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The diamondback terrapin (Malaclemys terrapin) has one of the narrowest, but
longest, gQaographic distributions of any asingle turtle specles. Occurring
exclusively in brackish-water coastal habitats, the terrapin inhabits the
regtricted margin of such systems found along the Atlantic and Gulf Coasts of
tha United States, from Cape Cod, Massachusetts, to Corpus Chrletl Bay, Taxas.
Seven subapecles have been described along its meandaring range: the northern
(N.t., terrapin), Carollna (M.t. centrata), Florida east coast (M.t. tegquesta),
mangrove {(M.t. rhizophorarum), ornate (M.t. macrospilota), Mississlppl (M.t.
pileata), and Texas (M.t. Iittoralis). Although morphological differences

have bean noted and documented, variation between and within these pubspecies
has not been fully investigated. -

The only turtle in the world known to be entirely restricted to estuarine
habjtat (Dunpon and Mazzotti 1989), the terrapin inhabits coastal marshes,
tidal mudflats, tidal creeks, estuariem, lagoona and sounds behind barriar
imlands, some brackish-water impoundments, and occasionally near-shore sandy
islands. An excellent swimmer, 1t heads for water if approached, but
otherwise appears to spend lts daylight hours basking on tidal mudflats,
prowling through tidal marahes in search of food, or lying in muddy
deprassions (Ernast and Barbour 1972). It is tolerant of high temperatures,
with an apparent therma)l maximum of about 42 degreaes C (107 F).

Diamondback terrapins have a history as a gourmet food and were taken
extensively for that purpose in the late 1800’s and early 1900°'s. The meat
was 8old in restaurants throughout the eastern United Statew as the key
ingredient in turtle soup (Roosenburg 1990). Catches in Maryland ranged as
high as 89,000 pounds in 1891, but had been reducad to a low of 823 pounds by
1920. Attempts were made to commercimlly raise and market the species, but
with limited success (Carr 1952). With a serious depletion of populations
evident in many areas, restrictions on its harvest were eventually
implamented. Since that time, the terrapin has recovered somewhat and has
suBtalnad a variable flshery within certain portions of its range.

DESCRIPTION:

Ernst and Barbour (1972) describe the diamondback terrapin as a small to
medium-sized (10-23 cm) turtle whose cblong carapace (upper shell) is marked
with concentric grooves and ridges on each large scute (enlarged scale) of the
shall. Thade scutes are not shed as the terrapin grows, but ara aimply pushed
up by layers of new growth, resulting in a pyramidal appearance (and the name
*d{amondback®). Tha carapace i{s slightly serrated posteriorly, and sports a
central vertebral keal that may be low and inconspicuocus (generally in the
Atlantic coast races), to prominent and knobby (most often in the Gulf coast
subspecias). The enlarged posterior scales may be curled upward. Color of
the carapace is gray, light brown, or black. The plastron (lowaer shell) is
oblong, yellow to greenish in color, marked with dark blotchaes or flecks, and
not hinged. The skin {8 gray to black, with black flacks or spots, and the
head is small and flat, with dark flecks or curved markings. Eyes are black

and prominent. The jaws are light in color, the chin blackish, and hind feet
are large and strongly webbad.

The basic appaarance of terrapins can vary widely throughout its range, or be
confusingly similar. The Texas diamondback taerrapin (M.t. Iittoralig) ie
marked by an oval carapace that is prominently keeled, often with knobs along
the keel (possibly more pronounced in females than in males). The carapace is
deep, with ite higheat point toward the rear, and rather uniferm in color,



‘

without light centars in the scutes. The plastron is narrow and light-yellow
to white in color, and the upper lip and top of the head are white. The head
and nack are marked with dark spots or flecks, as are tha greenish-qray lege

and tail (Carr 1952, Ernst and Barbour 1972, Ernst and Bury 1982, Garrett and
Barker 1587).

The Texas diamondback terrapin‘s nearest neighbor is the Mississippi terrapin
(M.t. pileata), which occurs from the Texas/lLouisiana border to wedtern
Florida. The carapace and plastron of tha Misesissippi terrapin are both
generally darker in color than the Texas subspaeciaes, and the skin is lees
haeavily spotted with black (Cagle 1952). The top of tha head is dark in tha
Misslesippl terrapin (Marion 1986), but white in the Texaa submpecies (Ernst
and Barbour 1972). However, the appearance of terrapins may vary widaly whara
the range of thaeme two subapecies overlap (Cagla 1952).

SEXUAL DIMORPHISM:

Size differences betwean the sexes are extremely pronounced in terrapinas, with
females decidedly larger than males. The size disparity may be the greatest
of any North American turtle (Carr 1952). Adult females generally grow to a
carapace length of 15-23 em (6~9 inches), while males raach only 10-14 cm (4-
5.5 inches) (Ernst and Barbour 1972).

In Florida (Seigel 1984), mean plastron length of females was 15.4 cm (6.2
inchea) and mean weight was 886 grams. In contrast, mean length of males was
10.4 cm (4.2 inches) and mean weight 283 grams, a femala-to-male ratio of 1.48
and 3.13 for length and weight, respectively. Therafore, females were only
1,5 times male langth, but more than 3 times male weight. Similarly, in South
Carclina (Lovich and Gibbona 1990), adult femalas ware mean plastron length
14.8 cm (5.9 inches), while males were 10.2 cm (4.1 inches), a female-to-male
ratio of 1.45. Mean female and male maas was 705 grams and 242 grams,
respactively, for a female—to-male ratio of 2.91.

Additional differences in morphology include broader and blunter heads in
femalas, as well as deeper shallas and shorter, narrowar taila than in malas.
In females, the anal opening ie cloBer to the body and situated in front of
the postaerior carapacial margin, while males have theirs posterior to the
margin (Ernat and Barbour 1972, Palmer and Cordes 1988). Females in some
populations may be lighter in color than males. Saeigel ({1984) raeported that
Florida east coast malea had larger carapacial keels than do femalas.

GROWTH AND SEXUAL MATURITY:

In diamondback terrapins, male and female growth appears to be similar and
relativaly congtant for the first 3 years of life (with a general increase in
plastron langth of 2.5 cm each year), but begins to diverge after that, as
male growth declines, but female growth continues at a staady rate until 6-7
years of age (Allen and Littleford 1955, Cagle 1952, Seigel 1984}.

Reported age at sexual maturity in male and female terrapins has varied with
latitude, habitat, environmental conditions, extent of activity, availability
of food, and many other factore. However, sexually mature terrapins have baeen
reportaed at the following minimal sizes (plastron length), weighta, and ages
for various locations (ordered north to south):

New Jersey (M.t. tarrapin): (Montevaecchl and Burgaer 1975)
Famale: 13.2 om

No information for males

Maryland (M.t. terrapin): (Roomenburg 1990)
Famale: 17.5 em 1200 grams 8-13 years of age
Male: 10.0 cm 300 grams 4-7 years




North Carolina (M.t. terrapin); (Hildebrand 1932)w
Famale: 13.7 cm 7 years
Mala: 9.0 cm 5 yearsa
(* = captive population; active May-~October)

South Carolina (M.t. centrata): (Lovich and Gibbons 1990{
Famala: 13.8 cm

7 years i
Males 9.1 cm 3 years i
Florida (M.t. tequasta): (Salgel 1984)«
Female: 13.5-14.0 cm 4-5 years
Male: 9.0- 9.5 cm 2-3 years

{* = active sesason February-Novembar])

Louisians (M.t., pileata x littoralis): (Cagle 1952)
Female: 16.0 cm 6 years
Male: 9.9 cm 3 years
T B terrapin females probably attain sexual maturity at 6-7 years of age,
bly at plastron length 14-16 cm (5.6-6.4 inches). Malas may reach
maturity at 3 years of age, probably at plastron length 9-10 em (3.6-4.0
inches) (Ernst and Barbour 1972, Hildebrand 1932, Palmer and Cordes 1588).

The sexes may not be distinguishable until thaese eizes have been achievaed
(Hildebrand 1932).

FEEDING ECOLOGY:

Terrapina probably feed primarily on crustaceans and mollusks, but may alsoc
scavenge on dead fish and other carricon. The jaws of terrapina are broad and
heavily-muscled, and can eaally crush the bodies of snails, crabs, small
clama, museals, and marine annaelids. They may alac faed on ghoots and
rootlets of marsh plants, and enter grassy lowlande during high tide to search
for insects (Tarr—1952, ion 1986). BSouth Carolina terrapins fed on salt-
marsh periwinklaes, fiddler ¢ bl , and small bivalve clams (Gibbons
and Lavich 1990). Roosanburg (19954) found remains of soft—-shelled and razor
clams in Maryland terrapins, Cagle (1952) found small clame and snails in
Louisiana terrapins. Cabtlves have readily fed on crabs, Bnaila, oysters,
clams, insects, choppad fish, and beef (Ernat and Barbour 1972, Palmer and
Cordes 1988). Allan and Littleford (1955) noted that terrapin hatchlings
preferred shellfish and snailes, and Dunson (1%85) reported that hatchlings
readily fed on chopped minnows, sguid, and clams.

Extensive ptudies of feeding habitat requirement ed, but

uirementg have nnt beaun conducte
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as Spargihg»A1ﬁhzni{;g;g;_gxﬂﬁpxﬁggglx_ @ moBt important to terrapins a r
and Cordes 1988). Bishop (1983) believed that elavated April-May captures of
South Carolina terrapins in subtidal mudflats were due to a tendancy to
concentrate and feed in these areas to meet post-hibernation and pra-
reproduction energy demands. Marion (1986) reported that most feeding by
Mipaissippl terrapins occurred at. high tide, when they could search floodaed
marshes for esnailg, crabs, and other invertebrates. He noted a praeferance for
marshea that contained channels with moving water. In southern Florida, large
numbers have been found in the intericr lagoons of coarmtal islands, where they
may bury themselves in the soft sediment (Dunson and Mazzotti 1989).
Roosanburg (1994) described typical terrapin habitat as @alt marshes and
lagoons behind barrier dunes, where gastropod mollugks are available.

However, marshes along the Patuxent River in Maryland are small and do not
support large gastropod populations.

As a result, taerrapins in this region
ni:ﬂ_&ui_o_frften__%;g in open waters QW

supported soft-shelled and razor clams. \
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SALINITY TOLERANCE:

Living in brackish water environments, diamondback terrapins are exposed to a
broad spectrum of salt concentrations which nmay fluctuate with location and
seasonal weather conditions. They have been captured {n water Balinlty

v ing from 4.3 to 31,8 {(Bighop 1983, Dunpon 1970, Palmar and Cordes
IEEH, NeYgel 19E3I), yet EEere a ars to be little difference in palinity
olerance in terrapi%mm (Dunson 1985)
‘he—apaciad podaense n r of affective phyasiological and behavioral

daptations that allow it to adjust to changee in salinity (Dunson and
(azzottl 1989). A low integumentary permeabllity to salts and water, the
wccumulation of urea in blood plasma to conserva water, and a behavioral
:endency to drink only low-sallnity water, all allows them to minimize both |
jater loss and sodium intake during early stages of dehydration. ’

ecent turtle studles suggest that an lmportant factor in salinity tolerance’
les amount of seawater taken in with food ingestlon (Dunson and Magzotti 1989).
rhe main source ‘of sodlium intake by terraping at high salinity meems to be the
incidental swallowing of water during food intake, rather than salt content of
the food itself., The appetite of terrapins held in seawater, without access
to freshwataer, gradually becomes depressed, reducing thelr normal lantake of
food by 46-78 percent (Davenport and Ward 1993), and poselbly reducing their
incidental intake of sodium.

The terrapin is the only member of the family Emydidae to possess a lachrymal

salt gland, which allows it to excrete excess sodjium lons during prolonged
dehydration, although at a slower rate than in true sea turtles (Dunson 198S5).

