
Chapter 4

The Lost Years

O    ,  Matt Draud and his students from
C. W. Post College, a branch of Long Island University, are
parting the grass and shrubbery and scouring the marsh at a

town beach in Oyster Bay, New York. They are in pursuit of diamondback
terrapin hatchlings. Each orange flag designates the location where a small
turtle has been found. The area looks like an obstacle course for tiny creatures;
it is studded with dozens of orange flags. The location of all this activity is a
patch of vegetation about a meter wide that consists mostly of Spartina patens.
This is one of the prime hiding and foraging habitats for terrapin hatchlings
in Oyster Bay.

Draud is one of several scientists trying to solve the mystery of the “lost
years”—where and how diamondback terrapins spend their first years.
Although newly hatched terrapins are relatively easy to find if we already
know the nesting areas within a colony and locations of individual nests, it is
much more challenging to find young and juvenile terrapins. In contrast to
the wealth of information on nesting activity of females, the period between
hatching and maturity is the black hole in terrapin life history.

If we base our assumptions about brackish water terrapins on observations
of marine turtles, we would expect hatchling diamondback terrapins to make
a beeline for the water to get out of harm’s way. As miniature sea turtles
emerge from their underground nest chambers, predators lurk in anticipation.
Birds circle overhead and are ready to clutch baby sea turtles the moment they
emerge from the nest and scramble toward the water. Predators are not lim-
ited to the skies. Baby sea turtles make tasty morsels for a variety of marine
life. Once sea turtle hatchlings safely complete their scramble to the ocean,
the further travels of hatchlings are not well understood. Although there has
been some progress in tracking their migrations and foraging patterns, for the
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most part they disappear for a few years and are seen again when they are
much larger. The term “lost years” was first coined to reflect our lack of
knowledge about this period in marine turtle life history.

Parallel to development of marine turtles, the diamondback terrapin also
has some “lost years.” It is this gap that Draud and others hope to fill as they
rake through the vegetation in diamondback terrapin nesting areas, looking
for signs of tiny terrapins.

Emergence
Nature equips turtle hatchlings with a tool that is also found in newly hatch-
ing birds, the egg tooth (plate ). This structure is not actually a tooth,
although it looks like one. The egg tooth is a tiny protuberance at the tip of
the nose that functions like a box cutter. When a terrapin is about to hatch, it
uses its egg tooth to slice an opening in the eggshell. This produces an exit
point from which a tiny limb may emerge to lengthen the opening and even-
tually free the hatchling from its shelled home (plate ). The process of
breaking an exit hole in the eggshell is known as pipping. Once a hatchling
has pipped, it may remain in the nest, and even within the remnants of the

   



Fig. 4.1. Emergence hole provides escape from nest.
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shell, for a considerable period of time, sometimes as long as the following
spring. During the time the hatchling remains in the nest, the yolk sac, con-
taining important nutrients, is resorbed and used for energy. No longer
needed once an exit hole in the eggshell is produced, the egg tooth is also
resorbed.

Hatchling diamondback terrapins from a single clutch may not all emerge
in a synchronous manner. They sometimes stagger out, a few at a time, over a
period of a few days to almost two weeks. Some hatchlings will not emerge
in this time frame. In some instances, a fraction of the hatchlings will emerge
while other nestmates will opt to get through their first winter hunkered
down in the nest.

The journey from the nest initially involves an excavation project. The
sandy or gravel soil over the nest usually becomes compacted during the sum-
mer months and may be held together with plant roots. Some hatchlings may
break out on their own, but the concerted efforts of the hatchlings help to
loosen the nest cover so that emergence is facilitated. If we brush sand from
the top of the nest to assess hatching progress, the nest that is ready to erupt
with hatchlings will be bubbling with underground movement. As the first
few hatchlings emerge from the confines of the nest they produce one or more
emergence holes, small tunnels having the diameter of a quarter, about the
width of a hatchling carapace (fig. .). These emergence holes can sometimes
be mistaken for the entrance to a crab burrow although crab holes are typically
found in wetter areas of the marsh. When hatchlings first push their heads
out of the sand, their eyes are closed. They have sometimes been observed in
this position for two to four hours during which their eyes open and their
heads move in the direction of the sun (plate ). This emergence behavior
may be responsible for setting an internal biological clock and may function
as part of a solar orientation mechanism (Auger and Giovannone, ).

The sight or scent of emerging hatchlings will attract predators. Many
terrapin colonies experience a second wave of nest depredation in the late
summer and fall, when hatchlings begin to scramble from their nests. Among
the predators of emerging hatchlings are raccoons, birds, rats, and ghost crabs.
Raccoons and birds will make off with whole hatchlings, while rats and ghost
crabs nibble away on soft parts and leave the shell and uneaten parts in the
marsh. Although rats have not been observed to depredate eggs or hatchlings
within a nest, they will attack hatchlings once they have emerged and kill
them by evisceration through the carapace or plastron. Over a three-year
period, Matt Draud and his students observed nocturnal predation by Nor-
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way rats during hatchling emergence in August and September. The rats
know to come back for more. They return in April to prey upon yearling ter-
rapins as they emerge from hibernation (Draud and Bossert, ; Draud,
Bossert, and Zimnovoda, ).

The hatchlings that remain in the nest the longest may be most vulnera-
ble. Burger () reported a study in which hatching occurred over a one to
four day period, with individual hatchlings emerging from the nest as many
as eleven days apart. All hatchlings emerged during the warmest period of the
day, most commonly between  and  h. She observed that earlier
emergence reduced an individual turtle’s chance of being found by a predator.
Some hatchlings will linger. They opt to remain in the nest over the entire fall
and winter and make their break for the outside world the following spring,
perhaps when environmental conditions become more favorable.

