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Abstract: As with other turtles, the postemergent movements, overwintering behaviours, and survivorship of hatchling Dia-
mond-backed Terrapins (Malaclemys terrapin (Schoepff, 1793)) are poorly known, but anecdotal reports suggest that they
may spend more time on land than most aquatic turtles. We investigated this behaviour using drift fences with pitfall traps
on the island of Ruler’s Bar, Jamaica Bay, New York, fall 2006 to spring 2008. We captured 324 live hatchling Terrapins,
95 were recaptured at least once, and we found 43 dead. After emergence from nests in the fall, most hatchlings moved up-
land away from the water; this pattern was reversed in the spring. Hatchling body sizes shrank during winter, probably ow-
ing to desiccation, and hatchlings were more likely to move on warmer days and days without precipitation. We recaptured
some hatchlings on land as long as 9 months after emergence. As a result, hatchling M. terrapin were seen on land from
April to December, well outside fall and spring during which they emerge from nests, and we found strong evidence that
hatchling M. terrapin overwinter on land outside their nests. One important nest predator (raccoons, Procyon lotor (L.,
1758)) was also an important hatchling predator, as were Norway rats (Rattus norvegicus (Berkenhout, 1769)). Future work
should investigate the terrestrial microhabitats used by hatchling M. terrapin, and management should protect hatchlings dur-
ing this life stage.

Key words: hatchling, turtle, overwinter, drift fence, movements, survival, freeze, terrestrial, Diamond-backed Terrapin,
Malaclemys terrapin, raccoon, Procyon lotor, Norway rat, Rattus norvegicus.

Résumé : Si, comme pour d’autres tortues, les connaissances sur les mouvements post-émergents, les comportements hiver-
naux et la survie des bébés tortues à dos diamanté (Malaclemys terrapin (Schoepff, 1793)) sont limitées, des signalements
anecdotiques suggèrent qu’ils passeraient plus de temps en milieu terrestre que la plupart des tortues aquatiques. Nous avons
étudié ce comportement à l’aide de clôtures de déviation et de pièges à fosse, dans l’île de Ruler’s Bar, dans la baie de la
Jamaïque (État de New York), de l’automne 2006 au printemps 2008. Nous avons capturé 324 bébés tortues vivants, dont
95 ont été recapturés au moins une fois et 43 ont été retrouvés morts. Après l’émergence du nid à l’automne, la plupart des
bébés se sont dirigés vers les terres, s’éloignant de l’eau; au printemps, ce déplacement s’inversait. La taille du corps des
bébés a diminué durant l’hiver, probablement en raison de la dessiccation, et les bébés étaient plus susceptibles de se dépla-
cer durant des jours plus chauds et sans précipitations. Des bébés ont été recapturés en milieu terrestre jusqu’à neuf mois
après leur émergence. Ainsi, des bébés M. terrapin ont été observés sur terre d’avril à décembre, bien en dehors des pério-
des automnale et printanière durant lesquelles ils émergent du nid. Des observations probantes indiquent en outre qu’ils pas-
seraient l’hiver sur terre, hors du nid. Un important prédateur de nids (le raton laveur, Procyon lotor (L., 1758)) s’est
également avéré être un important prédateur de bébés, tout comme le rat surmulot (Rattus norvegicus (Berkenhout, 1769)).
Des travaux futurs devraient se pencher sur les microhabitats terrestres utilisés par les bébés M. terrapin, et des efforts
d’aménagement devraient être déployés pour protéger les bébés durant cette étape de leur cycle de vie.

Mots‐clés : bébés, tortue, comportement hivernal, clôture de déviation, déplacements, survie, gel, terrestre, tortue à dos
diamanté, Malaclemys terrapin, raton laveur, Procyon lotor, rat surmulot, Rattus norvegicus.

[Traduit par la Rédaction]

Introduction

The ecology of hatchling turtles is poorly known, despite
its importance to life-history models and management plans
(Morafka 1994). This is primarily because turtle hatchlings
typically occur in low densities, are inconspicuous, and until
recently, radio-tracking technology was too large for use on

such small animals (i.e., <6 g). On land, turtle hatchlings are
vulnerable to predation (Janzen et al. 2000), desiccation
(Gregory 1982; Finkler et al. 2000; Kolbe and Janzen 2002),
and thermal stress through either overheating or freezing
(Dinkelacker et al. 2005a, 2005b; Baker et al. 2006). Never-
theless, hatchlings of some other members of the family
Emydidae spend a considerable amount of time on land out-
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side the nest (e.g., Sliders, Trachemys scripta (Thunberg in
Schoepff, 1792): Moll and Legler 1971; Blanding’s Turtles,
Emys blandingii Holbrook, 1838: Butler and Graham 1995;
Standing et al. 1997; McNeil et al. 2000; Linck and Gillette
2009; Wood Turtles, Glyptemys insculpta (LeConte, 1829):
Castellano et al. 2008; Walde et al. 2008; and Eastern Box
Turtles, Terrapene carolina (L., 1758): Burke and Capitano
2012). Although emergence of turtle hatchlings from nests is
influenced by a variety of factors (Costanzo et al. 2008), little
is known about the environmental conditions that affect ter-
restrial movements after emergence.
Another feature of the ecology of hatchling turtles that is

poorly known in temperate zone species is overwintering lo-
cations. Hatchlings of most aquatic turtle species emerge
from their nests in the fall and move immediately to water
(Ehrenfeld 1979; Ultsch 2006), where they are difficult to
follow. This pattern is not ubiquitous; hatchlings of some
aquatic species spend their first winter in the nest (Costanzo
et al. 2008). Costanzo et al. (1995) therefore summarized
aquatic turtle hatchling overwintering location options as
(i) terrestrial hibernation in shallow nests, (ii) terrestrial hi-
bernation deep underground (below the nest), and (iii) aquatic
hibernation. The specific locations of hatchlings overwinter-
ing in water are known for very few species (Ultsch et al.
2007). Costanzo et al.’s (1995) three options do not include
terrestrial hibernation at or near the ground surface outside
the nest, as occurs in some E. blandingii (Butler and Graham
1995; Linck and Gillette 2009). Variation in overwintering
patterns also exists both among and within species of Emydi-
dae; overwintering patterns can even vary within a clutch
(i.e., T. scripta: Costanzo et al. 2001; Northern Map Turtles,
Graptemys geographica (LeSueur, 1817): Nagle et al. 2004).
The hatchling ecology of the Diamond-backed Terrapin

