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Abstract:
Diamondback terrapins (Malaclemys terrapin) are found in coastal waters of eastern
United States and are the only completely estuarine turtles in North America .. They are
relatively common in the Hudson River Bight, and in fragmented populations along the
coastlines of Long Island. They inhabit cordgrass (Spartina) marshes and tidal creeks,
where they feed on mollusks, crustaceans and other invertebrates. Recent research
suggests that terrapins are ecologically critical species for maintenance of natural nutrient
and energy pathways in their ecosystems.
Terrapins are easily the most abundant repttles in Jamaica Bay Wildlife Refuge. With the
combination of high visitation rates and additional millions of potential visitors within
easy driving distance, there is an excellent opportunity to use terrapins within JBWR as a
vehicle for environmental education.
Terrapin populations range-wide appear to be decreasing due to a variety of factors, and
thus it is important that effective conservation measures be implemented. Despite their
ecological importance and rare status, no detailed information is available about
population size or survivorship. This lack of data is of particular concern because our
recent work suggests that recruitment may have dropped dramatically in the last decade,
since raccoons were introduced to JBWR. We seek to learn more about the impact of
raccoons and other predators on the terrapin population of JBWR, and, if appropriate,
assist in the development of conservation efforts needed to ensure the persistence of this
population.

Background:
Statement ofIssue-
The diamondback terrapin, Malaclemys terrapin, can be found in salt marshes and tidal
creeks of the Atlantic and Gulf coasts of North America. Their ability to tolerate salt
water is due to salt-excreting orbital salt glands; these have been found to be so efficient
that the terrapins can tolerate full sea water for months (Davenport et al. 1990). Despite
their unusually high tolerance of salt water, terrapins are not sea turtles. They have
clawed feet rather than flippers, and belong to the same family (Emydidae) as other
common New York species, such as painted turtles (Chrysemys picta) and eastern box
turtles (Terrapene carolina). However, both sea turtles, especially juveniles, and
diamondback terrapins feed in nearshore salt-water habitats and in some ecosystems
members of the two species may be found together.
Previous work has shown that terrapins are responsible for a significant amount of
cropping of crustaceans, crabs, molluscs, and other invertebrates (Tucker et al. 1995).
For example, terrapin predation has been shown to dramatically reduce the abundance of
periwinkles (Littorina) (Levesque and Fauth 1999). In addition, terrapins move enormous
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quantities of nutrients and calories from water to land in the form of eggs. Terrapin eggs,
as well as emerging hatchlings, are preyed upon by a variety of predators, including
foxes, mink, crows, gulls, and raccoons. For example, recent work in Jamaica Bay
Wildlife Refuge suggest that eggs equivalent to 300,000 Kcal were eaten by raccoons in
one small beach in a single year (Feinberg and Burke, in press). Adults, especially
nesting females, are also vulnerable to predation, especially to raccoons (Feinberg and
Burke, in press, Ernst et al. 1994).
Terrapin populations, historically large but unmeasured throughout estuarine habitats of
New York (Morreale 1992), suffered a precipitous decline in numbers around the turn of
the century as they were harvested in huge numbers, primarily for the New York City
soup market. Terrapin populations recovered somewhat in some areas subsequent to the
collapse of the soup industry in the 1930's. In addition to the animals originally present
in the area, a large number of terrapins, not necessarily from northern populations, were
released in the Hudson Bight area around time of the collapse of the market for soup
animals (Spagnoli and Marganoff 1975). Currently, there is no information available on
population sizes or movements of terrapins in New York, other than presence/absence
data (e.g., Morreale 1992). It appears that the populations in New York have recovered
somewhat. Malaclemys terrapin is currently considered a "Species of Special Concern,"
in New York State. This status is used to designate species that are extremely uncommon
in an area and/or have specific habitat requirements and thus must be carefully
monitored. The New Jersey National Heritage Program describes the species as
"believed to be in peril but the degree of rarity [is] uncertain"; this is largely due to
uncertainty about the impact of accidental drownings in crab traps.
The Jamaica Bay terrapin population is undoubtedly the largest in New York State, and
probably the largest in the entire northeastern U.S. The size of this population is likely
due mostly to the large size and productivity of the wetlands of Gateway National
Recreational Area. The sparsely vegetated, sandy shorelines of Gateway also provide
ideal nesting beaches for terrapins. For example, well in excess of 1800 terrapin nests are
laid annually in the Jamaica Bay unit of Gateway alone (Feinberg and Burke, in press).
In addition, the entire Gateway National Recreational Area receives complete, year round
protection from commercial and recreational harvest, which prevents removal of
terrapins. Not surprisingly, terrapins are the most abundant reptile found in Gateway, and
are often observed in shallow tidal creeks and flats in many areas of the park
(Anonymous 1989). As such, they are a well-known and popular wildlife component of
Jamaica Bay Wildlife Refuge. However, the species is under threat by increased
urbanization, as well as the recent introduction of raccoons into the area (Feinberg and
Burke, in press).