The pattern of prolonged hatchling emergence may affect the sex ratio of
hatchlings that eventually disperse into the marsh. If females are produced in
the upper area of the nest, where temperatures are usually higher during the
incubation period, and if they are the first to emerge, they may have the great-
est chance of short-term survival. Males, found in deeper regions of the nest,
may be at the mercy of predators that have cued in to the nest location by the
activity or scent of hatchlings that are first to emerge.

The Hatchling’s Journey
In some field studies, it has been estimated that only one out of five hatch-
lings may complete the journey from the nest to a safe location within the
marsh (Auger and Giovannone, ). Many will succumb to predation, over-
heating, or desiccation. In some nesting areas, the nearest body of water is
within  meters ( yards) of the nest. On Cape Cod, a tiny hatchling may be
required to travel a kilometer (. mile) or more to reach the nearest body of
water or the marsh (plate ). How does the emerging hatchling survive the
gauntlet of awaiting predators? If the hatchling is making its way to the water,
what mechanisms guide it? How does the hatchling navigate from the
uplands to a marsh that may not be visible because of dense vegetation, sand
dunes, roadways, or other obstructions? Does the hatchling have an internal
orientation program. and if so, what are the cues that it uses? These are ques-
tions that have not been successfully answered in terrapin studies, although
some progress has been made to address these aspects of emergence in sea tur-
tles. Many sea turtle hatchlings emerge at night to avoid avian predators, and
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they use moonlight and the horizon as cues to guide them to the water. House
and street lights near sea turtle nesting beaches have been known to distract
hatchling sea turtles and send them in the wrong direction. In contrast, ter-
rapins emerge during daylight hours and must use different cues to guide
them out of the nest and into safe locations.

Several studies have addressed the behavior and travels of hatchling terra-
pins after they have left the nest. In the mid s, field and laboratory stud-
ies were conducted to examine hatchling behavior and orientation. It was
observed that if the slope of the nesting area was flat, hatchlings moved in all
directions with respect to the nest chamber. However, there was a different
emergence pattern for nests located on angled slopes. In the latter case, hatch-
lings tended to travel downhill, an orientation known as geotropism
(although a few trudged up sloping dunes). These experiments in the field
were also conducted under laboratory conditions on an artificial apparatus
covered with sandpaper. It was found that the hatchlings used for laboratory
testing displayed the same behaviors observed in the field. Hatchlings tended
to walk down an incline (rather than up or to the side), although they hesi-
tated for a longer period of time before moving on the artificial apparatus
compared to field-based trials (Burger, ).

When we discover emerging hatchlings in the field, we often weigh and
measure them as part of a population study. After they are handled and set
back down to continue their journey, we often observe them for various peri-
ods of time until they have found cover. I have frequently noted that no mat-
ter what the slope may be, our released hatchlings scramble for the nearest
hiding place, usually under Spartina, bayberry, or other low-growing plants.
This often means an uphill trek. We may question whether the orientation
toward vegetation and subsequent hiding is a response to being handled or if
there is a strong adaptive component to this behavior. In a field orientation
study conducted in the mid s, vegetation was also a significant factor in
determining the direction in which hatchlings traveled. After testing forty
hatchlings in the field, Burger () concluded that hatchlings gravitated
toward the closest vegetation, no matter the type. These findings support
other field observations in which hatchling tracks may radiate from the nest
in a number of directions but disappear into the closest vegetation. Consid-
ering the fact that the hatchling’s shell is still soft and that movement from
the nest occurs during daylight hours, the fastest route to cover will be the
safest one for the tiny hatchling.

Some seem to wander in looping patterns and are easily detoured by vari-



  

Brennessel_4  1/9/06  10:32 AM  Page 115



ations in beach contour presented by dunes, tire tracks, and even footprints.
These detours and looping patterns may not be as random as they seem.
Hatchlings may be responding to geotactic, olfactory, and other orientation
signals that are poorly understood. Hatchlings may be attracted to the sand
roadways because of the deposition of tidal wrack in this part of the marsh
(Auger and Giovannone, ). The tendency to crawl within a tire track can
be very unfortunate for some hatchlings. On Sandy Neck in Massachusetts,
they have been found run over and killed in wheel ruts. A hatchling that was
temporarily nicknamed “Lucky” was once found in a tire track within the
Cape Cod National Seashore where it had been accidentally run over by a
park ranger’s truck. As its name implies, the hatchling survived the encounter
with the vehicle, but not all hatchlings are this “lucky.”

As hatchlings break out of their shells they are found in all orientations
within the nest, including upside-down and sideways. As they make their way
out, scrambling over their nestmates, they must be able to right themselves.
Hatchlings sometimes flip upside-down as they climb dunes or tumble down
slopes. Burger () compared hatchlings that were more developed and at
the verge of emergence to newly pipped ones. She found that the more devel-
oped hatchlings had an increased ability to right themselves. This ability neg-
atively correlated with size of the yolk sac. The more developed the hatchling,
the better it was able to flip itself over using its neck and limbs.

While it may be clear that newly emerging hatchlings employ a strategy
of “prompt concealment,” Coker () marveled at the ability of the young
terrapins to go into hiding. In two years of field observations, only fifteen ter-
rapins with two growth rings (presumably two-year-olds) were found, while
“not a single terrapin under two years of age rewarded the many careful
searches of an experienced terrapin hunter, though the young must be more
abundant than the older forms” (Coker, ). Coker also noted that on the
few occasions on which young terrapins were found, they were within a small
area of the marsh.