(Malaclemys terrapin (Schoepff, 1793)) is particularly enig-
matic. Malaclemys terrapin are medium-sized turtles that pri-
marily inhabit estuarine smooth cordgrass (Spartina
alterniflora Loisel.) marshes along the east and Gulf coasts
of the United States. Malaclemys terrapin oviposit from May
to August (Feinberg and Burke 2003; Ernst and Lovich
2009), generally within 100 m of shore; nests are usually
laid in sandy areas and on vegetated dunes (Seigel 1980;
Roosenburg 1994; Scholz 2007). Hatchlings emerge in the
fall (August–September) and spring (April–May) (Scholz
2007). Nest and egg survivorship have been well studied
(Burger 1976, 1977; Auger and Giovannone 1979; Lazell
and Auger 1981; Roosenburg 1992; Roosenburg and Place
1995; Feinberg and Burke 2003; Butler et al. 2004; Ner and
Burke 2008); egg mortality owing to predation is often very
high. Little is known regarding the survivorship of hatchling
M. terrapin, although their predators are diverse, e.g., ghost
crabs (Ocypode quadrata (Fabricius, 1787)) (Arndt 1991,
1994; Zimmerman 1992; Butler et al. 2004), praying mantids
(species unknown) (D. Reipe, unpublished data), Norway rats
(Rattus norvegicus (Berkenhout, 1769)) (Draud et al. 2004),
raccoons (Procyon lotor (L., 1758)) (Burger 1977; Butler et
al. 2004; Rulison 2009), red fox (Vulpes vulpes (L., 1758)),
Laughing Gulls (Leucophaeus atricilla (L., 1758)), and
Black-crowned Night Herons (Nycticorax nycticorax (L.,
1758)) (Burger 1976, 1977). Nothing is known about the en-
vironmental factors that influence terrestrial movements of
hatchling M. terrapin, but anecdotal evidence suggests that

they spend a considerably larger fraction of posthatching
time on land than do most aquatic turtles (Pitler 1985; Lo-
vich et al. 1991; Roosenburg 1991). In addition to survivor-
ship, little has been reported concerning the movements of
hatchling M. terrapin after emergence, although Burger
(1976) and Butler et al. (2004) reported on hatchling move-
ment immediately after emergence, and Draud et al. (2004)
reported on both hatchling terrestrial overwintering sites and
predation by R. norvegicus after emergence.
Our primary goal was to test the hypothesis that hatchling

M. terrapin routinely overwinter on land. Our hypothesis was
based on (i) Draud et al.’s (2004) observation of predation by
R. norvegicus on hatchlings emerging from terrestrial hiber-
nacula in the spring; (ii) Baker et al.’s (2006) demonstration
that hatchling M. terrapin are freeze tolerant, while at our
study site (see below), hatchlings rarely overwinter in the
nest (Ultsch 2006); (iii) Rulison’s (2009) observation of re-
mains of hatchling M. terrapin in the diets of P. lotor in early
July, indicating that hatchlings were on land some 9 months
after emergence; (iv) Pitler’s (1985) observation of hatchling
and juvenile M. terrapin under wrack (dried marine vegeta-
tion and other debris) lines in New Jersey, well outside the
normal season of emergence; and (v) Kinneary’s (2008) ob-
servation that hatchling M. terrapin readily feed on land, un-
like most water turtles. Furthermore, we sought to identify
the environmental factors associated with hatchling terrestrial
movements (as demonstrated by Butler et al. 1995 and Keller
et al. 1997), investigate whether overwintering on land might
be advantageous, and identify important hatchling predators.
We hypothesized that hatchlings would be more likely to
move under conditions that minimized thermal stress, desic-
cation, and predation risk.

Materials and methods

Field site
Rulers Bar (RB) is a 458 ha island (40°36′58.68″N, 73°50′

07.63″W) near the center of Jamaica Bay (JB). JB is divided
evenly by the borders of Brooklyn and Queens boroughs,
New York City, New York, USA, and has the largest popula-
tion of Diamond-backed Terrapins in New York State (Fein-
berg and Burke 2003; R.L. Burke unpublished data). Over
95% of nests of western JB Diamond-backed Terrapins are
laid on RB (Ner and Burke 2008). RB is located near the
center of the range of the subspecies Northern Diamond-
backed Terrapin (Malaclemys terrapin terrapin (Schoepff,
1793)).
RB is part of the Gateway National Recreation Area, man-

aged by the National Park Service. From 1979 to 1992, Na-
tional Park Service employees regularly recorded wildlife
observations that they made while in the field. We examined
all available National Park Service records for reports of
hatchling Diamond-backed Terrapins. Search time was not re-
corded, so these data cannot be adjusted for search effort.

Hatchling captures
All work was carried out under permits from Hofstra Uni-

versity’s Institutional Animal Care and Use Committee, as
well as appropriate federal and state authorities. In fall 2006,
spring and fall 2007, and spring 2008, we installed drift-
fence lines near ocean shorelines, using 13 cm high alumi-
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num flashing with metal stakes to anchor the flashing. We
chose drift fences with pitfalls over radio telemetry because
hatchling M. terrapin are small (some <3.7 g) and available
transmitters with useful battery life were greater than the
usual 10% mass limit for telemetry packages (Beaupre et al.
2004). We distributed the drift fences among six RB field lo-
cations with different habitat types (dune, light shrub, heavy
shrub, gravel trail) where high levels of nesting activity of
M. terrapin had occurred in previous years (R.L. Burke, un-
published data). Fences were positioned in arrays of two to
four lines between nesting areas and ocean shorelines,
through nesting areas parallel to shorelines, and parallel but
upland from nesting areas. Fence-line length (mean = 7.8 m,
range = 3.9–13.4 m) varied according to habitat patch size.
We removed drift fences between sampling seasons except
between spring 2007 and fall 2007. Dates of fence establish-
ment varied among seasons and years, but for each season,
all fence lines were installed at least 2 days before the first
hatchling was captured at any fence. We adjusted the number
of fence lines and traps each season to add new sites or make
adjustments because of erosion and storm damage. The num-
ber of drift fences varied from 10–11 per season.
We buried pairs of pitfall traps made from plastic litre-

sized milk containers along each side of each drift fence at
1 m intervals, and one pair at each end. The number of traps
varied from 242–294 per season. We used two styles of pit-
fall traps: one made by cutting the milk containers in half
transversely and using only the bottom half of the container,
and the other by placing the container on its side and cutting
a 5 cm × 7 cm rectangular hole on the top of the container.
We cut four puncture holes in the bottom of each trap for
drainage. We buried the traps into the substrate with the lip
of the trap opening flush with the substrate surface and
placed a thin layer of sand and dried plant material in each
for refuge. We maintained fence lines and traps daily, remov-
ing sand that accumulated along the fences and in traps, trim-
ming vegetation that abutted the fence by hand, and
repositioning traps exposed by erosion.
We checked all pitfall traps daily, generally between the

hours of 1200 and 2000, except in fall 2007 when we
checked them until 2300. We photographed and measured
carapace and plastron lengths and widths with Pittsburgh®
digital calipers to the nearest 0.01 mm, and recorded loca-
tions (site, fence line, trap number, and side of the fence) of
all hatchlings. Hatchlings caught in pitfalls were released
under nearby vegetation on the opposite side of the fence.
Hatchlings found walking along the fence line but not in a
trap were processed and replaced at the capture site. We
marked each hatchling with a unique identification number
using a Sharpie® marker on its carapace and plastron. We re-
corded the date, location, and condition of hatchlings found
dead and attempted to determine sources of mortality.
We measured the effects of air temperature and precipita-

tion on the movements of hatchling M. terrapin using the
number of hatchlings recaptured per trap-night as an index
of activity. We limited most of our analyses in both seasons
to recaptured individuals, so as not to confound our data
with hatchling nest emergence patterns because at RB hatch-
ling M. terrapin emerge in both fall (August and September)
and spring (April and May) (Ultsch 2006; Scholz 2007). In
addition, emergence of RB hatchling M. terrapin tends to oc-

cur synchronously among multiple nests (R.L. Burke, unpub-
lished data), which would tend to obscure tests of any general
relationship between environmental factors and terrestrial
movements by hatchlings that had emerged previously.

