


Chapter 2

A Coast-Hugging Turtle

T    inhabits brackish waters
bordering prime real estate along a narrow ribbon of coastline
that traces the Atlantic Ocean and Gulf of Mexico. The range

extends from north temperate to subtropical climate zones and is generally
classified as salt marsh in most locations. The most extreme variation of the
habitat can be found in the mangrove swamps of Florida Bay and the Florida
Keys, which are home to the southernmost population of terrapins. Despite
the dense human population in coastal communities, very few coastal inhab-
itants and visitors have actually seen diamondback terrapins in their natural
setting. A closer look at the salt marsh and mangrove swamp reveals why
these are ideal terrapin locales and clarifies the importance of the health of
these regions for the survival of Malaclemys terrapin.

The Atlantic Salt Marsh
The smell of low tide in a salt marsh is so distinctive that those who live near
one can often tell the status of the tides by using only olfaction. If it’s not too
powerful, I actually enjoy this marshy smell, perhaps because I associate it
with summers near the beach, but some folks, justifiably, find it offensive. The
marshy odor, sometimes very strong and most noticeable at low tide when the
flats are exposed, is due to the production of hydrogen sulfide (HS) by bac-
teria that reside in the darkly colored sediments just below the surface. Marsh
sediments are composed of minute particles, so small and so compacted that
very little oxygen is present. The bacteria that have adapted to this hostile
environment have figured out how to use sulfate for their metabolism similar
to the way we use oxygen, but the resulting end product is smelly HS rather
than odorless water, HO. Hydrogen sulfide is a colorless gas that easily wafts
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into the air and disperses all around the marsh and neighboring areas. It is the
same gas produced during the decomposition of eggs.

Salt marshes form where there are indentations along the coastline, often
in regions that are partially surrounded by land and sheltered from wave
action. These locations include areas protected by sand bars and barrier
islands as well as the land bordering bays, inlets, and coves. The daily cycle of
the marsh is dictated by the semidiurnal tides; the alternation of high tides
with low tides occurs twice a day at intervals of approximately six hours. The
magnitude of tidal variation is determined by location. In New England and
Georgia, the difference between the mean high and low water marks averages
about  meters (almost  feet), while in the mid-Atlantic states and Florida,
tides may vary less than  to  meters (. to . feet). During low tide, the area
of the marsh that was under water at high tide becomes exposed. This area
washed by the tide is referred to as the intertidal zone and contains a unique
collection of organisms that have adjusted to and may actually prefer periodic
flooding. The tides have a major effect on the salinity of the marsh. During
low tide, on a hot, sunny, summer day, the salinity of the marsh may increase
to  ppt, twice that of seawater, while after heavy rains, the salinity may
decrease to less than half that of seawater.

Some salt marshes are located near estuaries where fresh flowing river
water flows into the ocean or bay. The geographic boundary of the estuary is
usually drawn upriver where the salinity decreases to . ppt, a condition that
is considered to be fresh (Berrill and Berrill, ). Subject to tidal flow, the
estuary is constantly remolded by sediments, fluctuating water levels, and the
constant mixing of fresh and salt water. In addition to changeable salinity,
estuarine water temperatures are quite variable. Unstable salinity and temper-
ature are not tolerated by many organisms. However, the nutrient-rich estu-
ary can promote the growth of tolerant species of phytoplankton that are part
of an important food web. The phytoplankton serve as food for larvae of
invertebrates, including worms, snails, mollusks, and crustaceans, that in turn
become food for fish and diamondback terrapins.

On visual inspection, the salt marsh is dominated by rooted, salt-tolerant
plants in the genus Spartina (plate ). One type of Spartina is low-growing
salt-marsh hay, Spartina patens. This grass may only be fully exposed to salt
water twice a month, during high spring tides. These brief periods of salt
exposure are critical because they allow S. patens to retain its foothold in the
marsh and not be overtaken by freshwater marsh plants whose roots cannot
tolerate even small amounts of salt. Expanses of the short, thin blades of this
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dominant salt-marsh plant form luxuriant meadows. We often see masses of
Spartina patens flattened down by the wind in whirled patterns known as
cowlicks because they resemble similar patterns that can characterize human
hair (Teal and Teal, ). In the s, salt hay was the resource that attracted
early Cape Cod settlers. Although the Pilgrims initially abandoned the Cape
after the Mayflower first landed in Provincetown, they remembered the
marshes, and eventually returned to use the meadowlands as pasture or to cut
and collect hay to feed their livestock.

Spartina alterniflora, often referred to as cordgrass, prefers a wetter sub-
strate. It grows in tall, stiff, dark green spikes and tends to be partially covered
during each high tide. Its stems,  to  meters (. to . feet) tall, were used by
colonists as thatch for roofs. Sprinkled among the Spartina are other, often
solitary salt-marsh plants, most of which are found in the higher, drier areas of
the marsh. These include spikegrass (Distichlis), black needle rush (Juncus), the
woody stemmed marsh elder (Iva), the leafless succulent glasswort (Salicornia),
the spear-leaved arrow plant (Atriplex), and the late summer-blooming plants
such as sea lavender (Limonium), prized for dried floral arrangements, the
marsh aster (Aster), and seaside goldenrod (Solidago). On the seaward side of
the marsh, eelgrass (Zostera marina) beds help to trap sediments, allow the
marsh to grow, and serve as a nursery for many aquatic organisms.

With their expanses of plants and algae, salt marshes are very productive
habitats. Spartina is an important component of the marsh food web. In the
absence of large herbivores to graze on stems and leaves, Spartina becomes
food indirectly, after its outer leaves die. The invisible single-celled, micro-
scopic marsh organisms, consisting of many types of bacteria, transform the
grasses to detritus. Coupled with algae, the detritus completes the meal for
countless invertebrates such as worms, crabs and mollusks. These, in turn, are
consumed by carnivores such as fish and diamondback terrapins.

In the North, the marsh vista varies during different seasons of the year.
Plants in North Atlantic marshes have a fast growth rate throughout the
spring and summer months but then experience complete dieback during the
winter. At the northernmost range of the diamondback terrapin, on Cape Cod,
ice often covers the marshes for at least part of the winter (plate ). The marsh
substrate may freeze to depths of  to  centimeters (about  to  inches)
(Berrill and Berrill, ). As the ice breaks up in spring, some of the marsh
surface can break up with it. Considerable amounts of marsh can be lost dur-
ing these “ice scouring” events. A walk through the Cape Cod marsh during
the spring thaw can be like walking through a surreal landscape of dead, brown
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grasses interspersed with large mounds of recently buckled mud thrown up
from shallow creek bottoms. One wonders if any terrapins have been disturbed
from their hibernation during this upheaval. Occasionally, I have found terra-
pin carcasses on the marsh in early spring, soon after the thaw, possible victims
of frost heaves or unsuccessful hibernation. In Southeastern marshes, plant
dieback is not as dramatic. The older, browner grasses are slowly replaced by
the newer, greener growth that sprouts up even in winter. In the mangrove
swamps of Florida, the difference between summer and winter is not visibly
remarkable but can certainly be distinguished by the creatures that respond to
seasonal changes in terms of mating and other behaviors.

Hidden among the plants are the animals that are part of the salt-marsh
community and are necessary for the health of the marsh. Some of these ani-
mals are also prey for diamondback terrapins. The salt- and temperature-tol-
erant animal community of the salt marsh and estuary include burrowers,
grazers, and foragers. Embedded in the mud are polychaete worms, recog-
nized as a good source of bait by fishermen, and filter feeders such as ribbed
mussels (Geukensia demissus) and various types of clams. Ribbed mussels are
not considered edible by humans but are eaten by Cape Cod terrapins. We
find fragments of ribbed mussel shells in adult terrapin fecal samples. Our
tiny, lab-raised hatchlings will devour the soft parts of ribbed mussels if we
help them out by first cracking the mussels apart. Another filter feeder, the
American oyster (Crassostrea virginia), is found atop the flats, providing there
is substrate for attachment.

Although there have not been many studies done to identify cordgrass
predators, some snails and insects feed on cordgrass, sucking sap and eating
leaves. Melampus bidentatus, the tiny salt-marsh snail, breathes air via lungs.
Sensitive to drying out, it is sometimes found under marsh vegetation, where
it can offer up a meal to a terrapin hatchling. As the tide rises, Melampus inches
up the blades of Spartina to keep one step ahead of the rising water. As the tide
ebbs, Melampus slowly slithers down the Spartina blades, remaining just above
the water line. While transitioning along the blades, Melampus is sometimes
just within reach of terrapins that are feeding near the marsh surface. Periwin-
kle snails, belonging to the genus Littorina, also travel up and down Spartina
stalks with the changing tides and are common marsh grazers. Their tendency
to travel up the stalks when tides rise helps to keep some of them out of reach
of hungry crabs and terrapins. Littorina littorea is found in New England
marshes; it is replaced by Littorina irrorata in the South and Littorina angulif-
era in Florida Bay. The latter species crawls up and down the aerial mangrove
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roots. Littorina provides food for adult diamondback terrapins whose strong
jaws can crush the shells. In some locations, such as Cape Cod (Brennessel et
al., ) and Long Island (Draud, personal communication), hatchlings and
juveniles rely on the smaller Melampus for nutritional needs.