Additional studies suggest that hatchlings and juveniles may continue to
seek cover in the marsh for up to three years (Coker, ). Pitler ()
described a hiding behavior displayed by twelve terrapins in a New Jersey
population. Over a three-year period, he actively looked for hatchling and
juvenile terrapins with a carapace length of . to . centimeters ( to  inches)
in a tidal mud flat. The small terrapins were always discovered at low tide on
well-drained substrate about  meters from the water. Hatchlings and juve-
niles were found primarily under matted Spartina and other low growing veg-
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etation and also under rocks, debris such as wooden boards, and tidal wrack.
Such hiding behavior protects these turtles from predator attack and offers
shade for thermoregulation.

Lovich et al. () studied the ecology and demography of diamondback
terrapins in a South Carolina marsh. In order to study hatchling behavior,
they first incubated terrapin eggs in the laboratory, then returned the result-
ing nine hatchlings (mean carapace length of . centimeters [. inches]) to
an area near their nest site and observed each hatchling for thirty minutes. All
hatchlings avoided water. They all swam to land, even though observers were
standing on shore, well within sight. Each hatchling burrowed under the
wrack near the high tide line. This location may be ideal for hatchlings
because it provides protective cover for these tiny turtles. In addition, the
wrack provides shade and food. There is an abundance of small crabs, insects,
and amphipods that share the wrack with hatchlings. Periodic tidal flooding
also ensures moisture.

From the study just described, it was hypothesized that hatchling terra-
pins may routinely use microhabitat beneath tidal wrack. This led Lovich et
al. () to attempt to find them there. Despite intensive searches within the
predicted microhabitat, the investigators found themselves looking for hatch-
lings in a salt-marsh haystack without success. A similar scenario occurred
during a study of diamondback terrapins in a Delaware salt marsh. Despite a
search, small terrapins were not found anywhere (Hurd et al., ). The
investigators speculated that the missing age classes may be the result of cat-
astrophic mortality.

On Cape Cod, we have also come up empty-handed when we sift through
tidal wrack and search Spartina marsh for hatchlings. This does not mean
they are not present. From various studies we now realize that inability to find
young terrapins in the marsh may be due to their cryptic behavior. If we use
special techniques for tracking hatchlings and juveniles, it is possible to recap-
ture at least some of them. The inability to find representatives of the younger
age classes is sometimes a matter of having too much area to cover. We occa-
sionally come across a hatchling or yearling in the marsh when we are not
purposefully seeking them.

Matt Draud has been more successful. When he and his students scour
the marsh, meter by meter, they have found hatchlings and juveniles. One of
the reasons that Draud has been more successful than others is that the swath
of marsh bordering the Oyster Bay nesting area is very narrow, only a meter
wide in some places. In contrast, the Wellfleet, Cape Cod, salt marshes extend
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over many acres, with expanses of Spartina patens so thick that it is almost
impossible to part the strands and reach bare substrate. Another reason that
hatchlings and juveniles are difficult to find, even when a systematic effort is
made to search the marsh, is that they frequently burrow under the mud,
sometimes for long periods of time.

Draud traced the journey of Oyster Bay hatchlings and found that they
move very little, perhaps  to  meters ( to  yards), between recaptures.
Hatchlings remain in the drier Spartina patens during the fall in which they
emerge. As the weather changes and temperatures drop, the hatchlings move
into a terrestrial habitat, slightly upland from the marsh. They hibernate in
the dry uplands. Draud found that during the following spring they become
more adventurous when they emerge from their first hibernation, displaying
more movement than they did during their hatchling season. They move far-
ther and farther as their first year progresses. Their movements follow a
sequence from hibernaculum to wrack line to Spartina patens to Spartina
alterniflora. During this period of movement, they are consuming insects, spi-



   

Fig. 4.2. A radio has been attached to a headstarted terrapin so that its movements
can be followed after its release.
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ders, amphipods, and crabs. Draud found that the larger the yearling, the
larger are the crab claws found in fecal samples. Movement is inhibited on
windy days. Draud also found that the largest size disparity of yearlings
occurred in late summer (Draud, and Bossert, ). Apparently, the young
terrapins are not all growing at the same rate.

Wheaton College has partnered with investigators at Massachusetts
Audubon’s Wellfleet Bay Wildlife Sanctuary to study the movement and
behavior of juvenile terrapins. We have used eight- to nine-month-old terra-
pins that have been headstarted in the laboratory. By feeding them all winter
and keeping them active to prevent the first year of hibernation, the hatch-
lings achieve the size of two- to three-year-old turtles. They are comparable
to juvenile terrapins; the males clearly display their secondary sex character-
istics and some of the larger ones are approaching sexual maturity. After we
attach small radio transmitters to their carapaces (fig. .), they are released
into their natal marsh at their original nest site. Most of these terrapins have
a delayed response and will remain completely immobilized for several min-
utes. Like newly hatched terrapins, the first movements take them to the
nearest vegetation, where they quickly tunnel under the grass or shrubs and
remain in place for extended periods (plate ). Many will burrow under the
mud or substrate before moving more than a meter or two ( to  feet) (fig.