The terrapin also has a remarkable ability to expand extracellular fluid

volume to very high levela, probably as a means of storing water for periods

of dehydration (Robinson and Dunson 1976). This ability may be related to

thelr tendency to exploit the temporary occurrence of rainwater and other =
freshwater sources when possible. To an unusual degree for a marine reptile, ,Jazg
terrapins appear to rely on drinking fresh or brackish water to replenish body]rdi
water stores (Dunson 1985), Early trappers holding terraping for sale found

that providing freshwater enasured greater survival (Dunson 1970), and reportad
seeing them drinking rainwater in the wild. 1In captivity, deahydrated

terrapins will drink freshwater from any available water source, including

puddles and water splgots,

Rdult terrapins are capable of spanding sevaral weeks in seawater without
access to frashwater, but they cannot survive indefinitely. Hatchlings are
also severely affected by long aexposure to Eeawater. In the laboratory,
hatchlings were not capable of growth in concentratione of 100 percent
seawatar. Limited growth was achieved in 50 percent and 35 percent seawater
with periodic access to fremhwater, and in pure freshwater. However, a very
distinct growth optimum was seen in hatchlings ralsed in 25 percent seawater
concentration (Dunson 198S5).

Terrapin hatchlinge are small (5-8 ¢g) and probably have limited dispersal
capabllity. Therefore, the placement of nesta by adult females determines the
salinity conditions that young will be exposed to at hatching and for some
time afterward (possibly until body weight of 50 g). 1In varlous portions of
the tarrapin’s range, salinity near nest sites can ba quite high, even
approaching seawater concentrationas (Dungon 1985), which would inhibit growth
and possibly reduce survival. Rainfall may provide the E;rlodic freshwater
ggggggngz_Egggbliggg_fDr proper growth and rehydration. e at offer
requ and regular access to ralnwater, possibly in the form of runoff from

banka or cocllection in brackish pools, may be the most favorable for terrapin
hatchling growth.

Terrapins may ba the most speclalized living example of a reptile that is
nelther fully marine nor fully freshwater. Hatchlings appear to grow best if
allowed a certain degree of salt intake, which thay cannot obtain from pure
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freshwater. Dunson (1985) Bpeculated that reduced terrapin growth in
freshwatar indicated an evolutionary adaptation by the species that would
maximiga ite efficiancy in brackish estuarine esysteme, but consequently
diminlish it if exposaed to conditions found outmide of that anvironmant.

HIBERNATION:

In the winter, terrapins reportadly burrow into the submerged mud of tidal
creeka, ponds, and tidal flats (Carr 1952, Coker 1906, Ernset and Barbour 1972,
Hay 1904) to hibernate unti{)l the following apring. In a 1973-74 study of
terrapin hibernation on Cape May Peninaula, New Jersey, Yearicks et al. (1981)
found that terrapins used three distinct types of hibernation Bites. 8ome
terrapine rested on tha bottom of creeks, often in natural depressions.and
covered with a layer of mud, whers water dapth was 1.,5-2.5 m at low tide.
Other tarrapins buried themselvas 0.15-0.5 m daep into the mides of craak
banks near the upper tide limit. Preferred sites appearaed to be areas where
the bank had bequn slumping down into the craek. 8till othaer tarraping buried
themeelves in groups benaeath undercut banks within the intertldal zona. Thene
hibernating groups often used natural cavities scoured out by the current on
the outer bendas of creeka. A thin layer of mud protacted them from exposure
during low tide.

There ies at laeast one report of a terrapin hibernating in beach sand (Lawler
and Mudalck 1972). On Novembar 7, 1967, a terrapin was discovared buried in
moist sand abova the high tide level on a baach of the lower York Rlver in
Virginia. The juvenlle terrapin, 5.4 cm (2.2 inches) carapace length and 4.6
cm (1.8 inches) plastron length, was burled about 0.3 m (1 foot) daep,
approximately 8 m (26.4 feet) from high tide mark and 3 m (10 faet) into a
atand of graasa. Tha tarrapin was periodiecally unearthad through the winter in
order to determine movementa. When unearthed, it waa alwaye inactive, with

‘" extremitiaes withdrawn, but small vertical and horizontal movements of 2-8 em
(0.8-3.2 inches) were evident eeveral times. On April 2, the terrapin had
moved about 15 cm (6 inches) toward the surface and was active with all
extremiti{es extended. Alr temparature of the previous week had reached 26
degreea C. The turtle was inactive on April 9 and April 16; alr temperature
had ranged 8-24 degrees C. At mid-day on April 23, the terrapin was active
and within 3-5 cm (1.2-~2 inches) of the asurface. At 9:30 p.m., it wae vary
activa and lightly covered with sand. It wae weighed and found to have loat
no welght since diacovary in November. RAfter being placed on the sand about 4
m (13 feet) from the water’as aedge, the terrapin crawled directly toward water.
After being upended several times by waves, it left the water, walked on the
baach for 10 minutes, then ra-entered the water and awam away. Air
temperature at 2:00 p.m. was 12 dagrees C, and water temperature was 13
degreesn C.

Most observations of Atlantic coast terrapins indicate they begin hibernation
in mid- to late~October or aearly Novamber (Carr 1552, Coker 1906, Hildebrand
1832). VYearicks at al. (1981) reported that, from late-spring to early-fall,
terrapins at Cape May, New Jersey, ware active and dispersed throughout tha
study area. From mid-November to late-Decewmber, terraping moved from open
sounds and became concentrataed within narrow creeks. As water temperatures
,dropped to 6-10 degraees C, terrapins became sluggish and could be seen lying
or moving on the bottom of creeks and sounds in water leas than 1 m deap.
Undar laboratory conditions, taerrapin appetite has remalnad stable at ranges
of 20-35 degrees C, but a sharp decline is seen at temparaturea balow 20
degrees C, indicating depressed metabolic states (Davenport and Ward 1993).

After December, Cape May terrapins werae never seen in the study area, even on
the warmest daya, until they became active sgain in April or May (Yearicks et
al. 1981). Stomach analyeis of 10 terrapines showed all to be empty. This is
contrary to observations of terrapins from other localities, where individuals
werae reported to emarge during winter warm spells in order to feed, and than
return to hibermation (Carr 1552, Coker 1906, Ernst and Barbour 1972, Hay
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1504, Hildebrand 1932). Purther research is nec9gg5;g_;Q_QQLQ;ngg_!bgghgx_<£§>
this is due to 1 al differancas or to other circumstances.

Mortality during hibernation may ba very low. Yearicke et al. (1981) found
almost all hibernating terrapines to be aliva, and only a few carcanses were
evar found during and after winter over several years time, including after a

record cold winter in 1976-77. It is asaumed that hibernating terrapins rely
on reduced and, possibly, anaerobic megaboligp to gurvive.

Terrapins along the Atlantic coastline generally emerga from hibernation March
to aarly-April (Carr 1952, Coker 1906)., Howaver, emerging terrapins may not
be continuously active and feading raeqularly until early-May, instead epending
a period of time shallowly buried in mud banks (Ernst and Barbour 1972,
Hildebrand 1932).

Hibarngtion of hatchlings has not been rigorously studied. Young may over-~
winter {n the nest after hatchlng In autumn, remalning buried untll the
following spring, or may amergae and then burrow into the ground to remain
buriaed until spring (Carr 1952, Ernst and Barbour 1972).

MATING BEHAVIOR:

Hay (1904) reported that Caroclina terrapins mated soon aftar leaving
hibernation. Although terrapins in PFlorida were active by mid-February,
mating was not observed until late-March (Seigel 1980a), and continued until
April 25, Sperm from the male may be stored by the female and remain viable
for a number of seasons. - Therefore, one mating may produce fertile eggs for
several yeara, although the degree of fertility appears to dacline after the
first season (Carr 1952, Ernst and Barbour 1972).

Seigal (1580a) observed larga terrapin aggregations in late March and early
April, which he speculated formed to increasa chances for successful mating.
Concentrations of 6~75 individuals were noted in the canals, but local
residents reported as many as 250 terrapins in one 200 square-meter area.

Carr (1952) and Ernst and Barbour (1572) indicated that mating takaes place at
night or early morning. Howaver, in Florida, mating was cbserved only during
daytime between 10:140 a.m. mnd 4:10 p.m, (Salgel 1980a). No nocturnal or
aarly morning mating was seen. Water temperatures were 24.8-27.0 dagrees C,
and alr temperatures 22.8-27.0 degrees C. Matings were ohserved only ln the
canale and ditches rather than larger lagoons (Seigel 1980a), and all were
initliated and completed in the water. Courtship began with the female
floating at the water surface, and the male approaching from the rear to
nuzzle or nudge tha female‘s cloacal ragion. If the femala remained

motlonless, mating occurred. No head-bobb%Bgﬂgx_ghg,mnla~ﬂA14mmﬂlh
NESTING SEASON:

Ernst and Barbour (1972) state that terrapin nasting ia April-July, depending
on latitude. The following nasting seasons have baen reported for various
locations (ordered by latitude from north to south):

Magsachusatts: June 10-July 20 (Lazell and Auger 1981)

New Jersey: June 9-July 23 (Burger 1976a, Burger and Montevecchi 1975)
Maryland: June-~July (Roosenburg 1993, 1994)

Virginla: 4includes early-June (Reld 1955)

South Carolina: May-July ({Exrnst and Barbour 1972, Lovich et al. 1951)
Migeissippl: late-April to early-august (Mann, unpub., data; Marlon 1986)
Louislana: includes May (Dundee and Rossman 1989)

Floridas: April 28-July 1 (Seligel 1980b, 1584)

Texas: April-May (Garrett and Barker 13587).



NESTING HABITAT:

Diamondback terrapins are aquatic animals and, therefore spend moast of their
life in the water. However, to successfully reproduce, females must coma onto
dry land to construct naest cavities and lay egge that will mature and hatch
young. The hatchlings must then dig their way out of the nest and asaeek
suitable habitat. Most taerrapin nests are located near tha adult’s aquatic
habitat, and females gaenerally travel only a short distance to reach nesting
grounds. In New Jersay, moet nesting routes were less than 100 m (328 feet)
in length (Burger and Montevecchi 1975). However, at another New Jersey
location, it appeared that females travaled up to 450 m (1500 feet) from the
ocean to find suitable nesting sites (Ernst and Barbour 1972), 1In
Xassachusetts, terrapins traveled nearly 1600 m (5,249 feat) to raach muitablea
nesting grounds (Rcosanburg 1994) and, in Delaware, ona female was sean laying

eggs about 8 km (4.8 miles) from the area in which she was originally captured
and tagged (Hurd et al. 1979),

Nest Rlaevationt

Nesting Activity often coincides with the occurrenca of high tide, which may
serve to reduce the distanca travelaed to reach nemting areas. Howavar,
nesting at this time may also insure that nests ara placed above the high-tide
mark. All accounts of nesting activities indicate that nestas are consistently
constructed above the level of normal high tides (Dunson 1985, Palmer and
Cordes 1988, Roosanburg 1994). In some locations, wind-driven high tides may
occasionally flood nasts located near the high-tide mark, but terrapin embryos
can usually survive short-term flooding. Howevaer, prolonged inundation can

result in embryo mortality, depending on incubation stage and length of time
nests remain submergad (Roosanburg 1994).

Sandy Soils:

Another coneistant factor of terrapin nest sites is the occurrence of sandy
substrate. Sandy soils hava large particle sizes, allowing greataer gas
diffusion and lower water demand than {(n clay or loamy soils. The use of

. saandy habitats may ba critical to successful development of ambryos. In
Maryland, terrapin nesting was attempted within a sandy-clay bank where the
slope was flat enough to allow digging by the female. Eggs from this type of
habitat usually did not asurvive; clay particles in the soil clogged egg pores,

resulting in ingufficlient gas exchange to aupport the devaloping embrycs
(Roosenburg 135%4).