In some cases, diamondback terrapins can be categorized as secondary
consumers in the marsh food web. This means that terrapins eat the animals
that eat the plants and detritus. Removal of terrapins from a salt marsh would
be expected to have an impact on the producers (plants and algae) and the pri-
mary consumers (predominantly snails). Without terrapins, the number of
snails may increase. This could lead to unchecked grazing of plants, the
decline of the salt-marsh community, and eventually the decline of the marsh
itself. Terrapins are also considered to be tertiary consumers because they eat
crabs and fish. Thus, terrapins have a complex role in the marsh food web.

Salt-marsh foragers such as crabs are prey for terrapins. Various crabs live
in burrows and feed on worms, mollusks and smaller crustaceans. In marshes
where diamondback terrapins are found, the common crab species include the
invasive green crab, Carcinus maenus, the highly sought blue crab, Callinectus
sapidus, and most abundantly, fiddler crabs of the genus Uca. Fecal samples of
even the smallest terrapins can reveal crab parts. Juvenile terrapins eat the
smaller crabs, while larger terrapins are known to tackle adult blue crabs by
using their strong jaws for selective limb cropping. Most marsh visitors have
seen fiddler crabs and recognize the asymmetric male, who has one very large
claw that he waves aggressively to defend his burrow and attract females. If he
is lucky, a female will follow him into his burrow to mate. Burrowing animals
such as fiddler crabs have been shown to stimulate growth of cordgrass, most
likely by improving drainage and aeration of the marsh substrate.

Those of us who spend time around salt marshes become well acquainted
with its resident insects. Some of the marsh insects introduce themselves to us
in a very unpleasant manner. Perhaps the most annoying insect, from a human
point of view, is the salt-marsh mosquito. Aedes sollicitans, the Eastern salt-
marsh mosquito, inflicts pain and itchy discomfort on visitors from Cape Cod
to Texas, while Aedes taeniorhynchus, the black salt-marsh mosquito, is more
predominant in the southern United States, from North Carolina to Florida.
Although the male mosquito is harmless to humans, the females are so trou-
blesome that beginning in the s, many salt marshes were ditched and
drained. These hydrologic alterations are discussed in chapter . The rationale
was to eliminate breeding grounds for mosquitoes that cause malaria. Unfor-
tunately, these attempts have sometimes backfired. With marshes becoming
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dryer, small fish that prey on mosquitoes are less able to survive. The female
mosquito, however, can still breed in transient films on the surface of drained
marshes.

Another marsh insect that can make life miserable for humans is the large
greenhead fly. The males feed on Spartina juices, but the females look to ani-
mals and humans for a blood meal. For some reason, the greenhead is
attracted to objects that are blue, so one is advised not to wear blue in a salt
marsh in early summer. In some locations, this attraction to blue objects is
used as a form of greenhead pest control. In several of the Wellfleet marshes,
raised blue boxes dot the landscape. Unwary greenheads make their way into
the boxes and are unable to navigate an exit, and thus perish. One of the
smallest marsh insects is the midge. Midge is a generic name for fragile flies
that actually belong to several different insect families. The genus Chrirono-
mus contains organisms that are often seen in large swarms on the surface of
the water. The biting midges of the genus Culicoides belong to a different
insect family. These blood-sucking pests, commonly called punkies, sandflies,
or no-see-ums, are responsible for some less-than-elegant choreography per-
formed by marsh visitors as they move, jump, swat, scratch, and shake all parts
of their body in response to the bite of the barely visible pest. It is so tiny that
it can make its way through porch and window screens.

When I bring friends and colleagues to the marshes to look for nesting
terrapins or to track hatchlings, I find that while I am always looking down,
they are looking up, attracted to the most vocal and visible marsh creatures,
that is, all the birds that reside in or visit the marsh in their travels. Residents
and migrants alike make the marsh a vital, noisy place, with their flying, skit-
tering, wading, pecking, scuttling, squawking, shrieking, and diving. So much
has been written about marsh birds that I will not describe them here, but I
would like to highlight a few associations between birds and diamondback
terrapins. It is often the case on Cape Cod that when I find a terrapin nest on
the marsh shore of a barrier beach or along the shore of a large creek, I find
piping plovers nesting on the opposite side of the dune. I can stand at the top
of the dune and see two threatened species at the same time! Although dia-
mondback terrapins have few avian predators, the bald eagle may possibly be
one of them. In Florida Bay, within the Everglades National Park, shells of
smaller diamondback terrapins, most likely males and/or juveniles, are occa-
sionally spotted in bald eagle nests. It is not known whether the terrapins
served as eagle prey or if they were scavenged after another predator had first
pickings. Crows and gulls sometimes make a meal of terrapin hatchlings.
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Ubiquitous raccoons dig for crabs and clams and are predators of dia-
mondback terrapin eggs. Various rodents, such as rice rats (in the South),
black rats (in the mangroves), Norway rats (on Long Island, New York), and
white-footed mice (in the North) also find a home in the marsh and may feast
on terrapin eggs and hatchlings.

Cape Cod
Except for one terrapin “spotting,” on Boston’s North Shore, diamondback
terrapin populations are not known to occur north of Cape Cod, Massachu-
setts. Although Massachusetts also has Cape Ann, home to the famous
Gloucester fishermen, when New Englanders refer to “the Cape,” it can only
mean Cape Cod, a thin stretch of land that resembles a flexed arm with
Provincetown at its fingertip. Only a few miles wide in places, the Outer Cape
was called the “Narrowland” by the original inhabitants, who hunted game,
fished, and cultivated beans and corn. A cache of native corn, discovered in a
shallow burial area in the Truro Hills, helped the Mayflower pilgrims survive
when they first arrived in the new world.

Terrapins are not evenly dispersed throughout the Cape. Three main pop-
ulations can be found. Pleasant Bay, Orleans, site of the largest embayment on
the Cape, is home to a group of terrapins that stem from a population that
was historically part of a modest terrapin fishery. Pleasant Bay terrapin spot-
ters work mostly from kayaks; very little nesting activity has been observed.
The area around Pleasant Bay has seen many changes over the years. The
greatest potential impact from a terrapin’s point may be the extensive devel-
opment that has occurred around the bay. In addition, storms, such as the one
that occurred in , pound the area and create breaches in the barrier beach
that protect the bay from an influx of ocean water. This major breach is
responsible for current changes in tidal heights and probable loss of uplands
in terrapin nesting areas. Just north of Pleasant Bay, terrapins were historically
observed in Nauset Marsh but none have been seen recently. The last known
hatchling from the area was photographed in . More than likely, this pop-
ulation is now extirpated. Another cluster of terrapins inhabits the inner
elbow of Cape Cod, and they can be found on the bayside marshes of East-
ham, Orleans, and Brewster.

The town of Barnstable also had a small terrapin fishery that supplied tur-
tles to restaurants in Boston and New York. The Barnstable marsh is located
between the six-mile long barrier beach known as Sandy Neck, and the main-
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land. The terrapins of Sandy Neck have been extensively studied since the late
s by Peter Auger, who has used terrapins as a case study for his biology
classes at Barnstable High School and for the field research courses that he
teaches at Boston College. Based on long-term observations of terrapin nest-
ing activity, Auger has estimated the population to consist of approximately
, nesting females. Auger and his students have piloted a Cape Cod head-
starting program to raise hatchlings over the winter. They are concerned
about late-season nests, that is, second-clutch eggs that are laid late in July
and may not develop until late fall. Auger believes that there is high mortal-
ity in these nests. When Auger and his students allow eggs to complete incu-
bation in the laboratory, raise hatchlings over the winter and release them in
spring, terrapins may have a better chance of surviving their first year. (The
perils of young terrapins and the rationale for headstarting are explained in
chapter .) 