  

Fig. 4.3. Released headstarted terrapins often burrow under the mud.
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.). In more than forty headstart releases, we have observed one notable
exception to the “stay put and hide” strategy. This little wanderer was a 
gram (. pound) male who traveled close to  meters ( yards) upland
and settled down in a wooded area of mostly pine trees on private property
abutting the marsh. He remained burrowed in the same location for almost a
month, under a thick layer of pine needle litter, chock full of worms, land
snails, and insects. He acted more like a box turtle than a diamondback terra-
pin. He did not lose weight and appeared healthy throughout his stay in the
pine uplands. Following a period of heavy rain, we lost his signal and did not
see him again.

Our eight- to nine-month-old, lab-reared terrapins, equivalent in size to
juveniles in the wild, remained at the site of their release for days, weeks, and
sometimes months. By tracking fifteen of these terrapins with radio transmit-
ters, we have been able to follow their activities in the marsh. Two young
female terrapins remained in their natal marsh for the entire summer. The
males were more adventurous; after remaining buried for several days to sev-
eral weeks, they gradually ventured out into the larger creeks. When they
reached the creeks, we could no longer detect their radio signals. Occasion-
ally, one of them would reappear within the wetter areas of the marsh. With
respect to overall movement, the general progression involved a period of time
under Spartina patens, followed by periods buried in the mud in the Spartina
alterniflora regions of the marsh. Our released terrapins each covered . to .
hectares (approximately  to  acres) during July and August with a bit of
overlap in the area of the marsh that they utilized. The longest observed trek
for one of these juvenile-sized terrapins was  meters ( yards) between
recaptures. The greatest movements were observed during spring tides, when
the entire marsh was inundated (Brennessel et al., ).

In areas with less developed Spartina salt marshes, such as the Patuxent
River of Chesapeake Bay, hatchlings are rarely seen on land and juvenile tur-
tles are usually not found in the marsh. To determine which part of the habi-
tat might be utilized, Roosenburg et al. () captured five juvenile males
and seven juvenile females, as well as adult males and females. The terrapins
were each fitted with a bobber on  meters (. yards) of fishing line and
tracked for three hours in midsummer from the site of release. The investi-
gators discovered that juveniles of both sexes were found in the shallow,
inshore water, while adult females used open water in the river and mouths
of the creeks. Interestingly, adult males were found in the same shallow
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inshore waters as the juveniles of both sexes. The age and size of females cor-
related positively with distance from shore. It thus appears that a habitat
shift from shallow to deeper water may relate more to terrapin size than to
age or sex.

A similar trend is seen in other turtle species. In a study of habitat utiliza-
tion by painted turtles (Chrysemys picta) and snapping turtles (Chelydra ser-
pentina) in a Michigan marsh, Congdon et al. () discovered a correlation
between the size of the turtle and water depth. The correlation held for juve-
nile as well as sexually mature turtles. Young and small juveniles were found
in shallow areas of the marsh, usually close to shore. Larger mature turtles
tended to utilize shallow water in early spring but moved into deeper waters
as the temperature increased. It was speculated that younger turtles prefer to
remain in shallower habitats due to distribution of food resources, less devel-
oped swimming abilities, and predator avoidance. Deeper channels and tidal
creeks have stronger currents than near-shore waters and would be more dif-
ficult for young terrapins to navigate on their own terms. Shallow water is also
warmer, and a preference for warmer water could contribute to faster growth
during this period when turtles are so vulnerable to predators. These reasons
may very well explain the observations of shallow aquatic habitat utilization
by young diamondback terrapins.

It thus appears that the movements of hatchlings and juvenile diamond-
back terrapins are initially confined to the well-drained marsh adjacent to
their natal nesting areas. They seek cover under vegetation, wrack, debris,
and/or mud. As they become more mature, they venture into wetter sections
of the marsh, but still burrow under mud for long periods. The most mature
of the juvenile group use marsh creeks and near-shore shallows but may
return inland periodically.

Food Preferences
Observations of diamondback terrapins in the early s led herpetologists
to believe that hatchlings in the wild do not eat until the spring after their
emergence. This appears to be the case, especially in northern geographical
areas where hatchlings found in spring are the same average sizes as those dis-
covered the previous fall (Coker, ). Some of these hatchling may have
overwintered in their nests.

In a healthy marsh, there is an abundance of food. What do hatchlings
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and juveniles eat? A laboratory study of the feeding habits of  immature
diamondback terrapins may shed some insight into the food preferences of
young terrapins. A cafeteria-style experiment was set up in which the terra-
pins, weighing between . and . grams (. to . ounces), were offered
crabs, oysters, clams, marsh snails, mussels, fresh fish, canned fish such as tuna
and salmon, and meat such as raw steak and ground beef. Initially all food
items were accepted, but after three weeks the canned fish was ignored. Liver
was not a preferred food but it was tried occasionally. Shellfish and snails were
the most preferred items, followed by fresh fish, crabs, and beef. Some of the
hatchlings, . percent, refused to eat (Allen and Littleford, ). An inter-
esting outcome of this laboratory study was the finding that young terrapins
can become very selective in their food choices after a few weeks. Once pref-
erences were established, it proved very difficult to produce a change in feed-
ing patterns.

In our pilot headstarting program at Wheaton College, we observe an ini-
tial lag period after the yolk sac is resorbed in which hatchlings will not eat,
no matter what types of food we offer. However, within a few weeks, most
hatchlings will be feeding on commercial hatchling food, supplemented with
brine shrimp, fish, scallops, clams, or mussels. In a group of thirty to forty
hatchlings, there are always one or two that will not feed during the first few
weeks to several months, or feed so little that they don’t gain weight. Usually
the hatchlings that are slower to feed begin to actively feed and grow much
later, sometimes after their tankmates have tripled or quadrupled in size.
These smaller hatchlings will experience the same type of growth spurt as
their tankmates when they actively feed, but do not reach the same size by the
time they are ready for release in spring.