Terrapin nesting habitat has {(ncluded tha sandy adges of salt-marshes and
rivars, and the sand dunes of coastal beaches. Terrapina in Massachusetts
tended to select elevated sand dune sites for nesting. Females often employed

significant face-probing before selecting a site, possibly a method of testing
soll texture (EazeII and Kuger 1981, Roosenburg 195%4).

In Rew Jersey, nesting terrapins were observed on Littlae Baach Island (Burger
1976a, 1577; Burger and Montevacchi 1975). The site contalned approximataely
equal areas of low, flat sand dunes and high dunes, and a Spartina salt marsh
separated the dunes from a cova. Observations of 25 nesting terrapins
revealed that they generally walked through the marsh, and then wandered over
the dunes searching for a suitable nest site. Nearly 90 percent of nests were
constructaed within the high dune area, indicating a high preference for this
area over the low dunes. However, specific nest sites within the high dunes
were ganarally on low, gentla slopes, minimizing the machanical problems of
digging on an {ncline and raducing tha potential for arosion on nests.

Roogenburg (1994) studied nesting habitat of terrapins on the Patuxent River,
an estuary of Chesapeake Bay, in Maryland. True sand dunes do not form along
the Patuxent. Instead, narrow sandy strips form at the interface of open
water and land. Terrapins primarily chose tha flat, upper reaches of these
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beachas for nesting, and nesting densities were usually higher on beaches that .
were isolated from the mainland by salt marsheas. Of four disparate sites

chosen for nesting in Virginia, thse common feature was the presence of sandy

goil at about the high tide line (Dunson 1985).

In South Carolinm, nests were found only on amall sandy ialande and the
exposed dunes of sandy beachaes (Lovich and Gibbons 1990, Lovich et al. 1991)
while, in Mlasisslppl, terrapins typically nested on "sand rampa™ formed along
beachea, with open ocean on one #ide and malt-marsh on the other (Tom Mann,
unpub. data). Shell mounds were used in some instancaes, and muskrat trails
were often used as terrapin "highways"™ by nesting females. At Kerritt Xsland
in Plorida, dike copstruction eliminated the original salt marsh habitat, so
terrapina were con?&nza to lagoons or small impoundments. Although sand
dunes, spoil islands, and thae bordera of lagoons were all available for
nesting, nesting was observed only on dlke roads (Saigel 1980b). However,
terrapins on the southarn tip of Florida generally appearsed to nest on sand
berme formed along island edges (Dunson 1585).

Vegetative Cover:

At known terrapin nest siteas, degree of vegetative cover has been varlabla,

In New Jersey, most sites selected on the dunes for nesting supported minimal
vegetative cover of beachgrases and shrubf, usually less than 20 percent. This
probably served to reduce both the female’s chances of encountering roots
whlle digging, as well as the chances of plant roots hampering egg development
(Burger 1977, Burger and Montavecchi 1975). However, nesting femalss still
tended to nest less than 20 cm from the closeat clump of vegetation. Nests
averaged a distance of 11.2 cm from the nearast vagetation and had a mean
cover of B.2 percent (Burger and Montevecchi 1975, Palmer and Cordeas 1988),

In New Jersey, nest praedation was related to vegatative cover. Predatlon of
tarrapin eggas by crowe and gqulls was highest in open aand areas; predation of
hatchlings by fox and raccoons was highest in areas surrounded by grass or
shrubs. Distance to vegetation was slgnificantly greater for nesta that were
not prayed upon compared to thosa that were (Burger 1977).

In Maryland, nesting was primarily done in open, sparsely vegetated araas.
DenBaly vegetated and shaded areas were avoided [Roosenburg 1994). The same
was true for South Carolina, where nests were typically in areaas of sgparse
vagetative cover, exposed to considerable insolation (Lovich and Gibbons 1990,
Lovich et al. 1951). Nests in Florida, as wall, averaged only 20 percent
vegetative cover (Seigel 1980b).

However, in Mississippl, terrapin nests were often in highly-vegetated areas,
although unvegetated areas were also usad. 8Some sitas included Baccharig, and
one area used by eight females supported Juncus and Spartina (Tom Mann, unpub.
data) In Massachusetts, nests were about equally distributed between
vegetated and unvegetated dune faces (Lazell and Auger 1981). Females there
employed significant ggggzgiggigg while pelecting a nest aite, posaibly a

method of detecting vegeta d avoiding a form of nest predation by plant
roots.

Environmental sex Determination (ESD):

The effect of ESD, in which incubation temperature determines asex of the
offapring, complicates the lasue of nest site Belection by terrapina
(Roosenburg 1994). Potential nesting areas vary considerably in their thermal
characteriestics, and females must have a range of microhabitats available in
order to maintain balanced sex ratios within a population. Moreover, a nunber
of other factore, including soil substrate and moisture within the nest, will
affect survivability of the eggs and embryos, length of the incubation period,
and energy resources of the resulting hatchlings. Therefore, availability of
ultable nesting sitea is a critical requirement for terrapin reproductive
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success within a given arpa.

NESTING BEHAVIOR:

Egge are depcsited in triangular or flask—-ghaped nest cavities dug and then
covered by females (Ernet and Barbour 1972). Total depth of neste (from goil
surface to bottom of egg compartmant) hae ranged 11-20 em (4-8 inches) and, in
New Jersey, averaged 15 em (6 inchas) (Coker 1906, Hay 1504, Ernat and Barbour
1972, Montavecchi and Burger 1975, Reid 1955). Depth from soll surface to top
of agg compartment has ranged 5-17 em (2-7 inches) with a mean of 10.6 cm (4
inches) (Montevecchl and Burger 1975, Reld 1955). In Rew Jersey, egg
compartments averaged 4.7 cm (2 inches) deep and 7.3 cm (3 inches) wide.

In Naw Jersey, the female used her front feet to excavate a hcle about 10S mm
wide, 175 mm long, and 50 mm deep. At that point, she walked forward and
proceedad to dig with the hind lags. Burger (1977) found that a triangular
pattern (mean width 3.8 cm and mean length 5.2 cm) was formed as neats were
coveraed, and that nests, which were uaually in the center of the trlangle’s
base and, could be located by this pattern.

Terrapins in Florida were seen nasting only in daytime, primarily 10:40 a.m.
to 4:10 p.m. (Seigel 1980b). Nesting near Brigantine, New Jersey, occurred
betwean 7:00 a.m. and 7:00 p.m., although one turtle was paen nesting betweaen
7:00 p.m. and 11:00 p.m. Farly-morning censuses found no evidence of turtle
activity during the night (Burger and Montevecchi 1975). Howavar, near Cape
May, Naw Jarsey, terrapins apparently nest at any time of the day, both day
and night (Roger Wood, unpub. data). This was also the case in Massachusetts,
as wall as in Maryland, where nesting occurred both day and night, but with a
peak in activity 11:00 a.m. to 1:00 p.m. (Roosenburg 1934).

In Florida, nesting was observed at air temEgraturgg of 28-36 degraees C, with
83 percent occurring at 29-33 dagreed C (Seigel 1980b). More nesting occurrad

during fair weather than during cloudy or overcast days. Females nested more
frequently during high tide, excapt during heavy or prolonged rain (Burger and
Montavecchi 1975, Lazell and Auger 198l1). However, if the rainms stopped anad
sun waa present during high tide, the number of neating femalea were higher
than at high tide on a prior railnless day. Por any given tide time, fewer
females nested on cloudy days (Burger and Montevecchi 1975).

Hoth Burger (1977) and RooBenburg (1994) found that nesting females could be
diBsturbed quite easily. In New Jersey, females searching for a neat alte
moved rapidly to cover if approached. BR digging female would cease digging
and leave a nest hole if approached. Females that had lald faewer than three
egge also left the nest if disturbed. However, femalea that had laid four or

more eggs usually completed their clutch and coverad the nest completely
betore leaving (Buxrger 1977).

Burger (1977) reported that some searching females poked their asnouts into
sand, and some femalea tested as many as 10 sites before selecting one, but
reagons for rejection ware not apparent. The number of raejacted holes was
greater after raina. Time elapsed between initial digging and neat-covering
wag gemnerally 20 minutea. Actual egg-laying usually took less than two
minutes. Indications were that females came onto the dune area, dug their
nests, laid and covered eggs, and returned to the cove within an hour. Thare
was no indication of re-nesting by individual females (Burger 1977).

In Massachusetts, terrapins took a much longer time to select nemts, and often
made non-nesting and false nesting excursions. They nearly always engaged in
acial problpg or "sand-enlffing™ BETOY® Belecting a Bite. Lazell and Auger
(1981) speculated that thie acftvlty was intended to detect rhizomes of the
{/dune—grana Ammophila breviligulata.  They had found the grass to infiltrate aa

much aes 25 percent of the area terrapin nests and feed on the egge’ nutrient
and moisture stores.



In Maryland, terrapins completed the entire nesting proceas in as little as 15
minutes or A long as 2 hours (Roosenburg 1954). The variatlien was primarily
a function of time spent searching for a nesting site. Pemales fraquently

abandoned nesting for various reasons, the primary one beilng threat of
predation.

Roosenburg (1993) noted that females usually approachad nesting beachea in
gﬁoupa of 2 to 25 or more individuals and cautiocuFly examined the beach from
e water, sometlmes for several hours. 8Successful nesting often occurred
when these aggregations were present prior to nesting, although only a few
individuals came ashore and nested at any one time. Numbers within groups
decreased as the nesting season progressaed, probably the result of turtles

completing reproduction for the year and moving to other habltats.

Obgarvance of taerrapin aggregations indicated that they occurred in waters
adjacant to nesting beachea throughout the nasting seaBon. The occurrence of
appropriate nesting conditions could encourage such aggregations Lf the amount
of suitable nasting habitat ig limited. It is aleso posasible that such groups
facilitate recognltion of sultable nesting habitat by membars, or that groups
more effectively spot predators at neeting sites. Some terraping have baen
gseen to “jaw-drop” while being handled and may use this as a form of warning
gignal (Roocsanburg 1993).

CLUTCH SIZE AND INCUBATION:

Terrapln egge are oblong/ellipmoidal in shape, pinkish-white in color, and
have thin, delicate, leathery shella. The shells may ba coated with

‘calcaraeous bumpa which flll out during early stages of incubation (Ernst and

Barbour 1972, Montevecchl and Burger 1975, Palmer and Cordes 1988),

The following clutch eizes have been reported for terrapins from varlous
locations (ordered north to asouth):

Kassachupettes:max. 37 eggs
double-clutching rare/no triple-clutching (Peter RAuger)

Rhode Igland: 16 eggs/clutch (Caitlin Goodwin)

New Jersey: maan 9.76 (range 4-18) (Burgexr 1977)
range 8-12 (Roger Wood)

Maryland: mean 13 (range 7-22) (Roogenburg 1990)

1-3 clutches/year '
Virginia: 7 eggs (one nest) (Reid 1958)
North mean 8-9 (range max. 15-16) {Montevacchi and Burger 1975)
Carolina: mean 5.29 . (Coker 1906, Montevecchl and Burger 1975)
Florida: mean 6.7 (range 5-10) (Seigel 1980Db)

up to 3 clutches/year (based on 3 individuals)

Mipsissippi: range 5-15 (Tom Mann)
range 5-12; 2-5 clutches per year (Marion 1986)

Louisiana: mean 8.5 (range 5-12) (Burng and Williams 1972)
14 and 18 eggs from examination of two specimens (Cagla 1952}
range 4-12 eggs/several clutchaes/year (Dundee and Rossman 1989)
5 eggs (one clutch excavated in 1952) (Dundee and Rossman 1989)

Texass 4-18 eggs (Garrett and Barker 1987)
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The following egg dimensions (in centimeters) have baen raecorded:

New Jersay: mean length 3,16 (2.60-3,65)
mean width 1.98 (1.59-2.19)
maean weight 7.7 grams (5.0-11.0)
(Montevecchi and Burger 1975)

Marylands mean langth 3.11 (2.85-3,50)
mean width 2.12 (2.00-2,25)
{(McCauley 1945%5)

Louisiana:  mean length 3.73 (3.40-4,01)
mean width 2.39% (2.19-2.70)
{(Burne and Williams 1972)

mean length 3.97 (3.85-4.10)
mean width 2.43 (2.40-2.50)
{(Dundee and Rossman 1989)

Floridas mean langth 3.90 (3.61-4,08)
maan width 2.23 (1.90-2.40)
maan weight 12.48 grams (11.20-13.20)
{Seigel 1980b)

Both Montaevecchli and Burger (1975) and Seigel (1980b) identified a trend in
taerrapin clutch size from larger clutches in the north te smaller in the

' south, Howaver, a more significant geographic trend may exist for egg size
(8aeigel 19%80b), with a shift indicated toward larger eggs in the south than in
the north. An increase toward larger eggs and hatchlinga could rasult in
higher survivorship of the young, compensating for emaller clutch aizes.