Wellfleet Harbor, about twenty nautical miles from Sandy Neck, is also
home to terrapins. There are no historic records that point to a terrapin fish-
ery in Wellfleet, although whaling, oystering, scalloping and other commer-
cial fishing ventures have characterized Wellfleet since its establishment in
 when it officially separated from the town of Eastham. Today, Wellfleet
is most famous for its art galleries, oysters, and its ocean beaches bordered by
majestic dunes. Wellfleet Harbor, less than two miles from the ocean, across
the Narrowland, is a large sheltered cove on Cape Cod Bay. It is bordered on
the northwest by Great Island, which narrows out to Jeremy Point, an area
that has been eroding at a rapid rate. Off the tip of Jeremy Point, the meager
remnants of the settlement on Billingsgate Island can still be seen at low tide.
A narrow stretch called the “Gut,” technically known as a tombolo, connects
Great Island to Griffin Island and completes the northern section of the har-
bor. This portion of Wellfleet is part of the Cape Cod National Seashore. The
business area of Wellfleet, situated on the eastern side of the harbor, is a busy
place during the summer months. Wellfleet is known to locals and vacation-
ers alike as the “art gallery” town. The small pier and marina support a year-
round fishing industry but gear up for recreational use during the summer.
Sailboat and motorboat moorings, fishing charters, boat rentals, and a few
restaurants characterize the surroundings. Heavily used by the local towns-
people, the harbor is also the setting for town recreational and arts space: skate
park, tennis courts, playgrounds, and birthplace of WHAT, Wellfleet Harbor
Actors Theater. Wellfleet terrapins coexist with lots of people and lots of
activities. Most of the time, the terrapins remain unnoticed as they go about
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their business. To the south of the marina, Indian Neck forms a trapezoid-
shaped peninsula. The region is called Indian Neck with reference to the his-
toric settling of the area by the natives as they were driven from more
“desirable” areas by European settlers. Although a quiet part of Wellfleet,
Indian Neck has experienced extensive development over the past fifty years.
Across Blackfish Creek from Indian Neck, Lieutenant Island rises from the
landscape. Reached by a small bridge, Lieutenant Island causeway becomes
flooded at high tide. Residents must pay careful attention to the tide charts
as they plan their comings and goings. There is a very extensive marsh on the
south side of Lieutenant Island within which many smaller creeks and
drainages feed into Cape Cod Bay. South of the harbor, stretching from
Route  to Cape Cod Bay, we find the Wellfleet Bay Wildlife Sanctuary
(WBWS), one node in the network of Massachusetts Audubon Sanctuaries.
Having visited many Massachusetts Audubon Sanctuaries, I can truly say that
this one is special. It has developed from an ornithological station into a
mecca for birders, hikers and vacationers. It supports a wide variety of pro-
grams that appeal to nature lovers of all ages.

In summer, ocean temperatures rarely rise above .˚C (˚F) and surfers
are wise to wear wet suits, while the shallows of the harbor can reach a toasty
˚C (˚F). Three-meter (about -feet) tides are common in Wellfleet.
When the tide ebbs, acres and acres of marsh and mud are exposed. Unless
boaters have had experience in the harbor or have been warned about the
tides, they can very easily become stranded for hours on a sand bar, victims of
a falling tide that rapidly disappeared beneath their boat. Some believe that
it is the flushing action of these massive tides that makes Wellfleet a prime
location for shellfish and causes Wellfleet oysters to be so sweet. Because the
harbor is so shallow, some vessels cannot leave or enter the main docking area
for one or two hours on either side of low tide. If undisturbed, the harbor
would fill with sediment over time, so periodically the Army Corps of Engi-
neers dredges to maintain navigation channels. The irregular coastline of
Wellfleet Harbor is approximately twenty-five miles long. Here and there,
mysterious-looking boxes can be seen on the flats at low tide. These are oys-
ter trays, used by aquaculture entrepreneurs to raise valuable shellfish in an
environment that protects them from some of their predators.

Working as a herpetologist for the Massachusetts Audubon Society, Dr.
James “Skip” Lazell alerted researchers to the presence of terrapins in Well-
fleet Bay. This population has been studied since . Wellfleet terrapins
emerge from hibernation in mid to late April, when the water temperature
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reaches  to ˚C (mid to high fifties Fahrenheit), but they may disappear for
days at a time if the temperatures drop precipitously, as is characteristic of the
fickle New England springtime. Even when the inland air temperatures are
balmy, east winds whipping across the offshore Labrador current may keep
Wellfleet air and water temperatures below a temperature that is comfortable
for terrapins.

Led by Bob Prescott, scientists and naturalists from WBWS have dis-
patched volunteers and summer campers to search for terrapins. Over the
years, a number of volunteers and interns have kept tabs on the nesting
females. In the late s, Don Lewis moved to Wellfleet and became a
WBWS volunteer and directed some of his boundless energy to the study and
protection of turtles. He is one of the leaders of the sanctuary’s Sea Turtle
Rescue program during the winter months, but he began to spearhead terra-
pin conservation and education efforts during the warmer months of the year.
Lewis developed an informative web site (http://www.terrapindiary.org) and
posts wonderfully written stories and glorious photos describing terrapin sea-
sonal activity. Lewis has expressed the rationale behind his affinity for turtles:

Fig. 2.1. Marginal scute markings can be used to identify this terrapin.
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“Because when you are retired and looking for a research target, you ought to
pick a critter you have a reasonable chance of catching.” In order to conduct a
population study, Lewis pioneered the use of canoes and kayaks to net terra-
pins from the shallows. This is a much more challenging task than one can
imagine. There is only a brief window of opportunity in spring and early sum-
mer when the water in Wellfleet Harbor is clear enough to see submerged ter-
rapins. The slightest breeze can ripple the water enough to obscure visibility
and if the tide is high, the terrapins take a deep dive and escape encroaching
nets. During extremely low spring tides, Prescott and Lewis take visitors and
volunteers to Blackfish Creek, named after the pilot whales (blackfish) that
strand on Cape Cod Bay beaches and were used by natives and settlers for
extraction of whale oil, a process known as “trying.” This large creek extends
from its source near Route  to Cape Cod Bay between Lieutenant Island and
Indian Neck. Although a bit over  meters (about . miles) wide at high
tide, the creek becomes a narrow funnel about  meters (approximately 
feet) wide and a meter deep during a low spring tide. All the smaller drainages
feeding into Blackfish Creek, such as Paine Creek, Drummer Cove, and
Loagy Bay, become completely dry. One can wade into Blackfish Creek and
net terrapins as they are flushed from smaller, shallow upstream creeks by the
tide. Prescott and Lewis have also employed a seine net, stretched across the
creek and held in place by strong volunteers, to catch terrapins during their
trip into the deep-water mouth of the creek. Neither dip netting nor seine
netting for terrapins is very efficient; many more escape than are captured, but
the quest can be an enjoyable spring activity. If the low tide occurs early, we
get treated to a beautiful sunrise as we look to the source of the creek; in the
evening, the sun will set over the water where the creek meets Cape Cod Bay.

To get a sense of population numbers, gender ratios, and age distribution,
each terrapin is “processed.” The terrapin receives a unique number, and it is
“marked” by notching the shell with a metal file. A variation of the marking
system of Cagle () has been adopted in which notches are made between
or within marginal scutes (fig. .). Over , Wellfleet terrapins have been
thusly marked and can be identified when they are recaptured. The total pop-
ulation size is not known but probably numbers in the thousands, with a gen-
der ratio of two to three females for each male. A caliper is used to measure
the turtle’s straight-line carapace and plastron lengths and its carapace width
in two locations, the widest part and at the suture between the first and sec-
ond costal scutes. These carapace measurements can give an index of how the
shape of the carapace changes as a terrapin ages. The width of the plastron
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between the bridges is also measured. Each terrapin is weighed, structural
anomalies are noted, and digital photos are taken. The photographs are very
useful for year-to-year comparisons of overall growth, observing new injuries
or healing of old injuries, and as an aid to identification if injury to shell has
obscured the markings. Lewis’s photographic memory sometimes makes the
digital images redundant. He can usually remember each terrapin, where it
was captured and the circumstances of the day. He also has an uncanny abil-
ity to recall the weights and measurements of some of the turtles.

Wellfleet terrapins can be found in four nesting clusters. The northern
cluster nests within the Cape Cod National Seashore in an area that abuts the
Herring River estuary. Terrapins nest on Great and Griffin islands and on the
narrow “Gut” that links the two islands. Terrapins also nest on Indian Neck
peninsula, with very concentrated nesting found in a few locations very close
to the Blackfish Creek marshes. Lieutenant Island is heavily used by nesting
terrapins, although certain locations are favored over others. Lastly, Wellfleet
Bay Wildlife Sanctuary and adjacent marsh uplands in Eastham near First
Encounter Beach, whose name commemorates the first Pilgrim–native meet-
ing place, form another nesting cluster. Volunteers and interns are dispatched
to walk the marsh paths and beaches in these locations from mid to late June
until mid to late July to observe nesting females. Some have put in many
hours on the terrapin team. Liz Moon has been a dedicated terrapin volunteer
for many years, devoting her summer vacation weeks to many miles of walk-
ing and observing. Lewis and the WBWS have set up a terrapin hotline so that
folks who spot terrapins can call in. Someone will be dispatched to confirm
the sighting or occasionally to find that a snapping, box, or painted turtle was
mistaken for a diamondback terrapin. In general, Wellfleet terrapins are
homebodies. A few have been found at distances four to six miles (around
eight to ten kilometers) from their original site of capture, but most are found
in the same creeks and marshes from year to year. In late August, volunteers
and interns begin nesting patrols to look for signs of hatchling emergence.
Terrapin research and conservation in Wellfleet have been supported in recent
years by Friends of Pleasant Bay, Wheaton College, the Sounds Conservancy,
and the National Heritage and Endangered Species Program. There is a great
sense of camaraderie among researchers, interns, and volunteers who study
and try to protect the terrapins in Wellfleet, at the northern edge of the exis-
tence of the species.