In the field, we can collect fecal samples from hatchlings and juveniles to
examine their dietary preferences. Our tracking studies of released headstarted
terrapins in Wellfleet (Brennessel et al., ) and Matt Draud’s tracking stud-
ies of hatchlings and juveniles in Oyster Bay (Draud and Bossert, : Draud,
Zimnovoda, King, and Bossert, ) display similar trends. The young turtles
are sampling various food items in the marsh substrate, including small crabs,
salt-marsh snails (Melampus), various insects, and marsh invertebrates. Simi-
lar to more mature terrapins, they appear to be opportunistic carnivores.
Researchers have not been able to identify any specific food preference in the
young population, although the smaller hatchlings rely heavily on the salt-
marsh snail, Melampus, a gastropod found in the intertidal region.
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Hatchling Hibernation
Diamondback terrapins hibernate during winter throughout much of their
range, even as far south as Florida (Butler et al., ). In contrast to adults
who hibernate in muddy sediments of creeks and coves (chap. ), hatchlings
hibernate on land. The environment within the hibernaculum will determine
the outcome of this winter dormancy period. As mentioned previously, some
terrapins never leave their nest and spend their first year in hibernation, a
phenomenon known as overwintering or delayed emergence. This strategy is
also seen in other turtle species. In cases in which hatchlings overwinter, the
placement of the nest by the mother turtle will impact not only sex of hatch-
lings and their development period, but also their winter survivorship. Over-
wintering is an adaptation that allows for conservation of energy. The
hatchlings stay put over the winter and emerge with warming temperatures
and an abundance of food. Overwintering on land is an adaptation that can
also protect hatchlings from fall predators and eliminate the types of osmotic
and hypoxic stress that can be encountered during aquatic hibernation. There
is a downside to overwintering: The soil temperature can sometimes dip
below freezing for significant periods of time. It is not an easy way to avoid
stress because it creates a new form of stress. It can be a perilous period in
which the tiniest hatchlings may be subjected to extreme cold temperatures
and to flooding of nests due to fall hurricanes and winter storm surges. The
overwintering hatchlings must go without food and sometimes without water
if the ground around the nest is frozen. Perhaps this explains the mixed emer-
gence strategy characteristic of terrestrially hibernating hatchlings: Some
hatchlings from a clutch may emerge in the fall, while others remain until the
following the spring. Each season presents its own hurdles for survival.

Although we do not have accurate information about how many hatch-
lings survive their first hibernation, data from early twentieth-century terra-
pin farms in North Carolina indicate a  percent death rate in hibernating
stock, compared to a . percent death rate in hatchlings that were kept active
all winter in a hothouse (Coker, ). The first hibernation may be the most
perilous.

The ability of hatchling turtles to survive hibernation presents a physio-
logical puzzle. Water is not available when the ground is frozen, and the small
size of hatchlings makes them particularly prone to desiccation. However,
lack of water may be the least of their winter stressors. With the possibility of
fluctuating winter temperatures that may dip below freezing for extended
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periods of time in northern areas, one wonders why hatchlings don’t freeze to
death. The parts of the hatchling that are exposed to the outside environment,
structures such as eyes, nares, integument (skin), cloaca, and unhealed umbi-
cal scar, are particularly prone to freezing. Naturally produced antifreeze com-
pounds known as cryoprotectants have been found to protect other organisms
from converting their body water to ice at extreme cold temperatures. Emy-
did turtles do not appear to produce any type of antifreeze molecules. They
can potentially respond to cold temperature stress in two ways. The first
method is by supercooling and remaining unfrozen at low temperatures.
Organisms that use this strategy will tend not to freeze unless there is an ice
nucleating agent, such as sand or bacteria, present in their systems. Other
organisms survive freezing by becoming freeze tolerant. They convert some of
their body water to ice but somehow survive periods of being frozen like a
popsicle. Land-hibernating terrapin hatchlings use the latter strategy. Baker
and his colleagues have examined the freeze tolerance of diamondback terra-
pin hatchlings for short periods of time in efforts to understand their cold
hardiness. They subjected hatchlings to below-freezing temperatures for var-
ious periods of time and assessed their ability to survive. They discovered that
hatchlings tolerate short periods of freezing under conditions that mimic
those found in nature. For example, when hatchlings were cooled to -.˚C
(.˚F) for fifty-three to ninety-seven hours, twelve out of thirteen survived.
When held at the same temperature for a week, seven out of seven survived.
But Baker’s group found clear limits to the ability of the hatchlings to recover
from a frozen state. When the freezing period was extended to twelve days,
none of the hatchlings survived. Furthermore, when hatchlings were cooled
to –.˚C (.˚F),  percent of body water was converted to ice, and after
eighty hours, no hatchlings survived. In this study, no differences were found
in the cold tolerance between New Jersey and New York hatchlings (Baker et
al., ). The limitations in cold tolerance found in these laboratory freezing
experiments help to explain why terrapins are not found north of Cape Cod
where more prolonged periods of ground freezing are typical.