Although it is obvious even from just the sheer number of terrapins nesting at
Jamaica Bay Wildlife Refuge, numerous observations of terrapins throughout Gateway
National Recreational Area, and sightings of terrapins on the Hudson River that a large
population of terrapins is currently utilizing the Hudson River Bight, the size and status
of this population is unknown. This uncertainty is particularly risky because Jamaica Bay
Wildlife Refuge has come under threat recently due to the increased presence of raccoons
(as major predators) and the urbanization of the area around the Refuge. Cook (1989)
reported essentially no predation on terrapin nests in the 1980's. This is not surprising
because raccoons, which are important egg predators in many turtle populations, did not



historically inhabit Jamaica Bay Wildlife Refuge (O'Connell 1980). It was not until 1990
that raccoons first reached the Refuge, and it was then considered extremely rare to find
even a single dead raccoon per year on Cross Bay Boulevard, the road leading to the
Refuge. These low predation levels may have been responsible, at least in part, for the
buildup of a large terrapin population in the Bight. However, Feinberg and Burke (in
press) observed large numbers of raccoons foraging in turtle nesting areas during the
nesting season, found turtle egg shell fragments in hundreds of raccoon scats, and
documented nearly 100% nest predation levels in 1998 and 1999. In addition, small
numbers of adult female terrapins were found killed in a manner typical of raccoon
predation elsewhere, suggesting that the raccoons are not only greatly reducing terrapin
recruitment now but also affecting the adult population. Without an accurate estimate of
the effects of the new rate of predation on terrapin population size, it is impossible to
know how it may impact the future of terrapins. It is quite difficult to census adult
populations directly, thus studies of nesting ecology and year-to-year measures ofthe
numbers of nesting females provide a good estimate of population status.
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Scope of study-
I intend to carry out this work within the Jamaica Bay/Breezy Point Unit of Gateway
National Recreational Area, primarily on the island of Ruler's Bar Hassock.



Intended use of results-
The outcome of this work will be a better understanding of the factors affecting the
reproduction and survivorship of diamondback terrapins at GNRA. This better
understanding should facilitate data-based management. Undergraduate research
projects, master's thesis, and peer-reviewed publications will be prepared on the basis of
this research.

Objectives:
The objective of my research is to determine whether raccoons and/or other predators are
having a significant impact on recruitment into the diamondback terrapin population at
Jamaica Bay Wildlife Refuge.

Methods:
Description of study area-
The primary study area will be the island known as Ruler's Bar Hassock in what is
sometimes called the "Tern Nesting Area." However, terrapins nest in many places on
Ruler's Bar Hassock, so these areas will be studied as well.

Procedures-
Teams of volunteers and students will search through the various places on

Ruler's Bar Hassock where terrapins nest throughout the nesting season, approximately
late May through the beginning of August each year. Adult turtles encountered will be
observed inconspicuously if they are nesting or appear about to do so. When nesting is
complete, the nest site will be marked and the female turtle will be weighed, measured,
marked, and released. Adult turtles that are encountered either after nesting or too
disturbed to nest at that time will be weighed, measured, marked and released. Blood
samples (ca. 0.5ml) will be taken from some adult females. Marked nests will be
checked daily until predated. Some nests will be protected from above-ground predators
so that egg viability and below-ground predation can be measured. Regularly, throughout
the nesting season, the entire nesting area will be surveyed for the remains of predated
nests and terrapin carcasses.

Some females encountered while too disturbed to nest will be taken temporarily to
the Animal Facility at Hofstra University. There they will be induced to lay their eggs,
via injections of the natural and safe hormone oxytocin. This procedure takes about two
hours, while the turtles behave as if nesting normally. After this time, the turtles can be
returned to the place of capture and released. Some eggs will be incubated for tests of
egg viability and to measure the impacts of substrate moisture and incubation temperature
on hatchling sex and other characteristics. Other eggs and resulting hatchlings will be
used for paternity tests.

Raccoons will be trapped using Tomahawk live traps. Each raccoon will be
tranquilized, weighed and measured, uniquely marked, and released.

Collections-
Blood samples will be taken from some adult female terrapins. As many as 100-300
eggs/year may be collected from gravid female terrapins at Hofstra University for
experiments there. When these experiments result in hatchlings that may be released,



released will be coordinated with JBWR personnel. Carcasses of terrapins and raccoons
found at JBWR will be kept at Hofstra University until research is complete.

Analysis-
Standard statistical tests will be utilized to analyze the data using SPSS.

Schedule-
Nesting terrapins will be studied throughout the nesting season, from late May until early
August. Nests will be monitored until predation or hatchling emergence. Hatchlings will
be monitored from emergence until they enter water. Raccoons will be live-trapped and
released from once to three times/year, depending on the frequency needed for population
estimation.

Budget-
This project is funded by the New York City Environmental Fund, the Hudson River
Foundation, and funds from Hofstra University.

Products:
Publications and reports-
See "intended use of results" section above.

Collections-
See "collections" section above. Nearly all specimens collected during this project will be
consumed during analysis, the remainder will be released. Any remaining specimens
designated as permanent voucher collections will be fixed and deposited in a repository
acceptable to the National Park Service and documented using NPS standards.

Data and other materials-
n/a

Literature cited:
See 'relevant literature' above.

Qualifications:
The P.1. has considerable experience with all the methods, techniques, and equipment
described here. See attached curriculum vitae for more information.

Supporting documentation and special concerns:
Safety-
n/a

Access to study sites-
All sites are accessible from main roads and the main trail of JBWR. Permission to work
off designated trails and on the "terrapin trail" while closed will be necessary.



Chemical use-
Telazol, a regulated substance, is used to sedate trapped raccoons. This use is under the
supervision of a veterinarian who is a member of Hofstra University's Institutional
Animal Care and Use Committee.

Ground disturbance-
Little or none

Animal welfare-
This research has been approved by Hofstra University's Institutional Animal Care and _
Use Committee.

NPS assistance-
None needed, except that the "Terrapin Trail" should be closed from the last week of
May through the first week of August.

Wilderness 'minimum requirement' protocols-
n/a
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