Historical records (Babcock, , ) place terrapins on Nantucket
Island and also in Buzzards Bay. Although current surveys do not report ter-
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rapins on the islands off the coast of Cape Cod (Nantucket and Martha’s
Vineyard), recent collaborative efforts spearheaded by marine science teacher
Sue Nourse of Tabor Academy, veterinarian Mike Ryer of the Buttonwood
Park Zoo in New Bedford, and Mark Mello, director of the Lloyd Center for
the Environment, have been successful in locating terrapins on the western
shores of Buzzards Bay. There are reports that  diamondback terrapins
from southern New Jersey were introduced into this area in  by a well-
meaning college professor (Lazell, ). It is not known whether the Buz-
zards Bay colony is a remnant of a historical grouping or the progeny of
introduced turtles. Genetic studies have the potential to shed some light on
their origin.

Rhode Island and Connecticut 
In the tiny state of Rhode Island, the terrapin population of Hundred Acre
Cove was monitored throughout the s. This large salt marsh in Barring-
ton is believed to be the last remaining terrapin stronghold in the state.
Efforts are underway to create a wildlife refuge that will be sufficient to sus-
tain the terrapin population. Studied over an eleven-year period, the Barring-
ton site has approximately  nests laid per year by about  breeding
females. Although the breeding female population was found to be stable
during the period of the study, recruitment of younger females into the adult
population was found to be decreasing. The cause for the low recruitment
could not be determined but it seems that low survival of eggs, hatchlings and
juveniles is most likely an important contributor (Mitro, ).

Diamondback terrapins have been historically distributed along the Con-
necticut and New York borders of Long Island Sound and the area of New
York State around the Hudson River estuary. There have been terrapin sight-
ings sixty-nine kilometers (forty-three miles) up the Hudson River near Peek-
skill, New York (Klemens, ). Their presence was documented in the s
in various Connecticut locales and along the creeks and shores of the Con-
necticut River (Finneran, ). In the s, terrapins could be found along
the Connecticut coast in locations west of the Connecticut River, which
bisects the state from north to south. The turtles were found in polluted
waters, and they often clustered around the warm water discharge outputs of
power stations along the Connecticut shoreline, where, according to the Con-
necticut Department of Environmental Protection, they congregated in large
numbers. In areas east of the Connecticut River, localized populations have
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been reported (Klemens, ). Investigators at Fairfield University have stud-
ied diamondback terrapins in a complex system of marshes in Milford and
Stratford where they report  percent site fidelity of terrapins to home
creeks (Gauthier et al., ).

New York
Terrapin remains have been found in excavations of prehistoric native villages
at Orient Point, on the east end of the North Fork of Long Island, and on
Shelter Island, between the North Fork and South Fork. The diamondback
terrapin was an asset to the Long Island economy in the early s, but after
being aggressively harvested, it became quite scarce, and some believed that it
was extirpated (locally extinct) by . The finding of a terrapin egg in 
in South Oyster Bay provided the first hint that the species had not been
completely eliminated (Spagnoli and Marganoff, ). Today, Long Island
terrapins are found in small clusters on the North Fork and South Fork: Oys-
ter Bay, Mount Sinai Harbor, South Oyster Bay near Fire Island, Peconic Bay
near Riverhead, Shirley, Captree Basin, Huntington and Nesconset rivers,
Cold Spring Harbor, and other locations.

Researchers have returned to areas of Oyster Bay and Mount Sinai Har-
bor, historic homes for terrapins on the north shore of Long Island, and are
assessing the present populations. Similar to what is known to have occurred
in Buzzards Bay, Massachusetts, there is a persistent rumor that terrapins were
reintroduced to these areas in the early s from stocks of farm-raised tur-
tles. In the affluent town of Oyster Bay, luxurious estates are scattered on the
low-lying hills across the water from the local town beach. Dr. Matt Draud of
C. W. Post–Long Island University was our gracious host as we visited his
study area. Draud and I are doing similar studies on tracking terrapin hatch-
lings, so I took my Wheaton College and Sounds Conservancy interns to visit
his study area and talk shop. Energetic Draud has several terrapin projects run-
ning concurrently. He and his C. W. Post team followed up on some initial
studies by graduate student Marc Bossert (Draud and Bossert, ). They
conduct mark/recapture studies, perform sonic tracking, stay up to all hours of
the night to observe nesting activities, and crawl around in the marsh on hands
and knees looking for small turtles. Draud has an excellent handle on the Oys-
ter Bay terrapin population. He knows where they nest, where they hibernate,
how they move about, and how they are threatened. Draud took us to Centre
Island Beach, where several terrapin nesting areas can be found. Draud and his
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former graduate student and Sounds Conservancy intern Barbara Bauer had
been at the beach from  to  .. that morning, during high tide, and found
several nesting females. The small patch of beach that is used for nesting in
June is covered with gravel (plate ) and abuts a parking lot where a carnival,
complete with rides and amusements, was set up. It seems that the timing of
the annual carnival coincides with terrapin nesting in Oyster Bay. The adjoin-
ing marsh is not extensive; the swath of Spartina patens is only a meter wide.
Yet nesting terrapins are drawn to this small area of gravel and sand. Draud has
photos of a terrapin nesting in close proximity to a family enjoying a day at the
beach. There is a high rate of nesting success at this site. Draud speculates that
it may be because the beach is a local nighttime hangout for teens. Perhaps the
presence of the teens deters potential predators.

On an adjacent beach, owned by a local gun club, nests are depredated at
a high rate. Draud sometimes relocates nests that he finds in this area to the
town beach. If he finds female terrapins that have not yet laid their eggs, he
will occasionally bring them to his laboratory at C. W. Post and induce the
females with oxytocin. Once they lay their eggs, he buries them on the town
beach in a location where they have a good chance of survival.

Although these nests produce hatchlings, Draud has identified an unusual
problem for terrapins in Oyster Bay. The Norway rat (Rattus norvegicus) has
cued into the presence of terrapin hatchlings in fall, and again in late spring
as the hatchlings emerge from hibernation. Draud has documented a high
level of hatchling mortality due to rats (Draud, Bossert, and Zimnavoda,
). Bauer described the feeling of being at a terrapin nesting site in the
middle of the night and finding many pairs of beady eyes staring at her as she
scanned the marsh looking for terrapins. She once mistook a swimming rat
for a terrapin during an attempt to catch turtles by snorkeling in the offshore
channel. Speaking as someone who does not have a fondness for rats (even
though they are warm and fuzzy), I think the C. W. Post interns should
receive hazard pay for their contributions to the research effort.

By using sonic tracking, Draud has followed terrapins into hibernation
and has located a group hibernaculum in a small region of the harbor that
remains under a few feet of water even during low tides. He has found the
terrapins stacked on top of one another as they spend their winter in the har-
bor sediments. As we traveled by boat to the area of the harbor where Oys-
ter Bay terrapins hibernate, Draud described plans by the town to dredge the
harbor to create additional boat moorings. With the support of a local con-
servation group, Draud has asked the local authorities to schedule the dredg-
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ing operations so that the hibernating terrapins are not adversely impacted.
The Oyster Bay population has equal numbers of males and females. For

the past decade the terrapin population in Oyster Bay seems to be steady, but
Draud’s data indicate that the population may be aging. Similar to the status
of the Rhode Island colony, this suggests that recruitment is low and that
predators and other threats may be gaining the upper hand.

The island of Manhattan is the usual destination when tourists visit New
York City. However, there is another island in the Big Apple that diamond-
back terrapins visit once or twice each year to lay their eggs. Ruler’s Bar Has-
sock is the largest of the tiny islands in Jamaica Bay and serves as nesting area
for the most remarkable terrapin colony one is likely to find. Some of the
other neighboring islands are covered during high tide and are considered to
be marshland. Black Wall Marsh, Little Egg Marsh, The Raunt, JoCo Marsh,
and Pumpkin Patch Marsh are some of the tiny islands that make up Jamaica
Bay Wildlife Refuge (JBWR), , acres of preserved land in the southern
part of Queens, New York. This refuge, part of Gateway National Recreation
Area, is sandwiched between two airports: Floyd Bennett Field, which is a
decommissioned Air Force Base, and bustling John F. Kennedy (JFK) Inter-
national Airport. The sanctuary is accessible by public transportation. Visitors
can take the A train to the tiny island neighborhood of Broad Channel and
then either hike a half mile to the refuge or take a bus. When we visited the
site we arrived by car via Cross Bay Boulevard after passing through the eclec-
tic neighborhood of Howard Beach.