Hatchling Cycles/Circadian Rhythms
On the north shore of Long Island, a diamondback terrapin population was
studied in marshes and creeks in the town of Cutchogue (Muehlbauer, ).
Freshly laid eggs were harvested and incubated in the laboratory so that
hatchling activity could be monitored under controlled conditions. By record-
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ing electronic activity to monitor locomotor activity in individual hatchlings,
it was shown that hatchling activity correlated well with the twelve-hour pre-
set light cycle. Hatchling activity was lowest during the twelve-hour dark
phase. Furthermore, in three of the five hatchlings studied, there were smaller
activity peaks and lulls that alternated, with a mean period of . hours. This
latter observation suggests a possible innate activity cycle that is linked to
tides. In a study conducted at Wheaton College in which the daily activities
of four hatchlings were monitored using web cameras attached to a computer
that was programed to analyze locomotor activity, we found that hatchlings
can actually anticipate the photoperiod induced by laboratory lighting. The
hatchlings begin to display locomotor activity about thirty minutes before the
onset of light (Hunt et al., ). During the light period, there is also the
suggestion of a slight underlying activity fluctuation at approximately six-
hour intervals. If these six-hour fluctuations turn out to be significant, they
would agree with Muehlbauer’s observations. We can then can ask: Why
should terrapin hatchlings display a diurnal activity cycle with tidal variation?

If hatchlings are active primarily to find food, tide-related activity would
be a beneficial adaptation. High tide would provide more protection from
overhead avian predators and some diurnal terrestrial predators compared to
low tide, when more of the marsh is exposed. These laboratory findings also
agree with our field observations of released headstarted terrapins that we find
burrowed under the Spartina and marsh mud during low tide but display
larger movements during high tides.

Headstarting
It seems clear that tiny diamondback terrapin hatchlings, about the size of a
quarter and weighing about  grams (. ounces), are vulnerable to predators
and the elements. Would hatchlings have increased chances of surviving if
they could achieve a larger, predator-proof size in a shorter period of time?
This is the rationale for some of the programs that are designed to provide
individual turtles with a head start in life.

For diamondback terrapins, the incentive to headstart was initially eco-
nomic. Programs were initiated in response to the commercial demand for
turtle soup. As a result of a suggestion by H. B. Aller in , while he was
superintendent of the U.S. Fisheries Biological Laboratory at Beaufort,
North Carolina, the first year of terrapin hibernation was eliminated in order
to increase terrapin survival and to jump-start growth. The theory behind this
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experimental strategy is that young turtles will have a better chance of survival
if they can spend their most vulnerable developmental period, when predation
rates are expected to be very high, in a protected environment. Furthermore,
if growth of terrapins could be accelerated during headstarting, especially the
wasteful period of the first winter when terrapins do not feed and thus do not
grow, a new generation of turtles could be launched in five or six years rather
than six or seven. This acceleration in growth could potentially supply the
commercial demand for terrapins at a more rapid rate. Thus, the Fisheries
Bureau housed hatchlings in a modified greenhouse maintained at oC
(oF ) while keeping them active and feeding them throughout the winter.
The headstarted terrapins reached the size of two- to three-year-olds within
a matter of months.

Headstarting is not unique to diamondback terrapins. The strategy has
also been used as a method to restore and preserve threatened and endangered
marine turtles such as the Kemps Ridley, Hawksbill, and Green sea turtles.
Headstarting has also been employed in attempts to improve chances of sur-
vival for freshwater turtles such as the Western pond turtle (Clemmys mar-
morata) listed as endangered in Washington State, most likely due to
exploitation for food, and the Plymouth red-bellied turtle (Pseudemys rubriven-
tris bangsi), endangered as a result of development of shoreline and upland
habitats surrounding ponds in the restricted region of Massachusetts where
the turtle is found.

Turtles that will be headstarted can be obtained in a number of ways. In
some cases, eggs are removed from natural nests and incubated in an artificial
environment to produce hatchlings. In other cases, hatchlings may be
obtained from natural or protected wild nests at the time of their emergence.
Under circumstances in which turtles are “farmed,” a captive breeding popu-
lation is maintained and offspring from these adults are raised.

Sea turtle headstarting programs were first initiated in the s due to
conservation concerns, and the practice continued in the s for added eco-
nomic purposes. A tremendous amount of controversy surrounds these
efforts. In the case of sea turtles, saltwater containment tanks or enclosures are
required. Specialized equipment is used to keep the water clean and to regu-
late temperature. The cost to maintain a sea turtle farm is often prohibitive,
and these operations have not been found to be cost-effective in producing
turtles for the commercial food market. It is not just a matter of expensive
equipment; it takes many years before a turtle achieves a marketable size.

Other problems plague the turtle farmers. These plagues are caused by
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parasites and microbial pathogens that may be present a low levels in natural
populations. In crowded holding tanks, a disease may spread quickly through
the captive animals and cause a high rate of mortality. There are also concerns
about releasing potentially infected animals back into the wild population,
where devastation of natural populations may result.

It had initially been proposed that the demand for commercial turtle
products, including eggs, oil, shell, and meat, could be met by use of farm-
raised turtles. This would potentially decrease the hunting of wild turtles and
poaching of eggs from natural nests. However, there is some fear that turtle
farming may reopen the international trade in sea turtle products and that
turtle farms may not be able to keep up with the demand. This may lead to an
increase in the illegal capture and sale of turtles and their products.

In the case of using headstarting as a conservation strategy, various issues
must be kept in mind. Questions have been raised about the ability of head-
started turtles to adjust to life in the wild. Some studies suggest that head-
started turtles eventually join the breeding population, but other research
suggests that headstarted animals do not behave in a normal manner. Certain
survival behaviors may be learned during the early period of a sea turtle’s life.
In their juvenile years, sea turtles develop complex migratory behaviors that
may be altered when a turtle is raised under artificial conditions. Perhaps the
biggest concern with headstarting sea turtles and releasing them to attempt to
increase or stabilize natural populations is that there is no indication that the
strategy may be successful.