Photograph identification
Because our marking system was not permanent, we also

used photographic records of plastron patterns as a second
method to identify recaptures. We compared all photographs
from all hatchlings for the four field seasons to each other to
test whether we failed to identify a previously caught hatch-
ling as a recapture. For each hatchling photograph, we lo-
cated an unusual pattern or design on its plastron and twice
searched by eye all other photographs for the same pattern.

Predator surveys
We surveyed daily for predator tracks while checking traps

and walking on the beach. We also monitored predator pres-
ence using powdered track plates and motion sensitive cam-
eras (Long et al. 2008) along the drift-fence lines.

Statistical analysis
The number of hatchlings per day was calculated using the

total number of hatchlings that fell into each trap per day
(hand captures were excluded) divided by the number of
traps open the previous 24 h during the active season (from
the date of the first capture to that of the last capture for that
season). We compared carapace and plastron lengths of indi-
viduals recaptured between seasons using one-tailed (because
we expected them to grow) Wilcoxon rank-sum tests for
paired data. We compared carapace and plastron lengths of
individuals captured in fall 2006 with those captured in fall
2007, and similarly compared individuals captured in spring
2007 with those captured in spring 2008, using two-tailed
Student’s t tests.
We used local weather data (daily low, mean, and high air

temperatures, and daily rainfall) recorded at a weather station
located at John F. Kennedy International Airport (4 km NE
from the study site) collected by the US National Weather
Service. We compared the daily minimum, mean, and high
temperatures for fall activity seasons (combined 2006 and
2007) and spring activity seasons (combined 2007 and 2008)
using two-tailed Student’s t tests. We combined hatchling
capture data from both fall seasons into a single fall data set,
and both spring seasons into a single spring data set, and
tested for possible effects of environmental conditions on
hatchling movements three ways. We used recaptures only to
avoid inflation of our data because of newly emerged hatch-
lings. First, we used regression analysis to compare the num-
ber of hatchlings captured per day with the daily low, daily
mean, and daily high air temperatures for each season and
for both seasons combined. Second, we compared the tem-
peratures (daily minimum, mean, and maximum) on days
when we had at least one recapture with days on which there
were no recaptures, using two-tailed Student’s t tests. Third,
for each seasonal data set, we divided the daily precipitation
data into the smallest possible precipitation intervals (i.e.,
number of days) that resulted in a minimum of five hatchling
recaptures in each interval, predicted the random probability
of hatchling captures based on the number of days in each
interval and the total number of hatchlings captured, and
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compared these predictions with observed data using c2 tests.
Values are reported as mean± SD, unless otherwise specified.

Results

Capture–recapture rates
We captured 324 hatchling M. terrapin (dead and alive)

and made 433 recaptures (dead and alive) in the four field
seasons (fall 2006, spring 2007, fall 2008, and spring 2008)
(Figs. 1–4) combined. Ninety-five hatchlings were recaptured
at least once within the same season as their first capture.
National Park Service employees found 228 terrestrial hatch-
ling M. terrapin on RB from 1979 to 1992. Terrestrial hatch-
lings were found every month of the year except January,
February, and March (Fig. 5).

Interseasonal comparisons of body size
The number of hatchling M. terrapin captured in pitfall

traps per day during the active seasons varied; in general, we
captured fewer in 2006–2007 (fall 2006: 1.32 ± 1.81 hatchlings
captured/day; spring 2007: 0.88 ± 1.07 hatchlings captured/
day) than in 2007–2008 (fall 2007: 2.63 ± 3.50 hatchlings
captured/day; spring 2008: 2.37 ± 2.92 hatchlings captured/
day). Hatchlings captured in fall 2006 were significantly larger
in plastron length than those captured in spring 2007 (t[58] =
4.15, P = 0.0001), but not in carapace length (t[38] = 1.89,
P = 0.06). Hatchlings captured in fall 2007 were not signifi-
cantly different in plastron length than those captured in spring
2008 (t[145] = 1.59, P = 0.11), but those captured in fall 2007
were significantly larger in carapace length than those captured
in spring 2008 (t[124] = 2.81, P = 0.006).
We captured 18 hatchling M. terrapin in fall seasons (2006

and 2007 combined) that we recaptured in the subsequent
spring. The length of time between these fall captures and
spring recaptures ranged from 183 to 276 days (226 ±
27.4 days). In the spring, 4 of these 18 were found upland
(farther from water) from their fall capture sites; 9 were
found near the same location as in fall, and 5 were found
closer to water than their fall locations. Two of those that
moved upland traveled at least 85 m from fall capture loca-
tion to spring recapture location.
Eight of the 18 hatchlings that we caught in both the fall

(2006 and 2007 combined) and subsequent spring decreased
in carapace length from fall to spring, losing 0.35%–3.6% of
their fall length. We failed to measure 5 of the 18. Four were
unchanged in carapace size, and one grew 1.4% in carapace
length. Ten of the 13 hatchings decreased in plastron size,
losing 0.4%–10% of their fall length. Three hatchlings grew
in plastron length, gaining 0.85%–8.6% of their fall length.
Overall, the fall–spring recaptures had significantly smaller
carapace lengths (Wilcoxon rank-sum test, W+ = 40.50, P =
0.014) and smaller plastron lengths (W+ = 72, P = 0.034) in
spring compared with the previous fall, that is, they shrank
over the winter.

Intraseasonal movements
In fall 2006, 26 hatchling M. terrapin captured in pitfall

traps were recaptured later that fall having moved away from
the shoreline and 21 were recaptured closer to the shoreline
(this difference was not significant, c2

½1� = 0.53, P = 0.46)
(Fig. 6). In fall 2007, significantly more (85 of 138) hatch-

lings captured in pitfall traps were recaptured later that fall
having moved away from the shoreline than moving towards
the shoreline (c2

½1� = 12.58, P = 0.0004) (Fig. 6). In spring
2007, significantly more (16 of 19) hatchlings captured in
pitfall traps were recaptured having moved towards the shore-
line (c2

½1� = 7.2, P = 0.007) than away from the shoreline
(Fig. 6). Again in spring 2008, significantly more (45 of 67)
hatchlings captured in pitfall were recaptured having moved
towards the shoreline (c2

½1� = 8.4, P = 0.004) than away
from the shoreline (Fig. 6).
The longest time a hatchling remained on land between re-

captures within a fall season was 61 days. The longest time a
hatchling remained on land within either spring season was
17 days. The longest time between recaptures of the same
hatchling was 276 days from fall to spring.

Hatchling activity patterns and environmental conditions
Daily minimum, mean, and maximum temperatures were

higher in the fall activity seasons than in the spring activity
seasons (t[188] = 5.40, P < 0.001; t[164] = 3.93, P < 0.001;
and t[144] = 2.44, P = 0.016, respectively). We found no sig-
nificant relationships between any temperature variable and
the number of recaptures per trap-night using regression anal-
ysis (all P > 0.08). However, in both fall seasons combined,
days in which hatchlings were recaptured had higher mean
temperatures and higher minimum temperatures (t[60] = 2.05,
P = 0.044 and t[60] = 2.03, P = 0.046, respectively), but not
maximum temperatures (t[60] = 1.94, P = 0.057). In contrast,
in the combined spring data, we found that the temperature
on days in which recaptured hatchlings were captured were
not different (minimum, mean, or maximum) from the tem-
perature on days without captures (all P > 0.116).
Precipitation affected hatchling movement in both fall and

spring seasons. In fall seasons, hatchlings moved on days
with no precipitation, and on days with very heavy precipita-
tion (>6.10 mm rain), in relatively greater proportion than
the occurrence of these events (c2

½2� = 6.74, P = 0.034). In
spring seasons, hatchlings moved on days with no precipita-
tion and less on days with heavy precipitation (>1.8 mm
rain) in relatively greater proportion than the occurrence of
these events (c2

½2� = 7.44, P = 0.024).