The refuge is a little bit of nature in the bustling cityscape. Although the
refuge itself is relatively tranquil, it is not easy to forget where you are. Jumbo
jets taking off and landing at JFK Airport screech overhead; the shoreline is
strewn with styrofoam, plastic, old tires, and other manner of debris. On a
clear day, the Manhattan skyline is visible to the north, but on our visit, the
skies were hazy and all we could see in the distance were the silhouettes of
three huge landfills that over the years have leeched noxious pollutants into
Jamaica Bay. Because it is subjected to very little tidal flushing, the bay has
been in poor health. It is apparently recovering from the most severe pollution
that adversely affected water quality in the mid to late s. Residents of the
area are looking forward to the day when the bay becomes safe for swimming
and the fish they catch can be eaten, but more work needs to be done before
a clean bay becomes a reality. Despite the pollution, terrapins abound. They
don’t seem to mind the conditions and may be fairly tolerant of poor water
quality in Jamaica Bay.
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We met Amanda Widrig there on an unusually hot and humid day in
June . As soon as we entered the refuge and made our way down the
main trail, we saw three female terrapins: one in the process of depositing eggs
in a nest, a second digging a nest, and a third wandering across our path. We
happened to arrive on a peak nesting day in New York, two to three weeks
earlier than we expected to see any signs of nesters on Cape Cod. Widrig,
who was preparing to enter a graduate program at Hofstra University, was
working under the direction of Dr. Russell Burke. Lucky for her on this busy
day, she had a small group of dedicated assistants that included a new Jamaica
Bay Wildlife Refuge volunteer, a high school student, and a Central Park
zookeeper who was helping out on his day off.

From the number of female terrapins loitering in the offshore shallows,
the mounds of terrapin eggshells, and the number of depredated nests, it was
apparent that a significant number of female terrapins elect to nest on Ruler’s
Bar, where Burke and his students find approximately , nests each year.
This is a phenomenal number of nests compared to many other terrapin nest-
ing sites, potentially making Jamaica Bay a very productive terrapin hatchery.
However, there has been a recent introduction to the habitat that has upset
the ecological balance. Since the s, when Bob Cook was a natural
resource management specialist with Gateway National Recreation Area and
first chronicled the activity of terrapins in JBWR (Cook, ), this colony has
faced a new challenge: raccoons. Sometime within the last twenty years, these
predators have made their way to Ruler’s Bar. There is considerable specula-
tion regarding their mode of arrival. No one knows how raccoons found their
way into the refuge. It is certainly possible that they traveled via Cross Bay
Boulevard on the bridges connecting the island to Howard Beach or Rock-
away. Raccoons can swim, so perhaps the predators arrived by water. One
anecdote describes the efforts of a well-meaning animal control officer who
released the raccoons after capturing them in local residential neighborhoods.
Russ Burke estimates that the contents of over  percent of nests become
meals for raccoons. The raccoons that we saw during our visit were very bold.
They scampered around in broad daylight looking for newly laid terrapin
nests. The boldest raccoon of all was actually digging out eggs as a female ter-
rapin was laying them. Our presence caused the raccoon to scamper away, but
when we peeked down to assess the damage, we saw the female terrapin’s
carapace covered in egg yolk (plate ). Eggs with claw marks were scattered
over the area—another failed nest at Ruler’s Bar. Although we may never
know how the raccoons arrived, they are certainly taking their toll on terra-
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pin eggs. Some raccoons have even feasted on adult female terrapins on nest-
ing forays.

Burke is studying nutrient flow in JBWR and the contribution of terrapins
and their eggs to the food web. Of all the terrapin populations I have visited,
JBWR provides the most unlikely habitat for the species. The salt marsh is not
lush or extensive, the water is polluted, and a very dense human population
resides in close proximity. Aside from the refuge itself, there is no other nest-
ing habitat. Houses, apartments, storefronts, busy roadways, and artificially
constructed basins surround the area. If the refuge had not been acquired by
the National Park Service, it would be easy to predict that the terrapins would
have disappeared years ago.

After the day’s surge of nesting subsided, Widrig and her volunteers still
had an evening of work ahead of them. There were a dozen new nests that
were to be protected with mesh screens after the eggs were counted, weighed
and reburied. Of twelve females that were captured after laying their eggs,
only two were already marked with special electronic devices known as PIT
(passive integrated transponder) tags. The remaining ten were to be processed
and marked. The sun would set before the team would finish for the day.

Scattered across the north and south shores of Long Island, the other dia-
mondback terrapin clusters have not been extensively studied, and very little
is currently being done to assess the status of the populations.

Cape May
The road to Cape May, New Jersey, takes the traveler to the Garden State
Parkway, a ribbon of road that becomes scenic after one drives south through
the Woodbury tolls. The Garden State is a pleasure to drive during the win-
ter, but it becomes a bumper-to-bumper nightmare during weekends in the
heart of the summer. Everyone is heading toward the New Jersey resort com-
munities consisting of ocean-bordering towns, otherwise known by New
Yorkers and New Jerseyites as simply “The Shore.” For most of the trip south,
the Garden State Parkway meanders near the New Jersey coastline, where
occasionally one can see stretches of salt marsh east of the parkway. Every so
often, the scenery is punctuated by steeply rising industrial complexes that
spew dark clouds into the sky, oil refineries and power plants that are process-
ing crude oil and producing energy.

The New Jersey salt marshes are extensive. Acres and acres of huge, flat
expanses of salt marsh fill shallow land masses between the mainland and bar-
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rier beach islands that extend along the New Jersey coast from the Hudson
River estuary to Delaware Bay. New Jersey barrier islands were used by Native
Americans as warm weather outposts and fishing camps. When the weather
turned colder, the natives would make their retreat from the shoreline and
return to inland encampments. It wasn’t until the s that European settlers
began to populate the islands. The Jersey shoreline morphed into a resort
location in the s, when it was hyped as an area that featured sea bathing
and seafood. Many of the barrier beaches formerly consisted of sand dunes,
but these have been bulldozed, extensively developed, and flattened to
enhance ocean views. The coast has been buttressed with seawalls and forti-
fied by small jetties, called groins, thus providing a prime example of human-
engineered impacts on barrier island evolution.

Barrier beach areas are accessible by causeways where traffic zips back and
forth during the busy summer months. The causeways span channels that are
used by fishing vessels and recreational boaters. There is constant pressure to
keep the channels open and to make them deep enough for navigation. This
necessitates dredging and finding a home for the fill removed by dredging
operations. These are the same channels that may be used by hibernating ter-
rapins during the winter months. It is in this developed landscape that terra-
pins can be found. Terrapins have been known to dwell as far north as Sandy
Hook and as far south as Cape May, the southern tip of New Jersey. They are
found mostly in the channels, sounds, and other waterways within the large
marshes between the mainland and the barrier islands, within sight of high-
rising hotels and condominiums. In the s, studies were conducted by
Joanna Burger and her colleagues at Rutgers University on a diamondback
terrapin cluster found on Little Beach Island, part of the former Brigantine
National Wildlife Refuge in Barnegut Bay (Montevecchi and Burger, ).
The current distribution of terrapins in this part of New Jersey has not been
ascertained.

Most of the research, education, and conservation of New Jersey dia-
mondback terrapins is being conducted at the Wetlands Institute in Stone
Harbor, on the apron of a salt marsh between the mainland and the barrier
beaches in Cape May. The Wetlands Institute is a private, nonprofit organi-
zation, founded in  to promote appreciation of wetlands and coastal
ecosystems. Roger Wood, who is also a professor at Richard Stockton College
of New Jersey, is director of research at the Wetlands Institute and has been
studying terrapins for many years. He led Earthwatch terrapin research expe-
ditions in Florida in the early s and has supervised diamondback terrapin
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projects at the Wetlands Institute since . Under his direction, the Wet-
lands Institute runs summer programs, trains interns, and conducts educa-
tional sessions that focus mainly on Cape May terrapins. In a novel program
sponsored by the New York Turtle and Tortoise Society, scholarships are
awarded to Asian conservationists that allow them to assist in terrapin con-
servation efforts during the busy summer field season.