In New Jersey, clutch size and clutch welght were positively correlated with
each other (Montavecchi and Rurger 1975), Rgg aize decreased as the laying
seagon advanced. In both Florida and Naw Jersey, larger femalea tended to lay

largar clutches and of greatar weight (Montevecchi and Burgar 1975, Salgel
1980b}) . : .

Ernst and Barbour (1972) reported that the average incubation period for
terrapins waq{29~ggiiz:but that total time varied considerably with incubation
temperature. "In New Jarsey, the developmental period was 61-104 days (mean of
76.2 days), with hatching August 20-October 12 (Burger 1976a, 1977). Eggs
from Virginia nests hatched after 69 dayas of artificial incubation (Reid
1955). In Miseilssippi, terrapin incubation may be 70-84 days, and young may
ovar-winter in the nest (Marion 1986). The mean incubation time for eggs from
five Florida clutches was €65.6 days at 20-34 degrees C (Selgel 1980b). Eggs
taken from Virginia nests and from a clutch laid by a captive Florida female,

and incubated in captivity at 28-30 degreas C, hatched in 53-60 days (Duneon
1985).

In New Jersey, about 10 percent of eggse laid were infertile (Burger 1976a,
1977). XMany of these were in nasts that were very deep or very shallow, and
were probably affected by temperature. In nests which hatched aggs in 1974,
69 percent of the eggs hatched succeasfully and 76 percent of the hatchlings
emerged successfully. Within individual nesta, egge hatched over a 1-4 day
time perilod, with the top aggs always hatching first and amount of time
positively correlated with number of eggs and nest depth. Individual
hatchlinga emerged 1-9 days (mean of 2.5 days) after hatching and time elapsed
aeem to be related to air temperature, with 25 degrees C involving the
shortest interval of time. Emergence of hatchlings from an individual nest
ranged 1-11 days, so that the young might emerge togasther, in groups, or
separately. Most hatchlings emerged during the day, and predation while in
the nest was lower for those that emerged early (Burger 1976a, 1977).



Environmental Bex Determination (EBD):

The incubation period of the diamondback terrapin is a& vulnarable stage of its
life cyclae, having laating affects on individualw. Similar to other turtla
speclens, terrapins axperience environmantal sex determination (ESD), a proceas
in which temparature durlng incubation influences saxual development of the
developing embryos and determinas thelr sex. Roosenburg and Kelley (in
raview) examined the effects of incubation temperaturas and egg size on sex,
hatchling size, and juvenile growth of terrapina, and found that males were

produced at 26 degrees C, angﬁ§2;;%2;15§_%3_gmgxngs_jh_ Init{al egg maaa
appeared to be the main determin atchling aize, with little apparent

J effect from incubation temperature. Avarage lncubation time was 47 daya at 32
degreas but 81 days at 26 degrees C, a 34-day dAlfference.

In Massachusetts, the planting of beach~grass for arocaion control may be
adversely affaecting the normal sex ratio of hatchling terrapins. Currant sex
ratios of terrapin populatlons ln study areas appear to ba highly skewed
toward males, possibly the result of nests being placed in areas that have
been planted with herbaceocus vegetation. If coolar subsoil temperatures are
created, a greater percentage of males may be produced than would normally
occur undar unmodlifisd conditione (Peter Auger, unpub. data). The overall
ratlo of developlng embryos may be influenced by a number of incubation
parameters, such as mean temperature within the nest, temperature range, and
length of time the temperature remaines above or below a threshold point.

HATCHLING BEHAVIOR:

Hatchlings are patterned much like adults but are usually brighter in coler.
The shells are round, and head and tail are proportionataely larga in
comparison with adulta (Ernet and Barbour 1972). Recorded hatchling slzes

have ranged as shown below (Burger 1977, Burns and Willlliams 1572, Reid 1955,
Seigel 1980Db):

sax

!
New Jarsay: carapacb lengths 2.50-3.07 em (mean of 2.75) tj L’IJ‘J{L;
carapaca widthes 1.85-2.5% cm {mean of 2.23)
waightt 5.0-9.0 grams (mean of 6.8) { ‘2 /-
Virginla: carapace length: 2,70-2.85 cm {mean of 2.74) Y\arrbt e
carapace wldth: 2.70-2.85 cm (maan of 2.74)
Florlda: carapaca length: 2,88-3.40 em (mean of 3.19)
welghts 6.0-10.8 grams (mean of 8.83)
’ Taxas: carapace length: 2.94-3.04 em (mean of 2.99)
carapaca width: 2,27-2.45 cm {mean of 2.35)
weight: 7.2-9.1 grams (mean of 8.1)

Significantly little is known regarding behavlior and ecology of juvenile
terrapine from the time that a hatchling emerges from the naest until it
reaches mexual maturity some yaears later. Most studies have noted a distinct
ahgance of hatchling and very young terrapins in their capture samples. One
early study noted a scarcity of hatchlings and small juveniles in cartain
North Carolina marshes (Coker 1906, Palmer and Cordea 1988). Data from & two-
yaar atudy in Delaware indlcated minimal recruitment of juveniles (Hurd et al.
1979). Although hatching was known to occur nearby, no specimens 3.0-9.0 cm
in length were ever located. Lovich and Glbbona (1990) also found an absence
of hatchlings and juveniles 0-3 years of age in thelr sample of over 670
marked individuals, despite repeated efforts to locate them with various
collecting techniques. They reported that, after entaring the watar,

juvenilee in thelr South Caroclina population were rarely seen again until they
attained sexual maturity some 3-6 years later.

rging hatchlingse were observed in New Jersey by Burger (1976a, 1977). She
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found that moet hatchlings emerged during the day between noon and latae
aftarncon. BSubseguent movements werae primarily influenced by presence and
location of vegetation, with most hatchlings heading toward the nearast clump
of vegetation, regardless of degree or direction of plope. In unvaegetatad
areas, hatchlinges tended to move down-slopa, but otherwise moved randomly.

In an attempt to raesolvea miaeging information on their South Carolina
populations, Lovich et al. (1991) also obmerved the behavior of terrapin
hatchlings. Thay removed eggs from wild nests, artificially incubated them,
and released the rasulting hatchlings along the shoreline of an island known
to have neating activity. The island supported a denss cover of Spartina
patena, and the marsh consisted of Spartina alterniflora stands that wera
expogsed at low tide. The hatchlinga were raleased in the water within 1-2 nm

of the shoreline or on the igland, and the behavior of each one wag monitored
for one hour.

Lovich et al. (1991) found that all hatchlings avoided open water and,
instead, swam toward shoreline vegetation. This occurred even when observers
were on the shoreline in direct view of hatchlings. The orientation of
raelease, relative to the sun, did not appear to influence this behavior;
hatchlingas on both north and south sides of the island all swam toward ahore
when raelaeased. Even hatchlings released in the water, and facing away from
the lsland, turned and swam toward shore. Once on shore, all hatchlings moved
toward a line of tidal wrack (primarily Spartina stems). Upon encountering
the wrack, they burrowed into it by pushing stems apart with their forelimbs.
This behavior waas consistent among the hatchlings, and waas repeated by
individuals pulled ocut of the mat and again released. Burrowing in the tidal

wrack always occurred at high tide line; no terrapins were obsarved entering
the igland’s interior.

Ovar a three-year period of time, from late-May to October, Pitler (1985)
diascovered 12 juvenile terrapina within a New Jersey tidal mudflat. They

, varied 2.5-7.5 cm in shell length, and all were found in wall-drained areas
approximately 91 m from the water’s sdge. Most wera found undar mats of

Spartina grass and surface debris, but a few were discovered under rocks,
boards, and a low buagh.

Thase obsaervations indicate that very young terrapina may utilize the
underside of mats of vegatation and other debris found along shorelines as
their general habitat. These would be likely and suitable use sites for them
for Beveral reasons (Lovich et al. 1991). Tidal wrack and flotsam provide
covexr to terrapins at sizes at which they are highly vulnerable to predation.
Periodic flooding of mats would maintain moist and cool conditionms. Lastly,

, food in tha form of emall invertebrates (emall fiddlaer crabs, square-backed
crabe, marah periwinkles, other small ineacts and amphipods) would be
avallable. Daspite intensive seaarches, however, Lovich et al. (1991) were
unable to locate very small terrapins in other locations. They proposed that
sauch emall age-classaes might normally exist at very low numbera within a
natural population due to heavy predation on small jJuveniles.

MOVEMENT ECOLOGY:

Nest-site fidelity, or phllopatry, is the raturn of individual females of a
gpecies to the same nesting beaches for repatitive nestingse. Long-term
research of Maryland terxrapins has revealed a high degree of site fidaelity by
femala terrapins during the nesting season (Roocsenburg 1983). Recapture rates

on two nasting beaches has approachad 95 percent, comparad to S0 percent for
non-nesting sitaes.

Th intenance of healthy t lations may be depandent upon t
protection ¢of gpec ¢ nesting areas. arrap N New Jaraaey and

Massachusetts are salective about nesting mitem, resulting in a clumped
\~/Aistribution of neets (Roosenburg 1994). In Maryland, a very small number of
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nesting attempts have bsen mada in margina) habitats., Nest-site fidelity may
be the cause, by forcing some females to attempt nesting in areaa that were
once suitable nesting spotas but which have deteriorated with time. Human
encroachment onto suitable nesting sites may force terrapins to nest in lesa-

appropriate areas, or sh y block accass to formerly
sultable slites (Roosenburg 1954).

Evidence indicatas that terrapins, in genaral, inhabit areas as discreta
populations, with very little movement between them. In Maryland, movement of
terrapins during the early part of thair active Beason was specifically
investigated along one segment of the Patuxent River (Roosenburg 1593). The
rasults indicated that terrapins mova verv littla., Over half of all
recaptures occurred within the original capture sita. No marked terrapinsa
were capturad more than 14 km from the orliginal capture site. Recaptures were
congiderably lower at distant eBltes, and lowest in araas farthest from the
main study slte. However, recapture rates were greatar at distant sites but
on the same shorelline as the study slte, than on nearer sites on the opposite
shore, suggesting that movement by terrapins may be oriented along shorelimnes

and that movemant across ocpen bodies of water is generally avoided (Rooaonburg
s weiiflaet vs. S.A. Torrap M —= virar i 0///

1993).

Terrapine in South Carolina also exhibited extremaly high site-fldelity on a
year-to-year basis (Lovich and Glbbons 1990). Individual males and females
ware often recaptured within several meters of the original point of captura
in as many as three Buccessive years, including during pericda before and
after storms and hurricanes. Xn only asix caseB (2 malaes and 4 females) were
major displacements of 100-200 m (330-660 feet) evidant. In New Jersay, AA
wall, turtles marked at one mangrove laland were nevar found at any other
island (Rogar Wood, unpub. data),

vulnarable if a new source of mortality is intrcduced into an area, such as

nt It also renders some population

stimates questionable if they are based on figures determined for only a
lim{ted area, because |

asgsumad ranga. The study o erra grove islands off New Jersay
rev: y differences batwaen islands, even though some islands

. appeared to be similar in character (Roger Wood, unpub. data). Seasonal
differences were also found. 1In early spring, females tended to be in uppar

creek reaches but, as the season progressed, moved elsewhere, often in groups,
indicating some dagree of soclallty.