Hatchling predation and predators
We found 43 dead hatchling M. terrapin during the four

field seasons combined (Figs. 1–4). All dead hatchlings were
dead less than 24 h, the time between our previous trap
check and our return the next day. We found 26 dead hatch-
lings in traps and 17 dead hatchlings on wrack lines or sand.
Twenty-six (60%) of the dead hatchlings were missing limbs
or heads, or punctured and disemboweled through either the
carapace or plastron.
Procyon lotor were common in all trapping areas. We ob-

served P. lotor, mostly during the evening, while they were
predating nests of M. terrapin, foraging, and walking along-
side active fence lines in every field season. We regularly ob-
served tracks of P. lotor alongside fence lines. Video
recordings, pictures from motion-sensitive cameras, and track
plates all showed that P. lotor were often present and active in
known hatchling areas. We also observed tracks of R. norve-
gicus on nearby beaches. We regularly saw birds that may
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Fig. 1. The frequency of newly captured, recaptured, and dead hatchling Diamond-backed Terrapins (Malaclemys terrapin) in Fall 2006. New
captures are indicated in black, recaptures in white, and dead hatchlings in gray.

Fig. 2. The frequency of newly captured, recaptured, and dead hatchling Diamond-backed Terrapins (Malaclemys terrapin) in Spring 2007.
New captures are indicated in black, recaptures in white, and dead hatchlings in gray.
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have been predators of hatchling M. terrapin (e.g., L. atricilla;
Herring Gulls (Larus argentatus Pontoppidan, 1763); Ring-
Billed Gulls (Larus delawarensis Ord, 1815); Great Blue Her-
ons (Ardea herodias L., 1758); N. nycticorax; Yellow-Crown
Night Herons (Nyctanassa violacea (L., 1758)); Fish Crows
(Corvus ossifragus Wilson, 1812)) in the study area; however,
we never witnessed avian predation on hatchling M. terrapin.

Discussion

Capture rate patterns
We caught more hatchling M. terrapin, both initial cap-

tures and recaptures, in fall 2006 and 2007 than in either
spring sampling season. This is probably because most hatch-
lings emerged from their nests in the fall rather than spring,
and with placement of drift fences near nesting areas, we
captured hatchlings as they emerged and moved away from
nests. This is the same pattern observed by National Park
Service personnel (Fig. 5). Hatchling M. terrapin rarely over-
winter in the nest at RB (Ultsch 2006), but this pattern may
be different at different locations (Baker et al. 2006). In the
spring seasons, there also may have been fewer hatchlings
owing to overwintering mortality and (or) they may have dis-
persed so they evaded our drift fences. We found the greatest
numbers of hatchlings in all four field seasons in the same
areas that had the highest density of nests of M. terrapin at
RB (R.L. Burke, unpublished data).

Postemergent movement patterns
We found that RB hatchling M. terrapin had a consistent

pattern: in the fall, substantial numbers of hatchlings (55%–
64%) moved away from water, whereas in spring, most
(68%–80%) moved towards water (Fig. 6). Similarly Roosen-
burg et al. (2009) reported hatchling M. terrapin captured
from natural nests and released into the water in September
and October returned to land and sought higher ground. But-
ler et al. (2004) found that 93% (n = 172) of crawl trails of
postemergent M. terrapin headed in the direction of terres-
trial vegetation or an adjacent salt marsh and not to the
nearby open water. Draud et al. (2004) radio-tracked eight
hatchling M. terrapin that remained on land after hatching at
least through October. Burger (1976) found that hatchling
M. terrapin, both in laboratory and field conditions, moved
up or along unvegetated slopes to vegetation as a refuge, re-
gardless of direction. Lovich et al. (1991) also found that
hatchling M. terrapin avoided open water and burrowed into
wrack. However, none of these studies tracked a substantial
number of naturally incubated hatchling M. terrapin over a
significant period of time; therefore, it has been unclear
whether their results were artifacts of manipulation, small
samples, or temporary microhabitat choices.
Hatchlings of most aquatic Emydidae move towards water

after emergence (Anderson 1958, Ehrenfeld 1979) and subse-
quently are found in shallow water (Hart 1983; Pluto and
Bellis 1986; Buhlmann and Vaughan 1991; Congdon et al.
1992). Although this life-history stage is poorly studied in
many species, some freshwater Emydidae do not move di-
rectly to water but spend considerable time on land before
arriving at water (Moll and Legler 1971; Castellano et al.
2008; Linck and Gillette 2009). The combination of data

Fig. 3. The frequency of newly captured, recaptured, and dead hatchling Diamond-backed Terrapins (Malaclemys terrapin) in Fall 2007. New
captures are indicated in black, recaptures in white, and dead hatchlings in gray.

656 Can. J. Zool. Vol. 90, 2012

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

R
 B

ur
ke

 o
n 

06
/1

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



from previous studies and our data provide strong evidence
that hatchling M. terrapin often do not move directly to water
after fall emergence from their nests.

Overwintering behaviour
Our seasonal movement data and the fact that we recap-

tured 18 hatchling M. terrapin on land in spring that we had
initially caught on land in the previous fall is the strongest
evidence yet that hatchling M. terrapin regularly overwinter
terrestrially outside the nest (TON). We suspect this is an
underestimate of the number of hatchling M. terrapin that
TON, because others might easily have circumvented our
drift fences or were predated on land. It is not clear what se-
lective advantages may accrue with TON relative to overwin-
tering in the proven safety of overwintering in the nest (TIN),
but in 2011, 6 of 35 RB nests of M. terrapin containing
hatchlings were destroyed by a powerful hurricane (R.L.
Burke, unpublished data), whereas other hatchlings that had
already emerged and moved upland were safe. Hurricanes oc-
cur regularly along the US Atlantic coast during the incuba-
tion and emergence seasons of M. terrapin, and may be an
important selective force. A possible disadvantage of TON is
greater exposure to predation, both while moving and while
in overwintering sites. Terrestrial movements from the nest
may also increase the risk of desiccation (Kolbe and Janzen
2002). Although TON probably occurs throughout tortoises,
among Emydidae, TON is known only in some populations

of T. carolina (Burke and Capitano 2012) and may occur in
E. blandingii (Butler and Graham 1995; Linck and Gillette
2009).
One possible benefit of TON over TIN is the opportunity

to feed and grow. For example, Castellano et al. (2008) and
Tuttle and Carroll (2005) observed hatchling G. insculpta
feeding on land soon after emerging from nests in the fall,
and Kinneary (2008) found that hatchling M. terrapin fed on
land, unlike most aquatic turtles. Contrary to our expecta-
tions, most of hatchling M. terrapin with appropriate recap-
ture data were either unchanged or decreased in size; we
detected significant decreases in both plastron and carapace
lengths. Without presenting data, Hay (1917) also reported
that hatchling M. terrapin were lighter and smaller in the
spring than they were when newly emerged in the fall. In
contrast, TIN seems more favourable for hatchling growth
than TON. Roosenburg and Sullivan (2006) found hatchling
M. terrapin that overwintered in the nest did not differ in
plastron length from fall emerged hatchlings, and DePari
(1996) reported that in C. picta, TIN resulted in increased
hatchling sizes.
The body size shrinkage that we observed may have been

due to desiccation, instead of or in addition to metabolism of
food reserves. Such shrinkage has been reported in tortoises:
hatchling Agassiz’s Desert Tortoise (Gopherus agassizii
(Cooper, 1861)) shrank dramatically during a long drought
(K.J. Field, personal communication; as cited in Field et al.