Whether the issue is conservation of threatened or endangered popula-
tions or economic viability in terms of producing turtle products, the jury is
still out on sea turtle headstarting. The only proven arena in which headstart-
ing has been a success is tourism. The Cayman Turtle Farm is a major attrac-
tion, and tourist dollars help pay the bills.

In the case of freshwater turtles, there may be fewer problems with hus-
bandry. Expensive saltwater systems are not required for maintenance of the
hatchlings, and there is less concern about the development of the ability of
headstarted turtles to migrate because freshwater turtles tend to remain in
localized populations. The State of Washington Department of Fisheries and
Wildlife initiated a recovery program for Western pond turtles (Clemmys mar-
morata) with a headstarting component. The agency reports that the Western
pond turtle now numbers  to  of which half originated as headstarted
turtles from the Woodland Park Zoo (http://wdfw.wa.gov/wlm/diversty/soc
/recovery/pondturt/wptxsum.htm). When the data clearly show that these
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introduced turtles become part of the breeding population, there will be fur-
ther evidence for the success of the program.

With respect to headstarting, diamondback terrapins are more similar to
fresh water turtles than their marine counterparts. Pilot terrapin headstarting
programs have provided guidelines for successful husbandry. These programs
have been initiated for a number of reasons. The largest program I have seen
involves a collaboration between the Wetlands Institute in Stone Harbor, New
Jersey, and Richard Stockton College of New Jersey. Roger Wood, director of
the Wetlands Institute, and a professor at Stockton, has enlisted the assistance
of interns and faculty for this project. Hundreds of tiny hatchlings fill plastic
bins in the animal facility at the college. They originate from eggs dissected
from the carcasses of females that are killed on the causeways leading to the
Jersey Shore. From the carnage, Roz Herlands, a developmental biologist and
professor at Stockton, rescues the eggs and incubates them at ˚C (˚F), a
temperature that will produce mostly females. The rationale in producing
females is to replace the road-killed mother turtles that carried these eggs,
many of which may still be intact and viable. Herlands has optimized the pro-
cedures for these emergency oophorectomy operations (surgical removal of
eggs), the transport of the delicate eggs to the college, and the conditions of
incubation so that her success rate for producing hatchlings is around  per-
cent. In the first year of the program, much to the dismay of the egg rescue
team, hatchlings were scooped up by gulls when they were released in the wild.
Wood recalled that from the bird’s perspective, the hatchlings were bite-sized
snacks. After all the effort to remove eggs and incubate them, it was very dis-
appointing to see all the hatchlings gobbled up in short order. If the goal was
to “replace” the road-killed females, something clearly had to be done. So
Wood and Herlands began to headstart the hatchlings and to plan their release
for the following spring. Their program has been in place since , and some
of their many baby turtles were cared for at the Philidelphia Zoo. When  larger
turtles are released, gulls pose less of a problem. The program appears to be
working; the collaborators are beginning to find some of their headstarted ani-
mals mingled with the Cape May juvenile and adult population.

The Turtle Tots program was initiated by the Maryland Fisheries Service
Department of Natural Resources (DNR) as part of a larger outreach project
called Terrapin Station, designed to promote environmental awareness and
get the public more involved in issues of resource management and habitat
protection. The Maryland DNR selected the diamondback terrapin, the mas-
cot of the University of Maryland and the state reptile, as a hook to get the
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public interested in the resources of the Chesapeake Bay watershed and keep
the public informed about conservation issues. There is more about the proj-
ect in chapter . The program had a headstarting component using rescued
eggs from gardens and shorelines around Chesapeake Bay that were deemed
inadequate for nesting success. The eggs were incubated and the resulting
hatchlings were shipped out to schools where they were tended to by eager
children and their teachers throughout the winter. After eight or nine
months, the much larger hatchlings were released after being fitted with wire
tags, so that if they were caught the DNR would know they were graduates of
Turtle Tots. The program became very popular; at one point, eighteen schools
were raising baby diamondback terrapins and there was a growing demand for
more hatchlings. Maryland Governor Parris N. Glendenning established a
Terrapin Day, on which school-raised terrapins were released into the wild
with great fanfare. Although the program was tremendously successful with
students and teachers alike, there were some lingering concerns. Would inter-
actions with humans somehow deprogram the terrapins from exhibiting nor-
mal behaviors in the wild? Would the terrapins pick up pathogens from their
human caretakers and pass them along to the wild population? Would the
school kids become infected with Salmonella from the turtles? With these
troubling questions, decisions were made to scrap the headstart program and
put resources into other initiatives to raise environmental awareness.