@ Movement by terrapins within and between populations requires further,
regearch. Past studies have {ndIcdtod crorEiderable gggg;gghég_xg;ig&&ginln
’ the life history characteriatics of the various terrapin races, sugges g
minimal migration between populations,
between various areas, the tendency fo: development of gemneticall

populations would be high. T BHE E ade determine the home
range of IndivIduAl terrapins 1Y darly wcrivity Patterns, and =Y énces
i ooasonal NEBIEAt useg, 7The naad

1f terrapine normally move very little
d

or genetlc analyals to determine degrea
of movement and of gaenetic {solation betwaen adjacent populations i strongly
indicated.

SEX RATIOS:

Eastimates of sex ratios for terrapina of varlous populations have ranged from
strongly female-biased to strongly mala-biased. The following male-to-female
ratioa have baen recorded for terrapins:

New York: O0.63-1.73 (Steve Morreale, unpub. data)

Delaware: 0.75 and 1.22 (Hurd et al. 1979)

Maryland: 0.46 (Roosenburg 1593)

South Carolina: 2.27 overall (range 0.51-13.67) (Bishop 1983)
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South Carolina: 1.78 (Lovich and Gibbone 1990)
Florida:r 0.10-1.18 ({Saeigel 1984)

Loujgianat 4,38 (Cagle 1952)

Captivity: 0.17-0.23 (Hildebrand 1932)

Lovich and Gibbons {1990) used a varisty of techniques to capture a total of
414 turtles (265 males and 149 females) on Klawah Island, South Carclina. The
proportions of first captures and of total captures were both mignificantly
biased toward males. BSex ratioB were male-biased in all years, Bome
significantly so. Monthly variation was generally male-biased. Captures made
in all major habitats of the study area were male-biased.

Lovich and Gibbone (1990) identified four demographic factors that could

affect the sex ratio of natural populationa: the aex ratio at hatching (ox

the primary sex ratio), differential mortality of the saxas, differantial
emigration and immigration betwean the sexas, and differaential age at maturity
between the mexea. They coneiderad all four factore in their analysis of
male-biased capturea in their South Carolina population, but differential age
at maturity was believed to be the primary reason for their findings. They ,
postulated that the sex that matures earlier in a species will always ;>£
predominata numerically in natural populations. ’

: Y]
In contrast, sex ratios of captured terrapins in Maryland were female-biased *Cj;b s
approximately 2:1 (Roosenburg 1590)., This might indicate greater movement byL_’71r>a4L
females, but could also reasult from males having very wide ranges, larger tha
could be detacted within the melected study area. Another possibility is
differential survivorehip between seaxes. The sex ratio of terrapins over 10
years of age was 3:1 female-blasad, possibly indicating continued differential
survivorship between males and females as they age, with males exhibiting
higher mortality.

The perception of population gex ratic can vary as a function of collecting
technique, tha micro-habitat samplad, differences in the behavior of the
sexes, the ability to determine the age or size at maturity, or a combination

of these factora (Lovich and Gibbons 1990). The potential to create sample -%:Sﬁrnp

bias by selaction of collécting technique iB 6f7ﬁ5ﬂ2ﬁ!—EBEEEEE"IEﬂEEEE?E_EE_ B/ A<
errapins. All capturaes by Lovich and GIbbons (1950) were male-blased.

However, thelir male-biased estimates derived from seining were two times

graeater than those from ammel netas, indicating 868 e sample biaa. In

South Carolina, yearly sex ratiocs differed greatly: 0.5:1, 3.3:1, 13.7:1 for

three conBecutive yeara (Bighop 1983). Sample blas was suspected due to size ;&-SVLE

reptrictionpg imposed by crab-pota, which would prevent entry of 1argé femalas. ResTe
Male catches generally outnumbered females in unbaited pota. l§$P05

<Y
In the Patuxent River study, asitea were chosen for thelr ease in capturing Po
terrapina (Roosenburg 1990). Thrae aites ware suspected nasting beaches, and JQJ
capturaes here would target faemalee. Moreover, capture methods at these sites .
waere limited to only :x¥ﬂ,nets and hand-capture of naesting females, again £ B/
biasing results toward females, A fourth study site was Belected due to the

obaerved presance of many terrapins there in early May. Capture success at
this site was high in early-May, but decreased considerably by late-May, and
recaptures indicated that turtles moved away from thies site, but not toward
it. These findings all suggeated that the site was an over-wintering area.

It is important to note that the sex ratio of captures at this site approached
1:1, possibly reflecting the true ratio of males and female terrapinge within
the entire study site (Roomenburg 1990).

In Florida, sex ratios of captured terraping varied seascnally, but included a
femalae-biased high of 5:1 (Seigel 1984). The leaat-skewed capturesB were in
March-Apri{l, during the epring mating season, when males reach thelr greatest
rapragentation in local populationa. Bishop (1983) believed that catch
dominance of males in the spring reflected their heightened activity angd
aggraessivenasg during the breeding season. A dacline in catches of either sex
after April or May tended to support this baelief.
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MORTALITY:

Predationt

Predation on eggs and hatchlings may represent the primary aocurce of terrapin
mortality in most populationa. Within the terrapin‘’s range, potential

predators are many, And include crows, gullda, hogs, muskrats, raccoond,
otters,  skunks and foxes.

In New Jerssy, Burger (1977) found pradation rates of 51 and 73 percent for
two successive yeara. Crowe and laughing gulls were the primary avian
predators, and were effective during the egg-laying periocd. Gull predation
occurred when a gull disturbed a female laying eggs, who then left the nest
with freshly-laid egga exposed. Crows generally approached and dug up neste
with their bille after the females had covered them and laeft. Raccoon and red
fox were the primary mammalian pradators. They wera activa at night and
throughout the developmental period of the eggs, but increased their predation
as hatchlings became present in nests. Mammalian predation waam higheat in
protected dune areas surrounded by trees and shrubs, and avlian predation was
highast in open sand areas. Distance of a neet to the nearest vegetation was
significantly greater for those that were not preyed upon. Areas with a
greater density of nests experienced higher predation ratea. Nests initlated
in June had lower predation rates than thoss begun in July.

Rooganburg (unpub. data) notad predation on terrapin eggs by an ant epecies
which fad on calecium. Lazell and Auger (1981) reported a form of predation by
the beach—-grass Ammophila breviligulata. They found that 25 percaent of
terrapin nests studied at a Massachuspetts site had been infiltrated by
rootlets of this grass. They speculated the grass actively sought out nests
and used the eggs as a source of nutrients and moisture.

Adult terrapins are algo susceptible to predation. Saigel (1980c) reported
pradation of an adult famale terrapin at Merritt Island, Florida, by a’
raccoon. The racceon broke the turtle‘s neck, severed the left hind leg, and
pulled out internal organs through tha resulting hola. A number of other
freshly-killed terrapins were found along the dike, 86 percent of them adult
females. Although dikes were surveyed year-round in 1977-78, signe of
.predation were avidant only during the terrapin nesting season (late-April to
early-July), a time requiring significant overland activity by adult females.

Ag much as 10 percent of the adult female population may have been killed by
raccoons during this parioed.

In a longer—~term study of terrapina at Merritt Island, Seigel (1584) found a
marked difference in population size atructure between two lagoone. Thirty-
one percent of femalea from one lagoon wera more than 17.0 cm in plastron
length, compared to only 3 percent from the second. Differential mortality,
rathar than sampling bias, was coneidered to ba the cause. Fepales in the
sacond location appeared .to guffer heavy predation by raccoons during the
neating seaBon, but not Bo in the first lagoon. Each time a femala at the
sacond lagoon came ashora to nest, she faced a high risk of encountering a
predator and being eliminated, resulting in a lower proportion of females
surviving to reach the larger, and older, size classes. It ip poasible that

man-made chan habitat encouraged pre
%S_Qkkan_pgllt on the refuge in 1958 to control mosquitoes deptroyed most of

he area‘’s salt-marsh habitat. A local reslident claimed that cecoan.
PQEE_EEL°“B ncre sharply at tha elge c).o

In Maryland, Roosenburg (1994) found predation by raccoons to be a primary
cause for apprehension in terrapin femalea. Raccoons prayed upon both young
and old terrapins, but primarily adult females coming ashore to nest.
Terrapins were killed with a bite on the back of the head and, similar to
those in Florida, eviacerated through the inguinal (groin) region., Naat
predation was 55-95 percent and seemed to be density-dependent. He eatimated
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only 1-3 percent survivorship of aggs to hatchlings due to predation on neste
{(Rooganburg 1950).

Motorized vehicles:

automobilles, bikes, etc.) may be significant in some areas. In Masasachusette,
Pater Auger found off-road vehiclaa (ORV) to ba a major problem for emerging
hatchlings which utilized ORV trails to move away from the neat. The
hatchling mortality rate in such areas was 90 percent. Survivorahip lmproved
significantly with relocation of ORV trails.

V// Mortality of both adults and hatchlings from motorized vehicles (boats,

In some areas, road killa cause a significant loss of adult femalea. At Cape
May, New Jersey, as many as 267 female terrapins have baen killed in one
neating meason as they attamptad to reach nearby nasting grounds (Rogar Wood,
unpub. data). Terrapins there appear to nast at any time of the day, both day
and night, and are susceptible to road mortality at all timea. A campaign has

been initiated by local citizena and schools to patrol stretches of road and
remove terrapina from danger.

In Naw York (Morreale, unpub. data), there was no apparent mign of motorboat
impact or propeller damage to terrapine, although motorboat impact remained
the primary aource of impact to raesident sea turtlea. However, work carried
out in Rhode Island (Caitlin Goodwin, unpub. data) revealed that le
damage to female terrapins by motorboats was a asignificant problem. In

yland as well, Roosenburg (1990) found motorboat impacts to be a chiaf
cauee of female mortality. Since 1987, nine terrapins have bean found which
had died as a result of propeller cuta. Of these, elght were mature femalaes.
Moraover, nearly 20 percafit OF captured adult females have had scara from
propeller cuts, but only 2 percent of captured malea. Tha higher frequancy of
propeller cuts among females may be a function of their larger asize and
reduced ablility to escape oncoming boats as quickly as males. Moreover,
certain terrapin behavior may increase opportunity for motorboat impacts.
Roosanburg (1990) has obsarved as many as 200-300 terrapins basking on the
water surface on calm sﬁnny days when the upper inchea of tha watar column are
warmer than lower layers, making these terrapins particularly wvulnerable to
boating accidents. These aggragations often occur in channel areas where both
boat traffic and boat velocities are high.

Habitat Loss and Modification:

Roosanburg ({1990) believed habitat deatruction to be a source of major lmpact
on terrapina in Maryland. ComSt¥uctlion of waterfront property eliminates
, terrapin nesting habitat directly, and bulkheading eliminatee acceas to any

ramaining nesting areas. ecausa of their sitae-fidelity to nastin rounds

entire terrapin breeding colonles ﬁé} be Togt, Nesting activity may alsc Be
crowded intoc smaller and amaller aresas, reducing the survival of nestlings.

Some terrapins may continue to lay aggs where sandy areas remain seaward of

bulkheadsa, but these eggs are deastroyed as high tides inundate them. The

drainage or impoundment of salt-marshes also resulta in habitat loss, and the

alteration of normal freshwater flow into estuaries may adversely modify
suitable terrapin use areaa.