Fig. 4. The frequency of newly captured, recaptured, and dead hatchling Diamond-backed Terrapins (Malaclemys terrapin) in Spring 2008.
New captures are indicated in black, recaptures in white, and dead hatchlings in gray.
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2007); however, the shrinkage was reversed with access to
water. Loehr et al. (2007) found that straight carapace length,
shell height, and shell volume, as well as shell width and
plastron length, of both juvenile and adult Speckled Padloper
Tortoises (Homopus signatus (Gmelin, 1789)) also shrank.
Although shrinking occurred in all 4 years of Loehr et al.’s
(2007) study, the greatest number of shrinking individuals
was during a drought.

Surviving winter conditions
Hatchling M. terrapin appear to be adapted to terrestrial

overwintering in temperate zones because they can both
supercool and tolerate freezing, depending on specific condi-
tions. While frozen, hatchling M. terrapin survived exposure
to –2.5 °C for at least 7 days, but none were able to survive
after being frozen at –2.5 °C for 12 days (Baker et al. 2006).
Hatchling M. terrapin also can supercool; in the absence of
ice-nucleating agents, hatchling M. terrapin remained unfro-
zen to –15 °C (Baker et al. 2006). However, hatchling M. ter-
rapin are highly susceptible to inoculation from ice or ice-
nucleating agents in the environment (Baker et al. 2006) and
this can reduce supercooling capability by 8–10 °C and force
freezing (Costanzo et al. 2000, 2003). Packard and Packard
(2003) suggested that for freeze tolerance to be a successful
overwintering strategy, hatchlings must not be exposed to

temperatures below –3 °C for more than 24 h. During winter
2006, we found the coldest RB air temperature was –13 °C
and mean minimum air temperatures reached –6, –8, –9, and
–10 °C for periods of 2–6 days. Unfortunately, we are unable
to report the temperatures experienced by overwintering
hatchling M. terrapin. We observed that RB hatchlings
moved towards upland vegetated habitats with thin leaf litter
layers over sandy soils, but the relationship between air tem-
perature and ground temperature is unknown.

After the first winter
Although we detected significant movement of hatchling

M. terrapin towards water each spring, we did not recapture
all hatchlings that we observed moving in the opposite direc-
tion in previous fall seasons. Some may have stayed on land
later in the spring. National Park Service personnel observed
terrestrially active hatchlings nearly year-round, suggesting
that some hatchlings stay on land after their first winter. Ru-
lison (2009) found hatchling M. terrapin remains in the scats
of a RB P. lotor in July, and because RB P. lotor are mostly
terrestrial foragers (R.L. Burke, personal observation), this
suggests that the hatchling M. terrapin was on land long after
emergence. Pitler (1985) found 12 juvenile M. terrapin
(lengths 25–75 mm) in New Jersey from May to October,
hiding under surface debris and vegetation as much as 91 m

Fig. 5. The frequency of hatchling Diamond-backed Terrapins (Malaclemys terrapin) observed by National Park Service employees by month
from 1979 to 1992.
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from water’s edge. Four of these were found in June and five
in July, outside the normal periods for either fall or spring
emergence. Similarly, we recaptured one hatchling M. terrapin
on land 9 months after fall emergence. These observations in-
dicate that some M. terrapin may remain on land past their
first spring.

Environmental conditions and hatchling activity patterns
We found that hatchlings were more likely to move on

days with relatively high minimum and mean (but not maxi-
mum) air temperatures in the fall seasons (as did Keller et al.
(1997) for Spur-thighed Tortoises (Testudo graeca L., 1758),
but we found no such movement patterns in spring seasons.
We cannot explain this result, but the weather data that we
used were collected with temperature sensors approximately
154 cm from the ground, which probably differs from condi-
tions experienced by hatchlings. The effects of temperature
may also be modified by moisture and sunlight.
In contrast to our hypothesis, we found that hatchling

M. terrapin traveled most commonly on days with no precip-
itation. Terrestrial movements by hatchling G. insculpta were
more likely to occur during rainy weather, suggesting that
rainfall may help hatchlings minimize desiccation during
movement (Tuttle and Carroll 2005). It is possible that RB
substrate conditions are damp enough to make desiccation

unlikely throughout most of the activity season. We found
numerous hatchlings resting under wrack in all four field sea-
sons. Wrack lines can retain moisture during the day and
maintain heat during evening, provide food resources, and of-
fer protection from predators (Pitler 1985; Lovich et al.
1991). However, wrack lines at RB are highly transient and
could not provide stable long-term refuges.

Mortality owing to predation
Two of the predators (O. quadrata and V. vulpes) reported

to eat hatchling M. terrapin elsewhere (Burger 1976, 1977;
Arndt 1991, 1994; Zimmerman 1992; Butler et al. 2004) do
not occur on RB. Procyon lotor are major predators of eggs
of M. terrapin at RB and elsewhere through their range (Bur-
ger 1977; Roosenburg and Place 1995; Feinberg and Burke
2003; Butler et al. 2004), but predation by P. lotor on hatch-
ling M. terrapin has only been reported by Rulison (2009).
We did not observe P. lotor predating hatchling M. terrapin
at RB, but they probably ate hatchling M. terrapin whole
and did not leave carcasses. We frequently observed tracks
of P. lotor close to drift fences and it is possible that they
removed some hatchlings from our pitfall traps.
Non-native R. norvegicus are terrestrial predators of hatch-

ling M. terrapin elsewhere (Draud et al. 2004), and R. norve-
gicus were trapped at RB by Rulison (2009). Draud et al.’s

Fig. 6. The percentages of hatchling Diamond-backed Terrapins (Malaclemys terrapin) caught each season moving away from the shoreline
(black bars) and moving towards the shoreline (white bars).
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(2004) descriptions of predation by R. norvegicus on car-
casses of hatchling M. terrapin matched 26 (60%) of the
dead hatchling M. terrapin that we found. Rattus norvegicus
are relatively recent invaders of habitat of M. terrapin and
may be dramatically reducing hatchling survivorship.
Although R. norvegicus are widespread and abundant in the
United States, R. norvegicus eradication from islands such as
RB is achievable (Howald et al. 2007).
Leucophaeus atricilla and N. nyctiora predate hatchling

M. terrapin elsewhere (Burger 1976), and Red-Winged
Blackbirds (Agelaius phoeniceus (L., 1766)) and Common
Grackles (Quiscalus quiscula (L., 1758)) also predate young
turtles (Janzen et al. 2000). All four species occur at RB but
we never saw these birds near our equipment or foraging in
areas where we knew hatchlings were present. They may
only be important predators when hatchlings are congregated
as they are emerging from nests.
The early life-history stages for turtles are characterized by

high mortality (Wilbur and Morin 1988, but see Pike et al.
2008), especially owing to predation. However, far less is
known about predation on turtle hatchlings than predation on
eggs and nests. It is difficult to determine the cause of death
of turtle hatchlings found in the field (e.g., Butler and Sowell
1996), as many predators leave similar signs, or no carcass at
all, and one predator may kill a hatchling and another may
scavenge it. DNA scatology (Dalén et al. 2004; Gompper et
al. 2006) will probably be necessary to confirm most preda-
tors of turtle hatchlings. Iverson’s (1991) multispecies com-
parison found that turtle hatchlings in terrestrial environments
had generally lower predation rates than those in aquatic envi-
ronments. Nearshore marine habitats, such as those available
to hatchling M. terrapin, may be high predation-risk environ-
ments (Whelan and Wyneken 2007). If some hatchling M. ter-
rapin choose terrestrial habitats and others choose aquatic
habitats, they would provide an excellent opportunity to eval-
uate Iverson’s (1991) conclusions within a single species.

