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conservation efforts, such as in situ nest protection, are
Chelonian Conservation and Biology, 2000.3(4):661-664 confounded by the thennal environment; this has been the
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case m our e lOrts to 0 ster recruItment m the threatened

D I tal Ab I ' t " population of Blanding's turtle in Nova Scotia. We report
eve opmen norma lIes m a , , the incIdence of developmental abnonnalltIes and hatcWmg

Northeastern PopulatIon of Blandmg's mortality in naturally incubated Blanding's turtle nests in

Turtle, Emydoidea blandingii Nova Scotia and provide explicit detail to facilitate compari-

i f sons with populations elsewhere.
!, K, LORRAINE STANDINGl, THOMAS B. HERMANl.3, Methods. -This study was conducted in Kejimkujik
I AND IAN P. MORRlSON2 National.Park, Nova Scotia, Canada, from 1994 to 1996.
j From nud-June to early July, all observed freshly laid
) I .Centre for Wildlife and Conservation Biology, Acadia Univer- Blandin~' s turtle nests were screened against predation and

~ sity, Wolfville, Nova Scotia, BOP 1XO Canada; left undIsturbed. In September and October, emergent
2Parks Canada, Kejimkujik National Park, Maitland Bridge, hatchlings were measured and weighed prior to their release

Annapolis County, Nova Scotia, BOT 1BO Canada; at the nest site. Once emergence appeared to have ceased,
3Corresponding Author for Reprint Requests nests were excavated (mid-September to early November),

[Fax: 902-585-1059; E-mail: tom.herman@acadiau.ca] and live hatcWings remaining in the nest cavity were re-
leased. Scute irregularities and other abnonnalities were

Blanding's turtle (Emydoidea blandingii) is a North recorded.
American freshwater species inhabiting a latitudinally nar-
row range centered on the Great Lakes (Graham et aI., 1987; Results
Ernst et aI., 1994; Hennan et aI., 1999). Although fossil and
archeological evidence suggest that the species was once Most abnonnalities that we observed in this study were
more widespread, the distribution's apparent eastward shift irregularities in carapacial scute fonnation and arrangement
is believed to reflect a response to post-glacial climate (Fig. 1). Within years, scute irregularities occurred in 6.9 to
change and concomitant habitat loss (Cahn, 1937; Preston,
1971; Jackson and Kaye, 1974; Kofron and Schreiber, 1985; @ @ @Hennan et aI., 1995). The northern boundary of the species'
range likely was, and still is, limited by thennal constraints
on incubation (Bleakney, 1958; Gutzke and Packard, 1987;
Hennan et aI., 1995).

Thennal conditions during incubation have well-docu-
mented effects in turtles and are known to influence, among
other things, incubation time, metabolism, sex, embryo liB @ ~mortality, hatching success, size at hatching, and post-
hatching growth, perfonnance, and survival (Y ntema, 1960,1968; Ewert, 1979; Bull and Vogt, 1979; Vogt and Bull, .

1982; Bull, 1985; Ewert, 1985; Gutzke and Packard, 1987;
Gutzke et aI., 1987; Packard and Packard, 1988; Servan et
al., 1989; Deeming and Ferguson, 1991; Ewert and Nelson,

.1991; Janzen 1993a,b, 1994; Bobyn and Brooks, 1994;
Lewis-Winokur and Winokur, 1995; Rhen and Lang, 1995). @ @ @Although extremes of both high and low temperatures can

f 11 influence development deleteriously, cool conditions are

probably most critical for north-temperate turtles inhabiting
the northern edge of their distribution. Eggs incubated under
cool conditions have a prolonged incubation period, and
hatcWings are less likely to complete development and
emerge from the nest before winter (Gutzke and Packard,
1987; Deeming and Ferguson, 1991; Ernst et aI., 1994). @ @ @Hatchling vigor is also reduced by cool incubation tempera-
tures (Gutzke and Packard, 1987; Gutzke et aI., 1987; Bobyn
and Brooks, 1994; Lewis-Winokur and Winokur, 1995;Rhen
and Lang, 1995), thereby reducing reproductive success.

Wildlife managers responsible for the protection and...th Figure I, A sample of carapacial scute abnonnalities observed in
recovery of v:ulnerable reptIle p~p~atIons occurrmg at e neonate Blanding's turtle, Emydoidea blandingii, in Kejimkujik
northern penphery of the specIes range may find that National Park, Nova Scotia, Canada.
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15.1)% of hatchlings. Several hatchlings exhibited poor comm.). The second hatchling with abnormal gait was exca-
coordination and partial paralysis, and edema, which vated on 6 October. It had no external deformities, but
may be indicative of neurological damage and organ appeared weak and lethargic. Similar to the case in the
failure. Between 2.7 and 13.1 % of hatchlings died within previous year, it used its head to raise its body before
the nest. positioning its legs.