Wood and his assistant Christina Watters hosted my midwinter visit.
With record low temperatures, I had no false hopes of seeing Cape May ter-
rapins in the wild in January. I was, however, interested to see captive terra-
pins, many of which had been injured and were undergoing treatment and
rehabilitation. Some were spending the winter at the animal facility at
Richard Stockton College. Most of the adult terrapins were females. A few
had fiberglass bandages that were holding together parts of their shells (fig.
.). Clearly, these terrapins weren’t looking both ways when they crossed the
road. Some were healing nicely and were destined for release in the spring.
Others were so severely injured that they would probably be permanent resi-
dents of the Wetlands Institute’s terrapin exhibit. The number of terrapins in
the Cape May marshes is not known but is suspected to be relatively large,
since approximately  females are found as road kill each year and that num-
ber does not seem to be declining. The ratio of females to males is not known
with certainty since most of the observed terrapins are nesting females.

Major threats to terrapins in Cape May include automobiles and crab
traps. Female diamondback terrapins are hit by cars when they make their
way on shore to look for nesting areas. Because males and juvenile terrapins
are attracted to crab traps, they enter the traps and are unable to escape. This
results in drowning, a serious problem wherever terrapins coexist with blue
crabs. Wood and his colleagues have been leaders in efforts to prevent road
kills and crab trap drowning. Their efforts are described in chapter .

Just south of Cape May, the terrapin population in an area of Delaware
Bay was studied in . Terrapins were captured by trawling along . kilo-
meters of Canary Creek, near the University of Delaware marine field station
(Hurd, et al., ). Based on mark/recapture studies, , terrapins were in
the creek in June of that year, but the number decreased to  in August, pos-
sibly reflecting estivation or the late summer dispersal that is seen on Cape
Cod. In the Delaware marshes, which were predominantly populated by
Spartina alterniflora, researchers counted . terrapins per linear meter of creek
and found, from fecal analysis, that the blue mussel, Mytilus edulis, was an
important constituent of the diet.
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Chesapeake Bay
Although only Maryland and Virginia geographically embrace Chesapeake
Bay, the waters that drain into it also come from Delaware, New York, Penn-
sylvania, West Virginia and the District of Columbia. The watershed com-
prises , square miles threaded by over  major rivers and streams and
hundreds of thousands of smaller ones. The bay, which assumed its current
dimensions about , years ago, and the marshes along its shore are a rich
habitat that was utilized by Native Americans for thousands of years. Stu-
dents in the United States are often introduced to American colonial history
by learning about John Smith and the first permanent European settlement
at Jamestown in . The early settlers had frequent, although not always
peaceful, interactions with the natives, primarily Algonquians. Although
many of the colonists did not survive past the first year after the settlement
was established, there was a steady stream of new settlers and the replace-
ments from Europe spread throughout the Chesapeake Bay region. Thus
began modern human history in Chesapeake Bay.

The bay itself is a -kilometer ( mile) long finger of water, poking
into the city of Baltimore. Its narrowest region is a mere . kilometers (.
miles), but it widens to ten times that size at the mouth of the Potomac. Its
 trillion gallons of water are held in a shallow basin with an average depth
of . meters ( feet). A few deep troughs allow navigation by large vessels.
The bay’s undulating shoreline has a length greater than that of California,
Oregon, and Washington state combined. About half of the bay’s water is
fresh and comes from the watershed areas, mostly from the northern and
western areas of the drainage. A small amount of the fresh water, approxi-
mately  percent, comes from the eastern shore. Half of the bay fills with
water from the Atlantic Ocean. Thus salinity in the bay varies greatly with
location and weather patterns; in general, the bay gets less salty as one travels
southwest to northeast.

The Chesapeake shoreline provides an ideal habitat for terrapins, espe-
cially in locations where sandy beaches, which can be used for nesting, are
fringed by salt marsh. Compared to other parts of their range, terrapins can
be found in relative abundance in Chesapeake Bay, but there are no reliable
records of their historic distribution. It is certain that their numbers dramat-
ically declined from the end of the s to the early s, when a thriving
commercial fishery supplied turtles for the food trade. With the relaxation of
fishing pressure, the population was assumed to be recovering.

The rich estuarine resources of the bay provided a livelihood for the
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famous Chesapeake watermen, those who make their living by harvesting
fish, oysters, and crabs. Despite the large decline in terrapin fisheries in the
early twentieth century, a handful of watermen still catch terrapins. It is legal
to do so, and the industry is regulated by the state of Maryland Department
of Natural Resources. However, there are very few watermen who apply for
licenses to fish for terrapins. All terrapins caught by commercial license hold-
ers must be reported, and recent annual harvest has been estimated to be
, terrapins. Today, many terrapins are also caught as by-catch in fishing
nets and crab pots and may go unreported. It is ironic that the terrapin fish-
ery still exists in Maryland, but the enterprise is completely banned in the
areas of the bay that constitute Virginia waters.

Even though the abundance of terrapins in the bay is well noted, the
actual population status and distribution throughout the bay are not known.
The disappearance of terrapins in some creeks and embayments in which they
have been traditionally found has been attributed to fishing, unintended loss
in crab pots, and loss of nesting habitat. The most thoroughly characterized
cluster of Chesapeake terrapins inhabits the Patuxent River on the western
side of the bay, where Willem Roosenburg of Ohio University has studied the
cluter since  and has captured over , individuals.

To address current conservation issues that may impact Chesapeake ter-
rapins, it is very important to collect some baseline information about their
current status. To this end, in , a diamondback terrapin task force whose
work is supported by an appropriation from the Maryland Congress, was cre-
ated by the governor of Maryland. As part of the task force, a U. S. Geologi-
cal Survey (USGS) team is currently heading a large-scale study of historic as
well as current distribution of terrapins in the bay, population genetic struc-
ture relationships, nesting behavior and reproduction of terrapins throughout
the bay. It will be important for the task force to delineate the habitat require-
ments for the species and to get a sense of the mortality associated with crab
pots so that conservation recommendations can be formulated.

The Carolinas
The most recent dedicated effort to study diamondback terrapins in North
Carolina has been conducted by Kristen Hart. Hart completed a master’s the-
sis on terrapins and continued to study the ecology of the species in North
Carolina for her doctorate. She has documented four separate terrapin popu-
lations between Cove and Pimlico sounds (Hart, ). Hart has also worked
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with local crabbers in attempts to understand how bycatch of terrapins in crab
pots will affect the status of the North Carolina populations.

The marshes in South Carolina share many features with northern coun-
terparts. However, about  percent of South Carolina coastal marsh areas
have been transformed into impoundments, surrounded by earthen dikes.
These structures were originally constructed to cultivate rice, then later uti-
lized to attract waterfowl.

Jeff Lovich, of the USGS, Whit Gibbons, from the University of Geor-
gia, Savannah River Ecology Laboratory, and Anton (Tony) Tucker, cur-
rently program director of Sea Turtle Conservation and Research at Mote
Marine Laboratory, are leaders in the field of herpetology. They have been
pioneers in conducting research on turtles within an ecological framework,
paying keen attention not only to the turtles but also to the habitat in which
they live. They have been tracking the status of diamondback terrapins in
South Carolina since . Over a twenty-year time period, they have doc-
umented the decline in the population of Malaclemys terrapin centrata in the
marshes around Kiawah Island, South Carolina. The terrapins at Kiawah
Island generally have been found in the same creeks and same small reaches
of water, generally within  meters (a bit over  yards) of previous cap-
tures. Some females have been observed to make -kilometer (approxi-
mately  miles) trips to nesting areas. Of  recaptured turtles, only
twenty-five had moved from one area to another nearby creek. The terra-
pins stuck close to home after monstrous hurricanes, such as Hugo, which
battered the area with  mph winds in  (Gibbons et al., ). These
destructive hurricanes hit the South Carolina coast every five to six years.
Terrapin site fidelity, which appears to be true of all terrapin clusters, poses
serious problems if the same creeks are used for trapping crabs. Terrapins
won’t move to another location where there would be less danger of being
trapped and drowned in a crab pot.

The most recent survey of terrapins at Kiawah Island, in , pointed to
the severe decline in the number of turtles that could be captured. Using the
same methodology and same degree of effort in one area where  terrapins
were captured years before, only fifty could be found. There also has been a
dramatic decline in the capture of younger turtles; some age classes could not
be found at all. The reasons for the decline are complex and not completely
understood, but several possibilities have most likely contributed to the
diminishing numbers within creeks as well as several extirpations from spe-
cific creeks: overharvesting, loss of habitat, decline of health of the marsh,
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increase in the mink population due to reintroduction, increased beach use,
and crab traps (Gibbons et al., ).