Limitations of drift fences and pit falls
Drift fences with pit falls are used commonly to survey

herpetofauna (e.g., Dodd 1991; Kolbe and Janzen 2002;
Todd et al. 2007). Drift fences are less reliable if target spe-
cies routinely climb over or under fences. Hay (1917) re-
ported that hatchling M. terrapin are capable of climbing
over a concrete wall 91 cm; we saw hatchlings attempt to
climb our 13 cm aluminum flashing strips without success.
We also made sure that all drift fences were securely pushed
into the sand to prevent hatchlings from crawling underneath,
but we may have underestimated hatchling movements.

Management implications
Many turtle conservation programs devote considerable re-

sources to nest protection, which may greatly increase egg
survival. However, hatchling survivorship and habitat selec-
tion are poorly known in nearly all turtle species. Our study
shows that hatchling M. terrapin overwinter on land near
their nests, where they are exposed to a suite of terrestrial
predators. It is unclear whether increasing egg survival would
increase recruitment into the adult population, it may instead
simply provide more hatchlings for terrestrial predators. We
suggest that conservation programs of M. terrapin should in-
clude more research devoted to understanding sources of

mortality while on land, management of overwintering habi-
tat and terrestrial predators such as P. lotor and R. norvegi-
cus, and should determine whether avian predators are
important on a site-by-site basis.

Acknowledgements
We appreciate generous assistance from L.R. Baird,

N. Chodkowski, G. Felling, E.E. Horn, A. Lewis,
B. McGuire, P. Muller, C.C. Peterson, E. Rulison, J. Thrasher,
B. Trees, A. Trotta, J.D. Williams, and the extraordinary Ja-
maica Bay Wildlife Refuge staff, especially R. Cook. K.A.M.
was supported by a grant from the Western New York Herpe-
tological Society. This manuscript was greatly improved by
comments from two anonymous reviewers.

References
Anderson, P.K. 1958. The photic response and water approach

behavior of hatchling turtles. Copeia, 1958(3): 211–215. doi:10.
2307/1440589.

Arndt, R.G. 1991. Predation on hatchling diamondback terrapin,
Malaclemys terrapin (Schoepff), by the ghost crab, Ocypode
quadrata (Fabricius). Fla. Sci. 54: 215–217.

Arndt, R.G. 1994. Predation on hatchling diamondback terrapin,
Malaclemys terrapin (Schoepff), by the ghost crab, Ocypode
quadrata (Fabricius). II. Fla. Sci. 57: 1–5.

Auger, P.J., and Giovannone, P. 1979. On the fringe of existence,
Diamondback terrapins at Sandy Neck. Cape Naturalist, 8: 44–58.

Baker, P.J., Costanzo, J.P., Herlands, R., Wood, R.C., and Lee, R.E.,
Jr. 2006. Inoculative freezing promotes winter survival in
hatchling diamondback terrapin, Malaclemys terrapin. Can. J.
Zool. 84(1): 116–124. doi:10.1139/z05-183.

Beaupre, S.J., Jacobson, E.R., Lillywhite, H.B., and Zamudio, K.
2004. Guidelines for the use of live amphibians and reptiles in
field and laboratory research. American Society of Ichthyologists
and Herpetologists. Available from http://www.asih.org/files/hacc-
final.pdf [accessed 12 October 2005].

Buhlmann, K.A., and Vaughan, M.R. 1991. Ecology of the turtle
Pseudemys concinna in the New River, West Virginia. J. Herpetol.
25(1): 72–78. doi:10.2307/1564797.

Burger, J.J. 1976. Behavior of hatchling diamondback terrapins
(Malaclemys terrapin) in the field. Copeia, 1976(4): 742–748.
doi:10.2307/1443457.

Burger, J.J. 1977. Determinants of hatchling success in diamondback
terrapin, Malaclemys terrapin. Am. Midl. Nat. 97(2): 444–464.
doi:10.2307/2425108.

Burke, R.L., and Capitano, W. 2012. Eastern box turtle, Terrapene
carolina, neonate ecology on Long Island, New York. Chelonian
Conserv. Biol. 10(2): 256–259. doi:10.2744/CCB-0855.1.

Butler, B.O., and Graham, T. 1995. Early post-emergent behavior and
habitat selection in hatchling Blanding’s turtles, Emydoidea
blandingii, in Massachusetts. Chelonian Conserv. Biol. 1: 183–196.

Butler, J.A., and Sowell, S. 1996. Survivorship and predation of
hatchling and yearling gopher tortoises, Gopherus polyphemus. J.
Herpetol. 30(3): 455–458. doi:10.2307/1565195.

Butler, J.A., Bowman, R.D., Hull, T.W., and Sowell, S. 1995.
Movements and home range on hatchling and yearling gopher
tortoises, Gopherus polyphemus. Chelonian Conserv. Biol. 1:
173–180.

Butler, J.A., Broadhurst, C., Green, M., and Mullin, Z. 2004. Nesting,
nest predation and hatchling emergence of the Carolina diamond-
back terrapin, Malaclemys terrapin centrata, in northeastern
Florida. Am. Midl. Nat. 152(1): 145–155. doi:10.1674/0003-
0031(2004)152[0145:NNPAHE]2.0.CO;2.

660 Can. J. Zool. Vol. 90, 2012

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

R
 B

ur
ke

 o
n 

06
/1

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Castellano, C.M., Behler, J.L., and Ultsch, G.R. 2008. Terrestrial
movements of hatchling wood turtles (Glyptemys insculpta) in
agricultural fields in New Jersey. Chelonian Conserv. Biol. 7(1):
113–118. doi:10.2744/CCB-0677.1.

Congdon, J.D., Gotte, S.W., and McDiarmid, R.W. 1992. Ontogenetic
changes in habitat use by juvenile turtles, Chelydra serpentina and
Chrysemys picta. Can. Field-Nat. 106: 241–248.

Costanzo, J.P., Iverson, J.B., Wright, M.F., and Lee, R.E. 1995. Cold
hardiness and overwintering strategies of hatchlings in an
assemblage of northern turtles. Ecology, 76(6): 1772–1785.
doi:10.2307/1940709.

Costanzo, J.P., Litzgus, J.D., Iverson, J.B., and Lee, R.E. 2000. Ice
nuclei in soil compromise cold hardiness of hatchling painted
turtles, Chrysemys picta. Ecology, 81: 346–360.