Roosenburg (1990) noted that planting sod-forming beach~grasses for erosion
control could result in mortality of terrapin egge and hatchlings. Rhizomas
of such grasses frequently penetrate and kill terrapin eggs, or prevent
emargence of hatchlings by entanglemeant (Lazell and Auger 1981). JIntroduced
hggg%:gsggggn_can quickly invade and colonize large areas of open sandy
beaches previocusly used for nesting. Grasses may also affect beach
microclimatology by altering soil temperatura and moisture, aubsequently
altering the normal sex ratios of terrapin nestlings.

Shoreline development also increases predation upon nests and adult terrapins.
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Pradators such as raccoons are well-adapted to human encroachment and can
expand thelr populationa rapidly. The concentration of terrapin neste within
smaller areas, dua to lose of nesting habitat elsewhere, further increases
pradation loass (Burger 1977, Roosenburg 1993).

Significantly little ls known regarding the behavior and acology of hatchlings
and very young juveniles, and many studies have noted a distinct absence of
these age—-classes in capture samples (Coker 1906, Hurd at al. 1979, Lovich and
Gibbons 19390, Palmer and Cordes 198B, Seigel 1984)., Some reports indicate
that hatchlings and juveniles may depend on clumps of vegetatlion on beaches,
or on tidal wrack containing marine vegetation, for cover (Burger 1976a,
Lovich et al. 1991, Pi{tler 1985). In tha case of Rurd et a1, (1979), such
areas were scarce and remote from nesting areas due to davelopment and dredge-~
spoil placement. If hatchlings born in the area could find little or no
gsultabla habitat in which to survive and grow, the migssing age classes may

have reflaected a cataatrophic and continuing source of mortalLty of young
terrapins.

Other:

Seigel (1383) found that barnacles in Florida could do extensive damage to
tarrapin carapaces. Of £wo populitions of terrapins, 76 percant were infested
with any of three different species of barnacles. Barnaclea most often
sattled on the carapace, where the primary impact was gradusl shell erosion.
In a few cases, such erosion was severa enough to cause fatal Injuries.
Infastation of the plastron was less frequent, but occurrence of barnacles
here could interfere with mating and nasting activity. Selgel (1983)

suggastaed that barnacles be conasidared parasites of terrapins rathar than
commansalea,
et L

CRAB-TRAPPING: &

COMMERCIAL TAKE?

D S L e ]

Known or suspected commercial terrapin harvasting occure in at least eight
statea (New York, New Jersey, Maryland, North Carolina, Georgla, Florida,
Alabama, Louisiana), and the demand may be increasing. Restrictiona on thia
commercial take exiast in some areas, but some prohibitions may require
modi{fication in order to better protect reproducing adults. The harveat of
species for human consumption ie generally targeted toward the largest
individuale of a population; {n the case of terrapina, thesa would be mature
faemalea. In Chesapaake Bay, commarcial take of terrapinag i{s limited to those
at least 15 cm (6 inchas) in plastron length, almoat exclusively mature
females (Roosanburg 1990). Possibly 8,000~12,000 of these individuals are
taken annually. At the time of a study by Bishop (1983), South Carolina law
prevented commerciaml terrapin harvest April-July 15, At all other timaes,
however, the minimum legal aize was 12.5 cm (5 inches) plastron length,
eliminating almost all malas and immature femalea from commercial
exploitation; of 195 captured males, only two exceeded tha legal siza.
However ture females usua;ég_g!ggﬁlzﬁl_gm_xn_;ggggh) could be legally—
Aga a reasult, probably e most Important segment of a healthy terrapin
population, reproductively mature females, may ba selectively targeted for
commercial harvest by many state regulations.

Without regqulation, commercial harvestere could easily remove entire
populations within a short period of time, Terrapins are long—-lived speaciaeas,
probably surviving in excees of 40 yeara. However, females require about 7-9
years to mature and, once maturity is attained, fecundity may be relatively
low and recruitment rates vary low. Consequently, terrapin populations
probably could not gustain long~term direct harvest if mature femalesa ware
significantly exploitabla. If the demand for terrapins should increase
greatly, current regulations should consequently undergo review and poseibla
raviaion in order to better protect the egg-laying members of terrapin
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populations.
INCIDENTAL TAKE:

Incidental take of terrapina by capture, and Bubsequent drowning, in shrimp
nets and crab-traps has bean documented and may represent a major impact.
Tarrapina are often mistakenly capturaed in pots baited for crabs, particularly
when traps ara placed in tidal creeks and shallow-water areas.

Ocourrencet

Roosenburg (1990) coneilders entrapment of terrapine in crab-pots to be a
significant problem in Maryland waters. Commarcial crabbing is allowed only
within the main channels of Chesapeake Bay (avarage depth 15 feat), where
terrapin presence is unlikely. However, riparian landowners are allowed to
ally, trapaes are place n e andowners leéave thelr site on a
wackend, and checked for crabs when they return the next weekend. Along with
crabs, the trapa also gapture an roun terrapine. Based on esfimated numbers
of active crab-pots, RnosaESurg’TIUQUT'EETTSVEE'EEht 00-1500 terraping may be

drowning each 152;‘ a loss of as much aB 20 percent OE EEe EEEEIEEIEE: He —  —
elfeve at this recreationally based incide may more hazardousG?E)

to terrapina than that from frequently chacked commercial traps.

Bighop (1983) sampled various crabbing devices in South Carolina waters in an
attampt to determine terrapin capture rates and the potential impact to the
species from crabbing activities. 1In 1979, sampling was carried out at nine
shallow-water stations ueing four devices (hard crab-pot, peeler pot, habitat

pot, crab fyke). Hard crab-pots were baited with frozen fish, and peeler pots
with live crabs; habitat pots and crab fykees were unbaited. BRach station was |57
fished and checked dally Tuesday-Friday Rpril-November. In 1980, fishing
efforts were confinad to five statIons and, In 1981, three stations. Sampling <
efforta at these locations bagan late March-early April and continuad daily
through June; capture gear wags modifiad peslar pots and habitat pota.

1
Sampling results ware highly variable for the three yeara. A total of 281
terrapine were captured: 65 in 1979 (0.5:1 male:female), 172 in 1980 (3.3:l
malet: femala), and 44 in 1981 (13.7:1 malesfemale). In 1979, hard crab-pots
were the most Buccesaful with 71 percent of all captures. The habitat pot was
the least effective, with only a one percent capture rate, and pealer pots and
crab fykes were about equal in success. In 1980, peeler pots made four times

more captures than habitat pots but, in 1981, habltat pote were three timea
more effective than peelers.

Tarrapin capture was distinctly BaaBonal. Over 55 parcent of all captures
were made in April, 32 parcent in May, and 5 percent in June. In 1979, no
terrapins were caught aftar September, and catches after May (total of 25)
ware almost completely restricted to baited pota. In 1980, only five
terrapins were caught after May and, in 1981, all captures were in April.
Bishop (1983) believaed that elavated April-May catchas regulted from post-
hibernation feeding and sBpring reproductive activity. Shallow-water mudfl

Fmer in epring than are deeper waters. Crabs can often be found within
MW’M there by crabberg, Since
Bishop’s (1983) findings indIcate a erraplne are also particularly active

during this time, crabbing in shallow areas during this pariod may result in
significantly high £

Terrapin catch per-gaeaar-day in RApril-June ranged from a high of 0.24 for
habitat pots i{n April 1981, to 0 for habitat pots in March and June 1980, and
0 for both habitat pots and paeeler pots in May and June 1981. Hard crab-pots
averaged 0.16 terrapina per gear day in RApril and May 1979. Using this
capture rate, the number of licensed crabbers in South Carolina, an estimataed
average of 60 pots fished by aeach crabber, and tha percentage of thosa fished
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close to shore in shallow water, an sstimated April-May catch rate of about
2,853 terrapins dally can be determinad for South Carolina watars.

"?"k Terrapin mortality from drowning, howaever, may not be equal to capture

49

numbers, Blshop (IUBJ) found that terrapine were raraely discovered ardwned Lf
traps were checkad and emptied on a daily bamis. Mortality under these
conditions was estimated to be 10 percent of captures, but higher if dally
checks were not possible. Assuming a 10 percant mortality rate, the number of
South Carolina terrapins found drowned on a daily basis in spring in
commarcial crab-trapas would be approximately 285. Purther asauming a 10
percent mortality rate from crab-trapping throughout its range, the high
number of crab~pota fished each year in U.S. watars within terrapin habitat

could account for a g;ggggﬂgég;_ggggpt of post-juvenile terrapin mortality,
posglbly more than th resulting from any other singla factor (Blshop ).

Although terrapines in northern climstes appear capable of surviving inundation
for a prolonged pariocd, those in southern habitats may be much more vulnerable
to drowning. Tom Mann [unpub. data) has found that terra-ins in HLaaiasL;-L

) focta of the crab fLshery in various portlona of the terrnpin 8 ranqe,(é
particularly within the GQulf Coast region.

B8ize Restrictions:

Crab—-pots are likely to capture a disproportionate number of terrapin males
and young females, Roosanburg (1950, 1993) found that terrapin females of age
8 and above were generally too large, more than 15 cm plastron length, teo
easily enter crab-pots. Adult males, however, remained sufficiently small
{(average 11.2 cm plastron length) to enter trapa, making all male aga~clasases
vulnerable to capture, In a survey of crab-pot captutea,‘R3333HBEE§_TI§§?T'“'
Tound a 2:1 ratio of adult males to females, while a sBurvay of all capture
methods revealed an adult wslesfemale ratio of 0.4611. Young females also
remalnad vulnerable. The average size of females caught in crab-~traps was
10.9 em plastron length, while the average slze of females caught by all
methods was 16.2 cm. Bisghop (1983) also found that, in his crab-pot captures,
males ovtnumberad females 2.3 to one, probably because the amall opanings
(typically 11~12 cm in width) of tested crab-trape precluded entry of mature
femalaas. The size of captured males ranged 7.9-12.8 cx in plastron length,

with a madian of 10.0 cm. Females were 7.6-17.5 cm, with an average of 12.1
cm.

Ghost Traps:

Perhaps fer more detrimental to terrspin populations is the existence of ghaat.
pots, trapa lost accidentally or intentionally released but no longer fishad,
Ghost pota are frequently carried to shalldw areas through tidal action and,
in such locations, may account for substantlal terrapin mortalities. One pot
found in April 1978 contained the decomposing bodies of 28 terrspins (plastron
ength B.8-16.3 cm) (BI#nop I993). 1In Maryland waters, recreational crab-pots
re frequently abandoned or loat at the end of summer, continuing to catch
urtles throughout the fall and following spring (Roosenburg 1930, 1993). Omne
ibandoned crab-pot contained the entire shella of 49 terrapinas and the remaina
>f many others, reprasenting as much as 1.6~2.8 percent of the terrapin
population., It is also possible that the presence of a terrapin in a crab-pot
serves as an attractant to other terrapinse, increasing the likelihood of large
kills (Bishop 1983, Roosenburg 1950). In Bishop‘’s (1983) study, nearly half
of all capture ents in 19B80-1981 involved two or more terrapins. In one
case, 15 terrapins were obtained in a single catch. OQne was a female and waa

6¥9ptobablx responsible for capture of th malas
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Protective Measures:

Terrapins in New Jarsey are protect pril through October, and crabbera are
or terrapin. Howaver, crab-traps may

\ggggxggg_to chack thaeir traps dail
@amain a significant cause of {pcidental terrapin mortality. To reduce the
incidental take of taerrapina, various forms of “diamondback excludar devicaas™
{DED) may ragquire investigation. One has been developed by Roger Wood (unpub.
data) involving the placement of wire ractangles within the entrance funnels
of a trap, making the entrances too small for most tarrapins, but still
allowing crabe to enter. The device appears to be 95 parcant effective in <::>
. excluding terrapina, but also allows a significantly higher number of craba to
be caught with minimal reduction in overall esize. Another form of davice may

involve the placement of a small piece of PVC pipe placed on each saide of a ’Défffﬁs
trap entrance.