On Cape Cod, Peter Auger began to headstart terrapins from tire-track
nests. These nests were doomed to be crushed by off-road vehicles such as
trucks and sport utility vehicles (SUVs) as drivers made their way out to Sandy
Neck for fishing and recreation or to reach a small cottage colony at the tip
of the barrier beach. Auger began collecting the eggs from these nests and
incubating them at Barnstable High School. Rather then seeing the hatch-
lings become snacks for predators, he began to keep them over the winter and
release them, about forty times larger than their hatchling size, the following
spring. He also realized the value of these small turtles as teaching tools and
placed some of them in classrooms where students acted as caretakers,
observed their behaviors, and charted their growth. Concerned about their
adjustment to their natal marsh after being fed tasty treats and vitamin-sup-
plemented pellets, he created small pens within the marsh where they were
kept for a period before their release. By observing them in the enclosures,
Auger was somewhat assured that the headstarted terrapins behaved like their
normal counterparts. Despite the artificial environment for the terrapin, the
whole experience seems a better fate than being squashed by a tire.
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My experience with headstarting also began as a rescue of sorts. A fall
storm on Cape Cod eroded a sand dune and exposed a clutch of terrapin eggs.
In case they were viable, Don Lewis rescued the eggs and put them in a
bucket of moist sand and brought them into his garage. One day, Lewis
looked into the bucket and he was mildly surprised to find five healthy hatch-
lings. But by the time the hatchlings emerged in the warm garage, the outside
temperatures had plummeted and the late fall winds were whipping. Cape
Cod terrapins had already disappeared for the season and were most likely in
hibernation mode. A release into the marsh would have been a death sentence
for the hatchlings. Our solution was an eight-month vacation in a nice warm
aquarium. Similar to other groups that have headstarted terrapins, we were
also concerned about the fate of these turtles and their adjustment to the
marsh. This was our incentive to track their movements after they were
released. To assist with the transition to the wild, the hatchling diet of com-
mercial pellets was supplemented with fresh marsh food such as mussels and
periwinkle snails during the month prior to their freedom. After the hatch-
lings were released with radio transmitters attached to their carapaces, we
periodically recaptured them, recorded their weights, and checked fecal sam-
ples to assure ourselves that they had made the switch from a diet of hatch-
ling pellets to various marsh offerings.

The headstarting process has revealed additional information about the
environmental conditions that can potentially impact hatchlings in wild pop-
ulations. It is possible to raise terrapin hatchlings in fresh water, but most
headstarting protocols call for the addition of salt into aquaria. The salt
inhibits growth of unwanted bacteria and also helps to prepare hatchlings for
their natural environment. Hatchlings may experience full-strength seawater
in some of their natural marsh habitats, but in captivity they appear to be
most healthy and have better survival when they are started off under very low
salt concentrations,  to  ppt, and later reared at salt concentrations from  to
 ppt.

It is no surprise that temperature is important to hatchling growth and
that hatchlings raised in aquaria or tanks maintained at approximately  to
˚C ( to ˚F) grow more rapidly than those maintained at lower temper-
atures. They must be provided with lighting that mimics daylight, with proper
ultraviolet wavelengths for shell hardening and development. Terrapin hatch-
lings resemble pond turtles when they pile up on top of one another to bask,
one of their favorite activities.

One of the husbandry problems identified from headstarting conducted
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at Beaufort in the early s was a condition known as softshell (also
described in chapter  in relationship to vitamin D deficiency). This disease
followed from a failure of the hatchlings to eat, with a resulting failure to
grow. Without active growth, the hatchling does not incorporate the miner-
als needed for the shell to harden. Softshell animals have a high mortality,
although some start to feed at a later time and can recover from the condi-
tion (Hildebrand, ).

A surprising terrapin behavior encountered in most headstarting situa-
tions is aggression. Hatchlings that are housed together in the same tanks may
experience a change in behavior from peaceful coexistence to a situation in
which one or more begin to attack others by biting and chewing, mostly on
tails or rear limbs. The resulting injuries usually heal but occasionally become
infected and may lead to permanent deformities. Aggressive hatchlings
should be separated from others. We sometimes use tank dividers to keep the
peace. The cues that promote aggressive behavior are not well understood, but
one situation that frequently triggers aggression is overcrowding. If a hatch-
ling is injured, attacks will continue. The aggressor is usually joined by other
tankmates, perhaps because of their attraction to the open wound.

Despite the anecdotal success of headstarting efforts for diamondback ter-
rapins, the strategy must still be considered as experimental. It is too soon to
determine whether headtstarted diamondback terrapins will mate and
whether females will nest. We also don’t know if wild or headstarted terrapins
return to their natal beaches to nest, a phenomenon first described in sea tur-
tles by Archie Carr and known as natal homing. Using mechanisms and cues
that are still a mystery, sea turtles “imprint,” that is, learn a behavior or
response that is usually irreversible, on their natal beaches. The imprinting is
believed to occur in a short but sensitive period and may occur when turtles
are developing in the nest or as they make their way to the ocean as hatch-
lings. We don’t know if wild diamondback terrapins return to their natal
beaches, so it is too soon to assess the ability of headstarted/released terrapins
to return to home shores to nest.

Headstarting of diamondback terrapins is thus in its investigational
stages, and more work must be done to determine whether this strategy is rea-
sonable and defensible. Decisions may need to be made on a case-by-case
basis. Headstarting may have the potential to contribute to conservation/
repatriation efforts if it can be shown that headstarted terrapins do not carry
or transmit pathogens, do adjust to life in the wild, and eventually reproduce.
At the very least, headstarted terrapins that would otherwise not have sur-
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vived have a tremendous public relations and educational value. Cute little
turtles provide a visual mechanism to teach about terrapins and draw people
into the concept of conservation. An added benefit is that headstarting will
continue to inform us about behaviors and adaptations of young terrapins.

Although we still cannot fully characterize their lost years, we can specu-
late that hatchlings disperse from their nest sites and most likely live a solitary
existence in the wild. They spend much of their early years in a cryptic mode
and remain in the marsh and smaller tidal creeks for several years before ven-
turing into deeper water. Their encounters with other young terrapins may
occur by chance, but these meetings are probably infrequent. Social behaviors
and terrapin–terrapin interactions are exhibited after sexual maturity and
occur during mating. Research efforts should be designed to focus on early
terrapin life, a period during which terrapins appear the most vulnerable.
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