Costanzo, J.P., Litzgus, J.D., Larson, J.L., Iverson, J.B., and Lee,
R.E., Jr. 2001. Characteristics of nest soil, but not geographic
origin, influence cold hardiness of hatchling painted turtles. J.
Therm. Biol. 26(1): 65–73. doi:10.1016/S0306-4565(00)00028-0.
PMID:11070346.

Costanzo, J.P., Baker, P.J., Dinkelacker, S.A., and Lee, R.E., Jr. 2003.
Endogenous and exogenous ice-nucleating agents constrain super-
cooling in the hatchling painted turtle. J. Exp. Biol. 206(3): 477–
485. doi:10.1242/jeb.00112. PMID:12502768.

Costanzo, J.P., Lee, R.E., Jr., and Ultsch, G.R. 2008. Physiological
ecology of overwintering in hatchling turtles. J. Exp. Zool. A Ecol.
Genet. Physiol. 309A(6): 297–379. doi:10.1002/jez.460. PMID:
18484621.

Dalén, L., Götherström, A., and Angerbjörn, A. 2004. Identifying
species from pieces of faeces. Conserv. Genet. 5(1): 109–111.
doi:10.1023/B:COGE.0000014060.54070.45.

DePari, J.A. 1996. Overwintering in the nest chamber by hatchling
painted turtles, Chrysemys picta, in northern New Jersey.
Chelonian Conserv. Biol. 2: 5–12.

Dinkelacker, S.A., Costanzo, J.P., Iverson, J.B., and Lee, R.E., Jr.
2005a. Survival and physiological responses of hatchling Bland-
ing’s turtles (Emydoidea blandingii) to submergence in normoxic
and hypoxic water under simulated winter conditions. Physiol.
Biochem. Zool. 78(3): 356–363. doi:10.1086/430221. PMID:
15887082.

Dinkelacker, S.A., Costanzo, J.P., and Lee, R.E., Jr. 2005b. Anoxia
tolerance and freeze tolerance in hatchling turtles. J. Comp.
Physiol. B Biochem. Syst. Environ. Physiol. 175(3): 209–217.
doi:10.1007/s00360-005-0478-0. PMID:15739066.

Dodd, C.K., Jr. 1991. Drift fence-associated sampling bias of
amphibians as a Florida sandhills temporary pond. J. Herpetol.
25(3): 296–301. doi:10.2307/1564587.

Draud, M., Bossert, M., and Zimnavoda, S. 2004. Predation on
hatchling and juvenile diamondback terrapins (Malaclemys
terrapin) by the Norway rat (Rattus norvegicus). J. Herpetol.
38(3): 467–470. doi:10.1670/29-04N.

Ehrenfeld, D.W. 1979. Behavior associated with nesting. In Turtles:
perspective and research. Edited by M. Harless and H. Morlock.
John Wiley and Sons, New York. pp. 417–434.

Ernst, C.H., and Lovich, J.E. 2009. Turtles of the United States and
Canada. Johns Hopkins University Press, Baltimore, Md.

Feinberg, J.A., and Burke, R.L. 2003. Nesting ecology and predation
of Diamondback Terrapins, Malaclemys terrapin, at Gateway
National Recreation Area, New York. J. Herpetol. 37(3): 517–526.
doi:10.1670/207-02A.

Field, K.J., Tracey, C.R., Medica, P.A., Marlow, R.W., and Corn, P.S.
2007. Return to the wild: translocation as a tool in conservation of
the Desert Tortoise (Gopherus agassizii). Biol. Conserv. 136(2):
232–245. doi:10.1016/j.biocon.2006.11.022.

Finkler, M.S., Knickerbocker, D.L., and Claussen, D.L. 2000.

Influence of hydric conditions during incubation and population
on overland movement of neonatal snapping turtles. J. Herpetol.
34(3): 452–455. doi:10.2307/1565369.

Gompper, M.E., Kays, R.W., Ray, J.C., Lapoint, S.D., Bogan, D.A.,
and Cryan, J.R. 2006. A comparison of noninvasive techniques to
survey carnivore communities in northeastern North America.
Wildl. Soc. Bull. 34(4): 1142–1151. doi:10.2193/0091-7648
(2006)34[1142:ACONTT]2.0.CO;2.

Gregory, P.T. 1982. Reptilian hibernation. In Biology of the Reptilia.
Vol. 13. Edited by C. Gans and F.H. Pough. Academic Press, New
York. pp. 53–154.

Hart, D.R. 1983. Dietary and habitat shift with size of red-eared
turtles (Pseudemys scripta) in a southern Louisiana population.
Herpetologica, 39: 285–290.

Hay, W.P. 1917. Artificial propagation of the diamondback terrapin.
Bull. U.S. Bur. Fish. 5: 1–21.

Howald, G., Donlan, C.J., Galván, J.P., Russell, J.C., Parkes, J.,
Samaniego, A., Wang, Y., Veitch, D., Genovesi, P., Pascal, M.,
Saunders, A., and Tershy, B. 2007. Invasive rodent eradication on
islands. Conserv. Biol. 21(5): 1258–1268. doi:10.1111/j.1523-
1739.2007.00755.x. PMID:17883491.

Iverson, J.B. 1991. Patterns of survivorship in turtles (order
Testudines). Can. J. Zool. 69(2): 385–391. doi:10.1139/z91-060.

Janzen, J.F., Tucker, J.K., and Paukstis, G.L. 2000. Experimental
analysis of an early life-history stage: avian predation selects for
larger body size of hatchling turtles. J. Evol. Biol. 13(6): 947–954.
doi:10.1046/j.1420-9101.2000.00234.x.

Keller, C., Diaz-Paniagua, C., and Andreu, A.C. 1997. Post-emergent
field activity and growth rates of hatchling spur-thighed tortoises,
Testudo graeca. Can. J. Zool. 75(7): 1089–1098. doi:10.1139/z97-
131.

Kinneary, J.J. 2008. Observation on terrestrial feeding behavior and
growth in diamondback terrain (Malaclemys) and snapping turtles
(Chelydra) hatchlings. Chelonian Conserv. Biol. 7(1): 118–119.
doi:10.2744/CCB-0671.1.

Kolbe, J.J., and Janzen, F.J. 2002. Experimental analysis of an early
life-history stage: water loss and migrating hatchling turtles.
Copeia, 2002(1): 220–226. doi:10.1643/0045-8511(2002)002
[0220:EAOAEL]2.0.CO;2.

Lazell, J.D., Jr., and Auger, P.J. 1981. Predation on diamondback
terrapin (Malaclemys terrapin) eggs by dunegrass (Ammophila
breviligulata). Copeia, 1981(3): 723–724. doi:10.2307/1444585.

Linck, M., and Gillette, L.N. 2009. Post-natal movements and
overwintering sites of hatchling Blanding’s turtles, Emydoidea
blandingii, in east-central Minnesota. Herpetol. Rev. 40: 411–414.

Loehr, V.J.T., Hofmeyr, M.D., and Heinen, B.T. 2007. Growing and
shrinking in the smallest tortoise, Homopus signatus signatus: the
importance of rain. Oecologia (Berl.), 153(2): 479–488. doi:10.
1007/s00442-007-0738-7. PMID:17453250.

Long, R.A., MacKay, P., Zielinski, W.J., and Ray, J.C. 2008.
Noninvasive survey methods for carnivores. Island Press,
Washington, D.C.