1994 Season. -Seventeen nests were protected against An additional hatchling with carapacial scute deformi-
predation in 1994. Twenty-nine (18.5%) eggs failed to hatch ties was found 13 May 1996. It had been run over by a car
and 7 (6.9%) hatchlings were dead upon excavation. Of the near the site of a roadside nest from the previous year. We
7 (6.9%) hatchlings with scute irregularities, 1 was dead suspect that it had emerged from the nest in autumn 1995,
upon excavation. and overwintered in a nearby ditch.

Of the 6 hatchlings with scute anomalies that were alive 1996 Season. -Twenty-one nests were successfully
upon excavation (25-28 September), 2 had not fully emerged protected against predation in 1996, and 1 unscreened nest
from the egg, and 1 died in captivity two days after excava- was found during autumn emergence. In total, 11 of 22 nests .
tion.1n addition to having malformed carapacial scutes, the (50%) failed entirely, and 110 (49.5%) of all eggs failed to
latter was weak and displayed an abnormal gait. Placing its hatch. Unlike the previous 2 years, we attributed most egg
head on the ground it lifted its body, synchronously moving failure in 1996 to flooding.
its forelegs anteriorly. Its hind legs, though responsive to Fewer than 15% of the 107 hatchlings we observed in
stimuli (i.e., retracted when pinched), contributed little to 1996 emerged naturally from the nest. We excavated 60 live
walking and appeared partially paralyzed. hatchlings, 25 eggs that later hatched, and 14 dead hatchlings.

We also observed 2 abnormally shaped eggs from a We observed scute irregularities in 17 (15.9%) hatchlings,
single nest: 1 was bi-iobed in appearance, and the other was and 1 case of abnormal behavior.
unusually small « 1 cm in length). Neither showed signs of Of the 17 hatchlings with scute irregularities, 4 were
embryonic development. dead upon excavation (in a flooded nest), and 13 were alive

1995 Season. -Fifteen nests were successfully pro- upon excavation. One died in captivity four days after
tected against predation in 1995. Twenty-one (13.5%) eggs excavation, and 1 survived in captivity for 9 months. The
failed to hatch, and 3 (2.7%) hatchlings were dead upon latter was alert and active, but suffered severe deformities:
excavation. A total of 11 (10%) hatchlings observed had it was missing the hind-right section of the carapace, had
scute irregularities. Of these, 7 emerged naturally from the abnormal scute formations on the plastron and carapace, a
nest, 1 was dead upon excavation, and 1 was alive upon kinked tail, and the p1astral hinge was constricted on the
excavation. animal's right side (Fig. 2). The turtle lacked coordination

Two hatchlings exhibited abnormal gait in this year. and was partially paralyzed in the hind legs. In captivity, it
The fIrst, excavated on 19 September, had too few marginal had difficulty swimming and walking, and often became
scutes, was alert and active, but its hind legs were paralyzed. tangled in aquatic vegetation.
It survived in captivity for about 5 months (J. McNeil, pers. One unhatched egg contained a fully developed, dead,

miniature turtle (carapace length ca. 18.5 mm). Whereas
this egg was of normal shape and size, an unviable egg
from another clutch was unusually small (ca. 10 mm in

length).
We excavated one clutch on 5 October that contained 1

live hatchling (pipped but not completely emerged from the
egg), and 6 unhatched eggs that we incubated at room .

temperature. Five eggs hatched between 6 and 11 October.
All of the hatchlings had distended yolk sacs (ca. 10 mmdiameter), were weak and lethargic, and all died within 2 .

weeks.
On 8 October we excavated 10 eggs from another

clutch; the first neonate hatched in captivity on 12 Novem-
ber. Though all of the eggs hatched, the hatchlings had
difficulty emerging from their eggs, appeared weak and
edematous, lacking coordination, and all died within 6
weeks.

Discussion

The teratogenic effects of thermal stress during turtle
F. 2 S I d " d te BI d ' , turtl from a embryogeny are described by Ewert (1979) as ranging from

19ure .evere y elorme neona an mg s e
1996 clutch, prenatally lethal to postnatally benign. Most terata we ob-
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served were similar to those reported by Bleakney (1963): population are to be successful, this possibility must be taken
atypical shape, arrangement, and number of carapacial scutes. into consideration.
We have observed adult and juveniles in this population with
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gence survivorship or fitness, however, the incidence of thank the staff of Kejimkujik National Park and students
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, velopment and hatchlings that died shortly after emerging tion, J. McNeil and S. Mockford for their communica-
from the egg) suggests that some developmental abnormali- tions, and J.S. Boates, T. Graham, W. Gutzke, E.A.
ties arising in this population are lethal. McAskill, A. Rhodin, J. Zigouris, and the anonymous
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