Roocaenburg (1993) has developad a modified crab-trap that increases the trap
height, allowing terrapins access to the water surface and air. To be

effactiva, howavar, the trape must raach above tha higheat tide laval,

restricting their uge to relatively shallow water (two-foot tidal amplitude at
most amites). The modified design has been tested and no difference in captura
succenas of crabs was found, but a significant reduction in numbere of drownad
terrapins was noted (Roosenburg 1993). The gost of all of the above devicea G%;?
or trap modifications Le relatively emall.

A similar gourca of mortality for terrapine (and other air-breathera) may stam
from the use of nets with cod ande, such as fyke nats, which are permanently
submerged. Dead, apparently drowned, terrapins have been found in the

vicinity of £¥EEEQBS§J Roosenburg (1993) has found that placement of a float
{n the back o6f the cod end can avoid this type of terrapin loas.

STATUS:

Conflicting information axists regarding the statua of the terrapin in various
parts of ite range. Poguiations are reported toc ba stable (or slowly

increasing) in Massachusstts and the Florida Keys. erraping in Long Island
South, New York, were spec cally invas

ga racently due to fears that
large numbers wera being taken for food by tha local Asian community.
However, a healthy population appears to be present, with tarraping found at
over 70 percent of etudy sites and within a variety of habitats (Stava
Morxpgale, unpub. data).

However, a two-year study of terrapine in a Delaware salt marah Buggaested a 9/

population decline and 1gE%_gi_:anzuLEEggE_gE:ﬁEEEEndiﬂidngl%_(Hurd et al.\\‘\___j¢y
' 1979). capture effort in 1975 indicated a reductlion in population size

through tha active season, from a June mean of 1655 (dansity of 1.8 terrapins

par linsar meter) to an August mean of 378, The decline primarily occurred in

late~July, and was aseumed to be due to late-~season dispersal. Howewver, 1576

data indicated a continued decline of population and no aignificant

immigration of new individuals. The reduction in numbers was disproportionate

batwaen the sexaes, with 30 parcent fewer males, but 57 percent fewar femalaea,

and a specific decline in famales of less than 15.5 cm carapace length. Size-

class fraquency data revealed a lack of juveniles; spacimens 3.0~9.0 cm in

length could not be locatad anywhere in the marsh, although nawly hatched

Bpacimens had bean cbserved near nesting sitaes, and varioua capture tachniques

wera used. B5tudiea elsawhere have also noted an absence of hatchling and very

young terrapins during capture efforts (Coker 1906, Lovich and Gibbons 1990,
Salgel 1984).

In Maryland waters, over 3500 tarrapina have been captured and marked as part

of a long-term mark- pture-study-within -the-lower Patuxent—Riv
cheﬂupauka‘Egyszssgigi:rq 19903, The findings indicate low recruitment of

} young; ‘over 50 percent of the population ie comprised of individualas over 10
" yaars of age. Moreover, the number-of sBuccesgful nedte decl{ned T¥o

AT .
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percant in 1987 to 2.4 percent in 1990. Desapita an apparent decreape in nast
predation, the number of hatchlings produced from each successful nest
dacreased from a mean of 10.75 to 3.4. He has found the spacleg tc be
localized in diastribution, limited in the number of dlspersal sitea, and

extremely vulnerable to mortality factors. dentifiad managemant needs
Anclude greataer protaction of reproducing femiIEE‘IﬁH‘EI_ﬁE%EIng slites.

During the progress of one study in South Carolina, captures of taerrapins
ceasad within ona dralnage, apparently due to loss of the resident population.
Membere of that population were not captured elsewhere, indicating they had
not simply moved from the area into another. A dietlnct lack of young turtles
wag apparent. Incidental take by crab-trappers was considered a poseible
cauge of the loss (Lovich and Gibbons, unpub. data).

On the Florida east coast, population estimates for two study areas in the
early 1980’'s wara 404.7 and 212.5 (denasities 178.3 and 131.1 per acre) (Seigel
1984). In 1992 and 1593, thasa two Florida study sltes were ra-sampled, with
timing, locations, and sampling proceduras ldentlcal to those used in the
@arlier study (Seigel 1993). Tha 1992 maearch revealed only one terrapin, and,
in 1993, 4-6 terraplnas. Local obaervers indicatad the last large terrapin
aggregation had occurred in 1986, with terrapins only being seen rarely saince
then., No obvious cause for the dacline was apparent. Primary habitat changes
Bince 1979 ware loags of mangrove vegetation along one d
eezed, And some erobion and BIItAtIon of a ¢anal, Population losees may
have been due to esa alterations, or to direct mortality from tha winter
freezen. Other posaibilities lncluded long-term raccoon predation, incidental

captura of terrapins in crab-traps, which ware common In two or thé area’s
lagoons, and the placement of dredge-sapoll onto terrapin foraging axeas

(Selgel 1993).
Although ralaﬁively gubBtantial work has been conducted on terrapln

pulations along the Atlantic Coast, very ljittle work has been dong in
castal areas of thae Gulf of Mexlco, An accurate detarmination of terrapln
etatus ntlal need for this region. Populations in Misplsmi{pol

& _ appear to ba low and may be experiaencing continued savere dec¥IWMEE (Tom Hann,
unpub, data),

. Terrapin numbers in Alabama may be declining, and populations are facing a
growing sBerles of praessuraes (Marion 1986). The major threat may be reduction
of coastal mareh habitat due to dredging and filling operationas aseociated
with residential and industrial devw Crab-tzappipg may ba another
major thraeat. Although extensive hunting of terrapine for food is now
reptricted, some take for food purposes (and poesibly the pet trade)
continuesa. More important, however, is the growing number of crab-traps
placed close to marsh areas which jncidentally capturae and dznun_ta::aplnp
Large females are now uncommon in many areas that otharwlse support sui
habitat. In order to prevent further decline of terrapin populations,

égzgiQBG) has identified tha need to better ascertain the status of the spe

ong the é&gbﬁg&_const,-pnrticulnrly axtant of mortality dua to crab-trap
ctivitien.

The protection of important marsh habltate is of extrema
importance.

1994 Diamondback Taerrapin Workshop:

On Auguet 2, 1994, 35 experts from 13 states gathered at tha Savannah River
Ecology Laboratory in South Carolina to dlscuass the ecology, status, and
consarvation of the diamondback terrapin., This Workshop, sponsored and hosted
by Richard A. Seigel (Southaeastaxn Louisiana University) and J. Whitfleld
Glbbona (Savannah River Ecology Laboratory), was prompted by reportas of
potentlal declines of terrapin populations in sevaral locatlonsg in lts range.
In addition to sharing data on terrapln ecology and status, the Workshop was
deaigned to produce specific recommendations for actlon by local, etate, and
fadera)l management agencles.



Based on the Workshop proceedings and on the results of a questionnaire
distributed at the Workshop, Beigel and Gibbons have summarizad the major
findings and recommendations of the Workshop as followst

1)

2)

3)

4)

There is evidence for stable or increaasing populations in five states,
declining populationa in seven states, and insufficient data for

remaining areas (see below). Broad-scale data, however, are lacking for
most atates within the range of the epecles.

Stablae: Massachusetts (mlowly lncreasing)
Rhode Imland
New York
Florida (Xeys)

Declining/Stables Maryland

Declining: New Jarsey (declining rapidly)

North Carolina

South Carolina

Florida (Atlantic Coast)
Missisaippi

Louisiana

Unknown: X Delaware
Virginia
Georgla (anecdotal avidenca of dacline)
Alabama
Texan

There is insufficlent evidence at this time to warrant listing the
gpecies under tha auapices of the Endangerad Spacies Act. However, thare
18 gufficient evidence to consider designating all subspecies Category 2

candidates for listing (the northern, Miessissippl, and Texas subapecies
are currantly Category 2 candidates).

Most participanta believed that terrapine maerited protaction by Stata
legiglation where such protection was not already provided.

There is an urgent need for better survey data throughout the range.
Surveyse should use multiple meathode to insure reasonabls sampling
representation of sexes, size clasaef, atc. The exact methods used may
need to vary from reglon to region. Surveys should be rapeated at
appropriata intaervals (i.e. a singla year is not considered sufficient).

Workshop discussions on threats to the species were summarized as follows:

1)

2)

3)

One of the major threats to populations of terrapins appears to be
incidental drownin crab trapda. , Immediate efforts should be made to
raduca incidental ktlling in cr traps by the uge of newly-develaped
excluder devices. In addition, efforts should be made to determine the
axtant of mortality in crab traps by determining the number of
oparational traps in optimal habitats of terrapina, and axtrapclating
from known mortallity ratea. Better data are also needaed on mortality
rates from other portione of the terrapin’s range.

Habitat loas continues to be a major concern. Examplas include drainage
and impoundment of saltmarshes, human disturbance of nesting siteas, and
altered flow of freshwater into estuarine systems. GIS tachnology should
be used to determine tha loss of nesting and feeding habitat.

Other potential threats include (but are not limited to) commercial

harvesting for the meat and pet trade, incldental kills by motorboats,
road mortality, and predation on adults and aggs by raccoonsa and othar
predatora. Thase threats require additional study.
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Research Needs:

All participants of the August terrapin Workshop identifjied a critlcal need to
resolva data gaps. Although some ampacts of terrapin ecology are well-known
in at least some parts of its range, many areas remain poorly studied.
Workshop discusgions regulted in a list of critical redearch needs. These
areas warrant special consideration for funding by state and federal agencles:

demography

behavioral ecology

habitat requirements (nesting, foraging, wintering)
juvenile ecology

genetic and taxonomic analysis of subspecies

movement ecology and home range 8ize (using telemetry, sonic tags)
mortality factors

SUMMARY:

/) The 1ife history and demographic structure of terrapins make them a specles
that is extremely vulnerable to changes in its habitat and mortality
pressured. Their prolonged generation time rendars them unable to adapt to
rapldly changing environmental pressures while enduring loases of raproductive
individuals. Légrrapln demography of the tarrapin may normally involve low

{vorship d recrultm Therefora, the best
agguranca for

e puccens of this gpacies may lie in protection of the |

rggrodggglvelz mature segment of the population, as well as insuring that
su

cient numberes of young Burviva to sustain a healthy population.

Workehop participants concluded that diamondback terrapins do not appear to be
in immediate jeopardy of extinction, although there ia sufficient aevidence
indicating that populations in some areas are declining as a result of factore
described above. Rather than initiate an Endangered Species lipting at this
time, the Workshop attendees concluded that, if taken now, proactive etaps
would help to improve .conditions for the apecies and avoid the restrictions
imposed by such a listing. However, these proactive steps require sufficient
funding by state and federal agencies to allow detailed surveys and research,
.as well as cooperation from research biologiste. Pailure to conduct the
needad studies will likely result in continued population declinee and,
aventually, a need for Federal protection and restriction. <Thus, action must

be taken now, before the speciesa declinaes to the point where only dramatic
intervention will be possible.
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APPENDIX B.
CAPTURE METHODS

The following capture methods have been used in various terrapin studias:

MASSACHUSETTS: Auger (1985) conducted work on tha northern-most known
terrapin population, located at Wellfleet Harbor in Cape Cod, Massachusettsa,
which has a tidal amplitude of to 10 fest. Several capture techniques were
utilized, including modified trawles, dip-nets, and capture by hand.

This last technique was the most affactive and produced a 1:1 male:female
cnpture ratio.

NEW YORK: Each selactaed study site was sampled for 36-72 houra before moving
on to the next. Capture tachniques ware of many diffarent types, including a
gseries of trawls pulled from the back of a amall boat, trammel nets, seining,
and bajited traps. Hand-capture by snorkelers was found to ba the most
auccegaful technique, accounting for over 57 percent of all captures.
Terraping do not seem to be as daterred by a amall profile above the water
{such as a enorkeler’s head) as thay are by a boat. Leas succesaful
taechniques included seining, hand-capture of terrapins by scuba-divers, and

trammel nete. Balted traps and trawls were the laeast effective (Steve
Morreale, unpub. data).

