terrapin population,
9. Continued population monitoring.
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1. Protect wetland habitats of extant terrapin popaethrough legislation.

Actions proposed:
» Designation of Mangrove Lake, South Pond, NorthdR@amd Trott's
Pond as “critical habitat” for Bermuda’s diamondk&errapins.

Work team: DCS

Team leader: DCS

Assistance: AG

Outputs: Legislation for habitat protection

List of equipment required: GPS for boundary ddtimn, GIS mapping
applications.

2. Restore protected wetland habitats of current éxtapulation.

Actions proposed:

» Diversify and increase the area of nesting habitat,

* Increase the area required for neonate and juveddgelopment
(including the establishment of terrapin corridbetween nest sites and
wetlands),

* Produce habitat management and landscaping gutdelor land owners
bordering the ponds,

» Create buffer zones between road drains and ponds,

* Initiate remediation of select ponds where appseipri(e.g. use of
diatomaceous earth to bind pollutants in sedimewtlically plant and
remove vegetation known to absorb pollutants anckase the activity of
indigenous bacteria that are capable of metabgligoilutants),

* Monitor sediment and water quality in South PondrtN Pond, Mangrove
Lake and Trott’s Pond.

Work team: DCS, MOC, DPW and collaborative inst@gntfor sample analyses
Team leader: DCS

Assistance: BZS, BNT and private land owners

Outputs: Creation of a more terrapin-friendly eomiment that promotes long-
term population stability.

List of equipment required: Beach sand for creabbmesting habitat, funding
required for laboratory analyses of sediment angemsamples.
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3. ldentify, assess, protect and restore wetland &tsbiteemed suitable for
diamondback terrapin introduction.

Actions proposed:

* Survey all of Bermuda’s wetlands for suitable exgyan habitats,

» Designate identified wetlands as “critical habitit’ diamondback
terrapins,

* Produce habitat management guidelines for terrapins

* Remove red-eared sliders from wetlands identifiedwtable for terrapin
introduction,

* Initiate remediation of select ponds where appsedpri(e.g. use of
diatomaceous earth to bind pollutants in sedimewtjically plant and
remove vegetation known to absorb pollutants antkase the activity of
indigenous bacteria that are capable of metabgligoilutants).

Work team: DCS, Parks, DPW, Planning and AG

Team leader: DCS

Assistance: BNT, DEH and private land owners

Outputs: Creation of a greater diversity of temafsiendly wetlands that
promotes long-term population stability.

List of equipment required: Boat, traps and baittf@ capture of feral red-
eared sliders.

4. Increase population size through increased hatchingess and recruitment to
the adult population.

Actions proposed:

* Reduce and control predators (e.g. yellow-crownigthtrherons and
rats), especially during periods of hatchling emeergn areas where
hatchlings and small juvenile terrapins reside,

* Increase ground cover between nest sites and wistlay establishing
terrapin corridors using natural vegetation,

* Relocate terrapin nests from areas subjected tuér disturbance
(i.,e. sand bunkers on golf course) to areas sudgedb less
disturbance,

* Initiate an artificial egg incubation and head-ttay programme.

Work team: DCS, MOC

Team leader: DCS

Assistance: BZS, members of the public

Outputs: Enhancing population size of natural stcakd engaging
community in preservation of threatened native gec

List of equipment required: Egg incubator, headtistg tanks, rat poison.
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5. Expand area of residency through translocatiomaif/iduals raised in captivity.

Actions proposed:
» Assess requirements for most favorable transfersaptive raised
individuals to suitable wetlands,
* Introduce juvenile terrapins into suitable wetlamdequal sex ratio,
* Monitor populations via a mark-recapture programme.

Work team: DCS

Team leader: DCS

Assistance: Members of the public

Outputs: Assessment of terrapin populations follgatranslocation,
increasing range of occupancy and optimizing sahi¥ the species, data on
terrapin requirements for optimal growth and sualiv

List of equipment required: Boat, traps and baitcapture of diamondback
terrapins.

6. ldentify the full genetic composition of existingulation.

Actions proposed:
* Continued collection of tissue samples,
* Analysis of collected samples

Work team: DCS and USGS

Team leader: DCS

Assistance: Dr. Kristen Hart (USGS)

Outputs: Determination of genetic diversity of exttpopulation in Bermuda and
a population level genetic scientific publication.

List of equipment required: Boat, traps and baitcapture of diamondback
terrapins and funding required for laboratory fees.

7. Develop research programmes on understanding fibet®that environmental
contaminants have upon the reproductive biologyausiall health of terrapins
in Bermuda.