Lovich, J.E., Tucker, A.D., Kling, D.E., and Gibbons, J.W. 1991.
Behavior of hatchling diamondback terrapins (Malaclemys
terrapin) released in a South Carolina salt marsh. Herpetol. Rev.
22: 81–83.

McNeil, J.A., Herman, T.B., and Standing, K.L. 2000. Movement of
hatchling Blanding’s turtles (Emydoidea blandingii) in Nova
Scotia in response to proximity to open water: a manipulative
experiment. Chelonian Conserv. Biol. 3: 611–617.

Moll, E.O., and Legler, J.M. 1971. The life history of a neotropical
slider turtle, Pseudemys scripta (Schoepff), in Panama. Bulletin of
the Los Angeles County Museum of Natural History, 11: 1–102.

Morafka, D.J. 1994. Hatchlings: missing links in the life histories of

Muldoon and Burke 661

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

R
 B

ur
ke

 o
n 

06
/1

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



North American tortoises. In Biology of North American tortoises.
Edited by R.B. Bury and D.J. Germano. Wildl. Res. Rep. No. 13.
U.S. Department of Interior, Fish and Wildlife Service, Washing-
ton, D.C. pp. 161–173.

Nagle, R.D., Lutz, C.L., and Pyle, A.L. 2004. Overwintering in the
nest by hatchling map turtles (Graptemys geographica). Can. J.
Zool. 82(8): 1211–1218. doi:10.1139/z04-096.

Ner, S., and Burke, R.L. 2008. Direct and indirect effects of
urbanization on Diamondback Terrapins of New York City:
distribution and predation of terrapin nests in a human-modified
estuary. In Urban herpetology. Edited by J.C. Mitchell, R.E. Jung,
and B. Bartholomew. Herpetological Conservation. Vol. 3. Society
for the Study of Amphibians and Reptiles, Salt Lake City, Utah.
pp. 107–117.

Packard, G.C., and Packard, M.J. 2003. Natural freeze-tolerance in
hatchling painted turtles? Comp. Biochem. Physiol. A Mol. Integr.
Physiol. 134(2): 233–246. doi:10.1016/S1095-6433(02)00264-7.
PMID:12547253.

Pike, D.A., Pizzatto, L., Pike, B.A., and Shine, R. 2008. Estimating
survival rates of uncatchable animals: the myth of high juvenile
mortality in reptiles. Ecology, 89(3): 607–611. doi:10.1890/06-
2162.1. PMID:18459324.

Pitler, R. 1985. Malaclemys terrapin terrapin (Northern Diamond-
back Terrapin) behavior. Herpetol. Rev. 16: 82.

Pluto, T.G., and Bellis, E.D. 1986. Habitat utilization by the turtle,
Graptemys geographica, along a river. J. Herpetol. 20(1): 22–31.
doi:10.2307/1564121.

Roosenburg, W.M. 1991. Final report: the Chesapeake diamondback
terrapin investigations, 1991. Publ. No. 140. Chesapeake Research
Consortium, Solomons, Md.

Roosenburg, W.M. 1992. Life history consequences of nest site
choice by the diamondback terrapin, Malaclemys terrapin. Ph.D.
dissertation, University of Pennsylvania, Philadelphia, Pa.

Roosenburg, W.M. 1994. Nesting habitat requirements of the
diamondback terrapin: a geographic comparison. Wetlands J. 6:
9–12.

Roosenburg, W.M., and Place, A.R. 1995. Nest predation and
hatchling sex ratio in the diamondback terrapin: implications for
management and conservation. In Proceedings of the Chesapeake
Research Consortium: Towards a Sustainable Coastal Watershed:
The Chesapeake Experiment. Publ. No. 149. Chesapeake Research
Consortium, Solomons, Md. pp. 65–70.

Roosenburg, W.M., and Sullivan, S. 2006. Terrapin monitoring at
Poplar Island, 2005. Final Report Submitted to the Army Corps of
Engineers, Baltimore Office, Baltimore, Md.

Roosenburg, W.M., Graham, L.J., and Heckman, M.L. 2009. Terrapin

monitoring at Poplar Island, 2007. Final Report Submitted to the
Army Corp of Engineers, Baltimore Office, Baltimore, Md.

Rulison, E. 2009. Diet and demography of two problem species, the
northern raccoon (Procyon lotor lotor) and Norway rat (Rattus
norvegicus), at Jamaica Bay Wildlife Refuge, New York. M.S.
thesis, Hofstra University, Hempstead, N.Y.

Scholz, A.L. 2007. Impacts of nest site choice and nest characteristics
on emergence success in the Diamondback Terrapins of Jamaica
Bay, New York. M.S. thesis, Hofstra University, Hempstead, N.Y.

Seigel, R.A. 1980. Nesting habits of diamondback terrapins
(Malaclemys terrapin) on the Atlantic coast of Florida. Trans.
Kans. Acad. Sci. 83(4): 239–246. doi:10.2307/3628414.

Standing, K.L., Herman, T.B., Hurlburt, D.D., and Morrison, I.P.
1997. Postemergence behavior of neonates in a northern peripheral
population of Blanding’s turtle, Emydoidea blandingii, in Nova
Scotia. Can. J. Zool. 75(9): 1387–1395. doi:10.1139/z97-765.

Todd, B.D., Winne, C.T., Willson, J.D., and Gibbons, J.W. 2007.
Getting the drift: examining the effect of timing, trap type, and
taxon on herpetofaunal drift fence surveys. Am. Midl. Nat. 158(2):
292–305. doi:10.1674/0003-0031(2007)158[292:GTDETE]2.0.
CO;2.

Tuttle, S.E., and Carroll, D.M. 2005. Movements and behavior
of hatchling Wood Turtles (Glyptemys insculpta). Northeast Nat.
12(3): 331–348. doi:10.1656/1092-6194(2005)012[0331:
MABOHW]2.0.CO;2.

Ultsch, G.R. 2006. The ecology of overwintering among turtles:
where turtles overwinter and its consequences. Biol. Rev. Camb.
Philos. Soc. 81(03): 339–367. doi:10.1017/S1464793106007032.
PMID:16700968.

Ultsch, G.R., Draud, M., and Wicklow, B. 2007. Post-emergence
movements and overwintering of snapping turtle, Chelydra
serpentina, hatchlings in New York and New Hampshire. Can.
Field-Nat. 121: 178–181.

Walde, A.D., Baker, P.J., and Saumure, R.A. 2008. Glyptemys
insculpta (Wood Turtle) hatchling behavior. Herpetol. Rev. 39:
81–82.

Whelan, C.L., and Wyneken, J. 2007. Estimating predation levels and
site-specific survival of hatchling Loggerhead Seaturtles (Caretta
caretta) from south Florida beaches. Copeia, 2007(3): 745–754.
doi:10.1643/0045-8511(2007)2007[745:EPLASS]2.0.CO;2.

Wilbur, H.M., and Morin, P.J. 1988. Life history evolution in turtles.
In Biology of the Reptilia. Vol. 16. Edited by C. Gans and R.B.
Huey. Alan R. Liss, Inc., New York. pp. 387–439.

Zimmerman, T.D. 1992. Latitudinal reproductive variations of the salt
marsh turtle, the diamondback terrapin (Malaclemys terrapin).
M.S. thesis, University of Charleston, Charleston, S.C.

662 Can. J. Zool. Vol. 90, 2012

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

R
 B

ur
ke

 o
n 

06
/1

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