The hazards of crab traps are very serious in the Carolinas. In a study con-
ducted from April to May of  by Bishop (), creeks with known terra-
pin populations that were used for commercial crabbing were monitored. It
was estimated that , terrapins were caught per day by  commercial
crabbers in Charleston. As in the Kiawah Island marshes, the terrapin popu-
lation in Charleston Harbor has declined since the s. Within sight of
Fort Sumter, the iconic site of the start of the Civil War, the current status of
diamondback terrapins is being assessed by a team at the College of
Charleston who work with South Carolina’s Department of Natural
Resources. Using sonic transmitters to track adults, David Owens and his stu-
dents hope to find out how the terrapins use the harbor and why their num-
bers are declining. The team is mapping spacial and temporal habitat use on
a fine scale and have identified mating aggregation, foraging, and nesting
areas (Estep, ).

Florida
Florida is home to more subspecies of diamondback terrapins than any other
state. Five of the seven subspecies can be found in the Sunshine State. Mala-
clemys terrapin centrata extends from its range in South Carolina to northeast
Florida near Jacksonville. Malaclemys t. tequesta, named after a Native Amer-
ican tribe, has been witness to over forty years of space mission lift-offs in its
location off Merritt Island near the John F. Kennedy Space Station. This pop-
ulation, found in Merritt Island National Wildlife Refuge and Canaveral
National Seashore, was studied from  to  and again from  to 
(Siegel, ). In this protected habitat containing three large brackish
lagoons on Florida’s Atlantic coast, a considerable long-term decline in the
population of terrapins was observed. In the late s, Seigel estimated the
population to number in the hundreds:  at one site and  at another. The
gender ratio was skewed and ranged from : to : females to males, depend-
ing on the month of the year that sampling was conducted. Aggregations of
terrapins were common from March to mid May. During that period, it was
noted that raccoons were predators of mature females as they came on land to
lay their eggs. At the same site, using the same sampling method, only one
terrapin was observed in  and none in . This represents an extirpation
without an obvious cause. In a  ranking of vulnerability for extinction of
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various species at the John F. Kennedy Space Center, the Florida East Coast
terrapin was listed as one of six species that were categorized in the highest
priority in need of conservation. The other endangered species were the East-
ern indigo snake, Southeastern beach mouse, Florida scrub jay, Atlantic green
turtle, and the manatee (sea cow) (Breininger et al., ).

Joseph Butler has studied the status and distribution of the Carolina dia-
mondback terrapin (subspecies centrata) in Duval and Nassau counties in the
northeast corner of Florida, where the terrapins inhabit over  nautical miles
(about  kilometers) of tidal creeks and marsh adjacent to the Intracostal
Waterway. In these creeks, Spartina alterniflora predominates, and animals
include bottlenose dolphin (Tursiops truncatus), manatee (Tichechus manatus),
and river otter (Lutra canadensis). Raccoons are abundant. Terrapins become
active in this locale and are only seen when the water temperature climbs
above ˚C (.˚F)(Butler, ). Butler and his colleagues experimented
with different terrapin capture methods for their surveys. They raked tidal
debris to look for hatchlings and juveniles with little success. In the water,
they used turtle hoop traps, gill nets, otter trawls, and modified crab traps.
Although they were able to capture elusive terrapins with all methods, some
techniques worked better than others. Their study highlights the fact that
methods that work well in some areas may have limited usefulness in others.
For example, otter trawling is efficient as a method of terrapin sampling in
some areas, but where oysters or oyster shells are found in abundance on the
bottom, nets can be torn to shreds. Cast netting only works well if terrapins
are congregated in a small area and if someone has skill with the technique.

During spring break in , I traveled with my husband Nick to the
Florida Keys and Everglades National Park. I was in search of the mangrove
terrapin. These turtles are so elusive that the casual observer would never have
the opportunity to come across a specimen. We were scheduled to meet Brian
Mealey and Greta Parks at mile marker , where we would find the Key
Largo Ranger Station, part of the National Park Service, housed in the
remains of an old, rather run-down motel on U.S. Route . Mealey has been
following the terrapin population in Florida Bay for over ten years. He was
finishing up a doctoral program at Florida Atlantic University and recently
started his own environmental consulting firm. Parks, who works as coordi-
nator of outreach programs at the Miami Museum of Science, assists Mealey
with several projects. I had learned about their terrapin monitoring program
from reading the abstracts from the Second Workshop on Diamondback Ter-
rapins that took place at the Wetlands Institute in Cape May, New Jersey, in
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. After I contacted Mealey, he generously agreed to let me tag along on
one of his field trips into Florida Bay. He warned me that we might not see
terrapins; it was a bit early in the season. But on a more positive note, he told
me that terrapin spotting at this time of year was rather unpredictable and ter-
rapins have been observed year-round. Still, he could offer me no guarantees.

Nick and I arrived shortly before our appointed : .. meeting, a very
civilized time of day for field biologists. As I observed the clouds thickening
overhead and the choppy seas caused by -knot winds from the northeast, I
felt some trepidation about the prospect of heading out to the mangrove
islands in Florida Bay. I have a long history of experiencing motion sickness,
sometimes in relatively calm water just from floating up and down in the
swells. I have always preferred to have two feet planted firmly on the ground.
The sight of Mealey’s boat being trailered into the ranger station did nothing
to allay my fears. It was a small fiberglass-bottom craft with inflatable sides
and a very shallow draft. We were certain to be knocked around a bit once we
hit the open bay. After introductions were quickly made, I lost all thought of
physical consequences and looked eagerly to the adventure that lay ahead.

The first matter of business was to check a number of osprey nests that
Mealey and Parks had been monitoring. We would look for terrapins as we
made a loop back to the dock later in the day. The osprey nests we were to
visit were known to have either eggs or chicks, based on observations that had
been made a few weeks prior to our trip. The boat proved to be the perfect
vessel for navigating among the mangrove islands in the shallow reaches of
Florida Bay and closing in on the osprey nests in stumpy mangrove trees. The
large osprey nests resembled snarled masses of matted hair. While Mealey
maneuvered the boat, Park used an extendible pole, topped with an auto rear
-view mirror, to peer into the nests and check on the chicks. Several nests had
“failed”: They were abandoned and showed no signs of chicks. In others,
turkey vultures were working on chick remains. After a bleak start, we came
across several nests with one to three healthy chicks and doting osprey parents
nearby. In cases in which chicks were sufficiently mature, Mealey and Parks
quickly and expertly retrieved them from nests, one at a time, decorated their
legs with identification bands, and took blood samples for chemical and
genetic analysis.

After all osprey nests had been checked, we made a loop back to the north
side of Nest Key. Mealey knew of a sheltered spot where terrapins had been
known to congregate. The sound of our motor brought the curious turtles to
the surface, but they were able to quickly dive out of sight and out of reach.
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We anchored in the northeast corner of Nest Key and made our way upland
of the red mangroves, Rhizophora mangle, that rimmed the little island and
projected upward from their masses of knobby-kneed prop roots. It is the red
mangrove that gives the subspecies of mangrove terrapin its name, rhi-
zophorarum. Parks, wearing diving boots, quickly began to search around the
base of a huge black mangrove, Avicennis germinans, anchored in an extensive
mud plain. The black mangrove is easy to distinguish from the red mangrove;
in place of prop roots, the black mangrove sends vertical roots, called pneu-
matophores, up from the soil (plate ). These structures provide for gas
exchange with the underground root system and look like a field of dried
sticks, up to a foot long, inserted around the base of the tree. The pneu-
matophores are packed so tightly that in order for terrapins to navigate at the
base of the trees, they must tilt their bodies to a vertical position and inch
along sideways like a crab to make any headway (Wood, ).

In short order, Parks found a large female terrapin. When I attempted to
follow in my aqua shoes, I immediately appreciated the value of the diving
boots. As I sank thigh deep into the pale, mucky ooze, my water shoes were
sucked off my feet. Nick wisely remained close to shore to tend to the boat.
As a barefoot explorer, I took some photos and tried not to stay too long in
one spot for fear that I would disappear into the soft substrate. Parks and
Mealey found two other females in close proximity, partially buried in the
muck, and I was assigned the task of washing them off so that they could be
processed. In all the excitement, one female made her escape. Of the two that
were left, one was a recapture but the other female had not been seen previ-
ously. Each weighed approximately , grams (. pounds) and was as
smooth as a river stone. They had “striped pants,” vertical black markings on
their hind legs. I have seen the striped pants on terrapins from New York and
other sites. The pants become pantaloons after heavy rains as the terrapins
strive to store water in the skin of their limbs to carry them over any spell of
dry weather. The new capture was injected with an electronic tag, a PIT (pas-
sive integrated transponder) tag, and a blood sample was quickly and expertly
taken by Mealey for genetic analysis. I noticed that these terrapins, found
buried in the mud plain, were lethargic and easy to handle, most likely
because they were experiencing some of the physiological effects of estivation.
If they were Wellfleet terrapins, captured during the summer months, they
would be scratching and chomping during weighing and blood collection.