NEW JERSEY: Yearicks et al. (1981) used otter trawls and baited traps to
capture terrapinea in the creeks, sounds, -and main channelg. They found
hibaernating terrapine by probing the soft banke and creek bottome with rods or
polas, and excavating all hard objects. A total of 311 hibernating terrapines
ware located, ranging 9.7-18.6 cm in carapace length. Adults of both sexes
were discovered, but no juveniles, but the method ugad may not have baan able
to detect very small terrapins.

DELAWARE: Studies done on turtle speciee have indicated that any single
Bampling method may bias estimates of population size and pex ratlo. Rurd et
al. (1879) chose the trawl method because it allowed capture of relatively
large numbers of individuals in a Bingle day, which wag necessary to
population size estimates based on the Lincoln Index. Seining, baited traps,
and fyke nete yielded low sample sizes in the marsh system, and were not -
considerad reliabla techniques due to current velocities and hydrography of
the marsh. Furthar, none of thase alternative tachniques captured larger or
smaller individuals than those obtained in trawl samples. Sampling further
upstream was prohibited by abrupt narrowing and meandering of the creek
channel. Attempts at sampling during high tidea yielded poor capture rasults.

Terrapins were taken at low slack water along the lower creek of a aalt marsh
by trawling repeatedly (usually four times) untill increasing flood currents
became prohibitive. A 6-m otter trawl, 3m x 1lm at the mouth, with 5.0 cm mesh
at the collecting bag, waas used. Trawl spesed was approximately 2.4 kph, but
waa adjusted to keep the trawl on or near tha bottom at all times. Captured
terrapins were marked with numbered plastic pennant tags by drilling a hola
through a postcentral marginal scute at the rear of the carapace and fixing
the tag with braes wirea., Terrapine were sexed and the mid-carapace length
measured bafore release back into the creek.



MARYLAND: Roosenburg (1993} recommends the following trapping techniquess:
fyke nets, crab-pots, paeaeler bank trapa, and capture of faemales by hand that
are coming ashore to nest, Traps wera checked dally May 1l-June 24. Gill
naets were aleso used. JIdentification of terrapins was dona by counting annuli
on the plastron, possibly & better method than use of tha carapace.

SOUTE CAROCLIMA: Lovich and Gibbons (1990) used a varisty of techniques (dip-
netting, hand capture, sasining, trammel nets, and trawling} to captura a total

of 414 turtles (265 males and 149 females) on Kiawah Island, South Carolina.
All captures were male-biased.

GEORGIAs: Captures of terrapins ware most successful with placement of stop

- nets across the deeper parts of tidal creeks 150-600 feet (45-180 m) wide over
shell bottoms and naear oyater banks (Carr 1952).

FLORIDA: Saigel (1984) studied terrapins at Marritt Island NWR, Florida. At
one lagoon, terrapins were collected by deploying small mesh (maximum diameter
6 cm) gill nets along a narrow canal. Two nete were Bet perpendicular to the
shoreline to block off a 100 m section of the canal. Turtlea moving up and
down the canal became entangled and were removed within two houre of captura.
Taerraping at a second lagoon ware collacted puraly by hand aa they basked on a
gspoll island or swam in the surrounding waters.

MISSISSIPPI1 Tom Mann‘s capture method for one season has involved modified
crab-traps that are placed in the water for 48 continuoua houra, but are

checked and rebalted avery 6-8 hours. He will be modifying his crab-traps
further, based on results gathared to date.
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APPENDIX D. .
TERRAPIN PROTECTION DEVICES

Crab-trapping has baen shown, or {8 suepected, to be responaible for major losaee
of terrapins each year in many locations. The targeted segment is generally males
and immature females; mature females are usually too large to easily entaer a
standard crab-trap. In an effort to reduce the impact of this activity, various
devices designed to either exclude terrapins from crab traps, or enable them to
avold drowning, have been proposed to date.

TERRAPIN EXCLUDER DEVICES:

Roger Wood, of Stockton State College, New Jersey, has studied terrapins at Cape
May. and beliaves that crab~traps represent a major problem for terrapin
populations in that area. This is despite~the fact that terrapins are protectad
from take April 1 through October, and that crab-trappers are required to check

their traps daily. In an effort to reduce such losses, he has davelopad a simple
excluder device. :

Four small rectangles are fashioned from a coat-hanger, and one is placed in each

of the four entrance funnels of a crab-trap, making the entrance tooc small to .+a
allow moBt terrapins to enter the trap. Studies have indicated that the davice égsg
may have reduced the number of trapped terrapins by as much as 55 percent. 4
Equally important, however, at least to crab-trappers, is the finding that the

device doas not result in a reduction of crab- h but, rather, a significant
ncreasa in a8 t, with little reduction in their ovarall

“Biza.

Willem Roosenburg, of Hood Collage, Maryland, has conducted extenaive work on
- terrapine in Chesapasake Bay. He has found that crab-traps can ba a significant
' cause of terrapin mortality (posslbly as much as 20 percent of the population
annually), and has fashioned an excluder device that appears to rasult {n reduced
losses. He has found that P¥C pipring, 3-1/2 inches long, placed on the sides of

e@ach of a crab-~trap’s “churches”, can be highly effective in preventing entrance
by most terrapins.

TERRAPIN-SAFE CRAB-TRAPS:

Willem Roosenburq, working in Chesapeake
Bay, has developed a modified crab-trap that
increases the height of the trap, allowing
terraping to retain access to air and avoid
drowning. To be effective, howaver, the
trap must be tall enough to exceed the
highest tide water level. This may limit
thelr successful use to relatively shallow
areas, rendering them ineffective in very
deep waters.

The modified daesign has been analyzed in
ragard to the effect on crab-catch, and has
been found to be more effective in trapping
craba, resulting in a slight increase in
total captures. The cost of the modified
trap design is nominal and, hopefully, will
not inflict an economic hardship on crab-
trappera; total cost of the modiflad trap is
.-j genarally about $30.

——




in Jackson, g%QS%%%%EE%LEhQB been st
terrapins aloig state’s co
has noted a gsevare decli
numbers from
modified a convantional crab-trap for
capture of terraping, which allows them
./ Acceps_to air until they can be checked and
~“released. has found that Missisaippi
terraping, captured in a conventional ecrab-
trap, can drown in as little as three hours,
‘a much shorter period of time than that
considered safe in more northern climates.
The current trap design may ba modified
8till further by Mann, basad on information
acquired during his studies..

IMPLEMENTATION: : f

All workers recommend the introduction and implementation of trap modifications
and terrapin excluders, by both commercial and recreatlonal crab-trappers, as soon
ag posgible in order to reduce current mortality rates to terrapins due to crab-
trapping activities. However, it 18 also recommendad that these protectlve
measures ba incorporatad by crab fishermen on a yoluntary basis rathaer than as a (E%%}%
new requirament forced upon the fishery. Information regarding the nead for ‘o
change might be initially introduced through sportsmen’s conservation A
_organizatliona, with a request that they further disseminate the information to

/' crab fishermen. Programs to underwrite the cost of the recommended changes might
aleo be explored ln order to avoid economic hardship of crabbers. Howaver,
taerrapin populations are declining in at least mevan states, and their status in
five more are unknown. Crab-trapping is considered to be one of the major
mortality factors. It should be noted that, 1f voluntary efforts and current
requlations are not found to be sufficlantly protacting terrapin populations, more

\ restrictive measures may avantually require implementation.

\
[}
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APPENDIX E.
SUMMARY OF TERRAPIN WORKSHOP

WORKSHOP ON THE ECOLOGY, STATUS, AND MANAGEMENT

OF THE DIAMONDBACK TERRAPIN

ORGANIZED BY RICHARD A. SEIGEL AND J. WHITFIELD GIBBONS
SAVANNAH RIVER ECOLOGY LABORATORY

2 AUGUST 1994

FINAL RESULTS AND RECOMMENDATIONS



introduction

On 2 August, 1994, 35 experts from 13 states gathered at the Savannah River
Ecology Laboratory in South Carolina to discuss the ecology, status, and conservation of
the diamondback terrapin (Malaclemys terrapin). The Workshop was prompted by reports
of potential declines of terrapin populations in several locations in its range. In addition to
sharing data on terrapin ecology and status, the Workshop was designed to produce
specific recommendations for action by local, state, and federal management agencies.
Below, we have summarizéd some of the major findings and recommendations of the
Workshop. Please bring these to the attention of the appropriate individuals in your area
who have responsibility for managing this unique resource. Additional questions
concerning the Workshop miay be addressed to-either Richard A. Seigel or J. Whitfield
Gibbons (addresses listed below). A list of all attendees is also aftached.

Research

1) Although some aspects of terrapin ecology are well-known in at least some parts of the
range, many areas remain poorly studied. What follows is an unranked list of some areas
the Workshop considered critical at this time. These areas warrant special consideration
for funding by state and federal agencies:

-Demography -Genetic studies (e.g. DNA fingerprinting)
-Habitat use -Movement patterns and home range size
-Ecology of juveniles -Long-term life history studies &9

~Taxonomic studies on subspecies  -Behavioral ecology &)

Status

1) Based on information developed at the Workshop, there is evidence for declines of
populations of diamondback terrapins in seven states, evidence for stability or increases
in populations in five states, and insufficient data are available for seven states. However,
broad-scale data are lacking for most states within the range of the species.

2) There is insufficient evidence at this time to warrant Jisting the species under the
Endangered Species Act. However, there is sufficient evidence to consider placing all

subspecies as Category 2 candidates for listing (two subspecies are already listed as
Category 2 candidates).

3) Based on results of a questionnaire distributed at the Workshop, most participants felt
that terraping merited Protected Status in most states where such protection was not
already provided. The results of the questionnaire are attached.

4) There is an urgent need for better survey data throughout the range. Surveys should use
multiple methods to insure reasonable sampling representation of sexes, size classes, etc.



P

The exact methods used Will vary from region to region. Surveys should be repeated at
appropriate intervals (i.¢., a single year is not considered sufficient).

‘ 7 Threats

1) One of the major threats to populations of terrapins appears to be incidental drowning
in crab traps. Immediate efforts should be made to reduce incidental killing in crab traps
by the use of newly-developed excluder devices. In addition, efforts should be made to
determine the extent of mortality in crab traps by determining the number of operational
traps in optimal habitats of tcrrapms, ‘and extrapolating from known mortality rates.
Bcttcr data are also needed ofi mortality rates from-other portions of the range

2) Habltat loss continues to be a major concern. Examplcs mclude_: drainage and
impoundment of salt marshes, human disturbance of nesting sites, and increased flow of

fresh water into estuarine systems. Loss of habitat for both nesting and feeding areas
should be esnmated via GIS methods.

3) Other potential threats inctude (but are not limited to) commercial harvcstmg for the
meat and pet trade, incidental kills by motor boats, road mortality, and predation on
adults and eggs by raccoons and other predators. These threats require additional study.

SUMMARY

Although diamondback terrapins do not appear to be in immediate jeopardy of
extinction, there is sufficient evidence that populations in some areas are declining as a
result of the factors described above. Rather than call for an Endangered Species Listing
at this time, the Workshop felt that proactive steps would help to both improve conditions
for the species and avoid the restrictions imposed by such a listing. However, these
proactive steps require sufficient funding by state and federal agencies for detailed
surveys and research, as well as cooperation from research biologists. Failure to conduct
the needed studies would likely result in continued population declines and eventual

federal status. Thus, action needs to be taken before the species declines to the point
where only dramatic interventions will help.

Richard A, Seigel J. Whitfield Gibbons

Dept. of Biological Sciences Savanngh River Ecology Laboratory
Southeastern Louisiana University Drawer E

SLU 814 - Aiken, SC 29802

Hammond, LA 70402 803-725-2472

504-549-5556
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