Actions proposed:
» Collect terrapin blood samples for hormone and f@astal analyses,
* Monitor red-eared sliders at select locations vexrapsy and tissue
analyses for metals, total petroleum hydrocarbdmHs) and polycyclic
aromatic hydrocarbons (PAHS).
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Work team: DCS and collaborative institution forcrapsies, tissue and blood
sample analyses (FEL)

Team leader: DCS

Assistance: Graduate student for research studies

Outputs: Determination of eco-toxicological effeotsterrapins in Bermuda and a
scientific publication.

List of equipment required: Boat, traps and bait éapture of sliders and
terrapins, funding required for laboratory fees.

. Promote conservation education programmes congeBenmuda’s terrapin
population.

Actions proposed:

 Create and post cautionary and interpretive signagerelevant
locations on the Mid Ocean golf course that exglaihe natural
history of terrapins as well as the threats fa¢hegyspecies (e.qg. turtle

crossing signs at locations on the cart paths edjato Mangrove
Lake and South Pond),

» Perform periodic presentations to public on the legpo and
conservation of Bermuda’s terrapin population,

* Publish scientific papers based upon researchngsdin addition to
annual management plan progress reports.

Work team: DCS, MOC

Team leader: DCS

Assistance: BZS

Outputs: Engaging community in preservation ofveterrapins.

List of equipment required: Text and image matsrat signage
. Continued population monitoring.

Actions proposed:
* Monitor all terrapin populations via a mark-recaptprogramme.

Work team: DCS

Team leader: DCS

Assistance: Volunteer interns

Outputs: Comprehensive assessment of existingexedtablished populations.

List of equipment required: Materials for populatisurveys (boat, traps, bait,
calipers, spring scales.)
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F. Estimated date of down listing

It is anticipated that it will take at least fivears to identify and restore key habitats for
Bermuda’s terrapins, and one year to complete itBe Head-starting and translocation
initiative. Diamondback terrapins are a slow gragyifong-lived species therefore

programmes developed to aide in their recovery needcognize that there may be long
delays before favorable responses can be detettesl.only once implemented actions

are evaluated that down listing (or removal) o thpecies will be considered, following

assessments of population distribution and habigatity monitoring. Re-assessment of
this species should be done every ten years.
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PART Ill: IMPLEMENTATION

Priority 1. An action that must be taken to prevent extinctoto prevent the species
from declining irreversibly.
Priority 2: An action that must be taken to prevent a significkecline in the species
population/habitat quality, or some other significaegative impact short of extinction.
Priority 3: All other action necessary to provide for full reeoy of the species.

Priority # | Task # | Task description Task Responsible
Duration | Party
1 Protection of wetland habitats of extant
population
1 Designation of current sites as ‘critical | 12 months) DCS, AG
habitat’
1 Restoration of wetland habitats of
extant population
2 Diversify and increase the area of nestir§ months | DCS, MOC
habitat
3 Increase the area required for hatchling 24 months) DCS, MOC
and juvenile development
4 Produce habitat management guidelines 3 month<€S D
5 Create buffer zones between road draind2 months) DPW
and ponds
6 Initiate remediation of select ponds whe24 months| DCS
appropriate
7 Monitor sediment and water quality indefinite ®C
2 I dentification and assessment of
additional wetland habitats for
translocation
1 Survey for suitable expansion habitats 100 mabCS
hours
2 Designate identified wetlands as ‘critical12 months DCS, AG
habitat’
3 Produce habitat management guidelinegs 3 month<€S D
4 Remove red-eared sliders indefinife DCS
5 Initiate remediation of select ponds whe4 months DCS, DPW
appropriate
2 Enhance population numbers
6 Control predators indefinite DCS, MO(
7 Increase ground cover between nest sitd? months) MOC
and wetlands
8 Relocate terrapin nests indefinite | DCS
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»GS

9 Initiate an artificial egg incubation and | 12 months DCS,
head-starting programme BAMZ
Expand area of occupancy through
translocations

10 Assess requirements for successful 6 months | DCS
transfers

11 Introduce captive raised juvenile terrapirismonth DCS,

BAMZ

12 Monitor populations indefinite DCS
Resear ch genetic composition

1 Collection of tissue samples 12 monfi3CS

2 Analyses of collected samples 6 months DCS, US
Resear ch into effects of contaminants

3 Collect terrapin blood samples 12 monti3CS

4 Monitor red-eared sliders at select indefinite | DCS, FEL
locations
Promote conservation education

5 Create and post cautionary and 3 months | DCS, MOC
interpretive signage

6 Continue public presentations indefinite DCS

7 Publish scientific papers and annual | indefinite | DCS
reports
Continued population monitoring

8 Monitor all terrapin populations indefinite  DCS
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