Of all the habitats utilized by diamondback terrapins, the subtropical
mangrove swamp is the most otherworldly. One would never equate this
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landscape to that of a salt marsh at the mouth of a river estuary. But Florida
Bay is an estuary at the mouth of one of the largest rivers of all: a River of
Grass, better known as the Everglades and beautifully described by Marjorie
Stoneman Douglas () and more recently by Ted Levin (). The slowly
moving sheet of water that encompasses the Everglades is the river that feeds
fresh water into Florida Bay, semi-encircled by the Florida mainland and the
Florida Keys. Human activities have greatly changed the nature of the Ever-
glades. Draining of land for agriculture and development by rechanneling and
control of water flow has led to the shrinkage of the Everglades and a restric-
tion of the flow of fresh water into Florida Bay. This has led to an increase in
salinity in many parts of the bay. In most years, Florida Bay contains water
that has more salt than the ocean. This is a condition referred to as hyper-
salinity. It is not unusual for some parts of Florida Bay to reach salinities that
are twice the level of seawater! It is in this salty soup that tiny mangrove
islands, called keys, poke their heads above the shallow waters. Some of these
keys may be completely submerged at high tide. It is on and around such keys
that the mangrove terrapins make their home.

The red mangroves that circle each key stretch their long prop roots, like
tentacles into the briny water. A thin ribbon of dry land complements the red
mangrove border. Parting one’s way through the red mangrove thicket, the
vista becomes a large, partially shrubby, partially muddy expanse. Black man-
groves punctuate the salt pan landscape. It is among the vertically thrusting
roots of the black mangrove where terrapins burrow in the mud year-round.
Here they rest, protected from the heat and waiting for a dose of fresh water
when they are not foraging in the nearby shallows. Atop these muddy
expanses, rainwater will create shallow pools and terrapins can rehydrate. As
the turtles store water, their skin expands. Periodically, the water evaporates
and pools give way to quicksand-like ooze.

The mangrove islands and low-lying Florida Keys can be pummeled by
strong winds and flood tides during hurricanes. Miller () questioned
whether hurricanes might cause M. t. rhizophorarum to redistribute. She stud-
ied the possible dispersal of terrapins as a result of Hurricane Georges, which
hit south Florida on September , , with sustained winds of  miles per
hour and flooding due to tides that were . to . meters ( to  feet) above
normal. On small islands where recapture rates were over  percent, the
female to male ratios varied from : near Key West to : in the Middle
Keys. Miller used molecular genetic techniques to study the possible forced
dispersal of terrapins as a result of the hurricane, reasoning that dispersal
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might introduce new genes into the subpopulations at different sites in
Florida Bay and the Keys. This limited study did not find any evidence for
changes in gene frequencies as a result of Hurricane Georges. Once again, ter-
rapins have been found to stick close to home.

Active throughout the year, members of this southernmost subspecies
feed on periwinkles that are found on the mangrove roots. They may also eat
the smaller mangrove or coon oysters that adhere to roots. The inaccessibility
of the mangrove islands to terrestrial predators such as raccoons is partially
offset by the activities of the black rat, Rattus rattus, which has inserted itself
into the mangrove community and may be a significant predator of terrapin
eggs. Very few hatchlings or juvenile terrapins are ever seen.

We did not get to see the other reptiles such as water snakes and croco-
diles that share the mangrove swamps with terrapins; Mealey was focused on
the Florida Bay terrapins, which he has been studying since . Over  of
them have been captured and marked with PIT tags. By scanning the turtles
with a wand, he can identify each specimen and determine when it was last
captured. Most of the captured animals have been females, and Mealey has
recaptured many of the same individuals during the years of his study. He
estimates a : ratio of females to males in this Florida Bay cluster. Mealey
has discovered that mangrove terrapins, true to the nature of their species, are
homebodies. Most tagged females are recovered at the location where they
were originally found. A few wander, such as the two females who traveled
approximately three miles to another key.

It is not clear how the Florida Bay terrapins have fared over the years. The
population is relatively inaccessible and has not been studied over a long
period. The lack of coastal development on the mangrove islands and the pro-
tection of many of the islands as part of Everglades National Park have pre-
vented some human impacts. However, the major anthropogenic changes that
have occurred in the Everglades over the past  years has undoubtedly
affected the mangrove terrapins, if only indirectly. It remains to be seen how
the proposed restoration efforts in the Everglades will change the landscape
for mangrove terrapins and their ability to utilize Florida Bay. This large-scale
project should potentially freshen the water in the Everglades estuary. Pre-
sumably terrapins will experience less osmotic stress.

There are other locations where diamondback terrapins are found in
Florida. Aside from Florida Bay and the Keys, M. t. macrospilota makes its
home on the southwest and west coasts of Florida, while M. t. pileata can be
found in salt marshes along the panhandle.
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Alabama, Mississippi and Louisiana
The Gulf Coast terrapins have not been continuously studied. Cagle collected
specimens in the early s along the Louisiana coast. He found M. t. pileata
and M. t. littoralis and some terrapins that had morphological characteristics
of both subspecies, suggesting intergradation. Cagle also reported an unusual
gender ratio for the ninety-six terrapins he collected at Dulac, Louisiana: .
males to  female (Cagle, ).

A more recent initiative to characterize the distribution and status of M.
t. pileata was focused on Mobile Bay, Alabama (Nelson et al., ). The
study was not successful in attempts to use crab-trap captures as an index of
population size and structure because no terrapins were captured in traps dur-
ing the period of the study. Some terrapins were found and collections of
depredated nests were discovered in certain areas of the bay. The impact of
road mortality on the population is being assessed.

Texas
Prior to the mid-s, very little was known about the status of the dia-
mondback terrapin in Texas. Historical reports suggested a sizable popula-
tion, and the former existence of a commercial fishery was a matter of public
record. Malaclemys terrapin littoralis has been found in various pockets along
the Gulf coast of Texas, and some idea of its distribution was known from
reports garnered from fishing boat operators, game wardens, and coastal fish-
eries biologists. In , terrapin scouting trips were made to Lavaca, San
Antonio, and Nueces Bays. Only Nueces Bay, near the Mexican border, had
a sizable population.

In the late s, a commercial terrapin fishery was active in a bayou near
Galveston. Today, the bayou is part of a preserve comprising , acres of
watershed that has been subjected to a number of stressors, including urban
development and cattle grazing. Close to  percent of the marsh vegetation
has disappeared, and increasing water levels threaten to erase the marsh com-
pletely. The most recent attempt at comprehensive assessment of the status of
diamondback terrapins near Galveston was conducted during  to  by
the USGS team led by Jennifer Hogan. The team worked with the U.S. Fish
and Wildlife Service. They captured  terrapins in crab traps offshore and in
lagoons, and by hand as terrapins walked on shore. Oyster reefs constituted a
considerable dimension of their habitat. Hogan was able to document the first
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terrapin nest reported in Texas since the s; it was the only one found dur-
ing two seasons of study. The survey was conducted in a limited area and
focused on South Deer Island, a small island in Galveston Bay (Hogan, ).
There is quite a bit of Texas coastline that has yet to be thoroughly surveyed
for the presence of diamondback terrapins.

The Ideal Habitat
What determines the ideal habitat to sustain diamondback terrapin popula-
tions? The answer to this question is not simple. Throughout their range, the
similar habitat requirements include calm, brackish waters near salt marshes
or, in some cases, mangrove swamps. But they are not found in all calm brack-
ish waters near salt marshes or swamps. They can tolerate variable salinity;
they are found with variable proximity to salt marshes, and the salt marshes
are of variable size. So what do they specifically need in order to be success-
ful? One report (Palmer and Cordes, ) used only one parameter, the avail-
ability of suitable upland nesting areas, to generate a model for habitat
suitability. Nesting areas are critical for sustaining diamondback terrapin pop-
ulations. So perhaps the variety and type of upland nesting areas must also be
factored into the equation.

All stages of terrapin life history must be considered in defining habitat
requirements. For example, hibernation sites may be different from those
areas used for foraging, mating and other activities. Without suitable hiber-
nation space and substrate, terrapins will not survive winters in parts of their
range. And what about the younger terrapins? Those that are newly hatched,
juvenile, and subadult may have some habitat that overlaps with adults, but
early terrapin years may be predominantly spent in drier areas of the marsh
and in marsh uplands (chap. ). It is therefore also important to consider the
quality and quantity of the coastal zone surrounding the marsh and to iden-
tify those aspects of habitat that will maintain and protect younger terrapins
during their most vulnerable period.

It may also be true that anthropogenic factors unrelated to natural habi-
tat, such as commercial and recreational activities, have a profound impact on
the distribution of the species in any particular location, an aspect that is fur-
ther explored in chapters  and .
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