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The amount of water available during incubation,
both from maternally- (Finkler, 1997; Finkler and
Claussen, 1997) and environmentally-derived sources
(Packard et al., 1977; Packard and Packard, 1988; Pack-
ard, 1991) has a profound influence on embryonic de-
velopment. Differences in the amount of water avail-
able to the developing embryo likely impact cardio-
vascular function and the rate of nutrient delivery to
the embryo, which in turn influence metabolism,
growth, and developmental rate (Packard, 1991). Com-
pared to hatchlings that experience drier conditions
during incubation, those from eggs incubated under
moist conditions tend to have longer incubation peri-
ods, have larger body masses and carapace lengths,
have increased water contents, and have less yolk re-
maining in their yolk sacs at hatching (Packard, 1991).

Although the influence of moisture on embryonic
development has been examined extensively, data on
its importance to the fitness of the resultant hatchlings
are lacking (Janzen, 1993). Most studies that have ex-
amined long-term effects of incubation moisture on
hatchling growth and performance (e.g., Brooks et al.,
1991; Miller, 1993) have done so under controlled lab-
oratory conditions (constant temperature, etc.) as op-
posed to conditions more analogous to those experi-
enced in the field. Thus, there is some question as to
whether increased moisture during incubation confers
long-term benefits to hatchlings under natural condi-
tions.

In addition, it is unclear whether migratory behav-
ior is similar among hatchlings from populations in-
habiting different climatic regions within the species’
range. Given the wide range of Chelydra serpentina
(Ernst et al, 1994), it is possible that differences in
migratory behavior (time of nest emergence, rate of
movement, periods of activity) could exist among
populations that reflect the environmental conditions
prevalent in their respective locales. However, direct
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comparisons of migratory behavior among hatchlings
from different populations under like environmental
conditions have not been conducted.

In the present study, we tested the effects of incu-
bation moisture on movement and microhabitat selec-
tion of hatchling snapping turtles during a simulated
nest exodus. We collected snapping turtle eggs from
populations in southeastern Michigan and northcen-
tral Nebraska and reared the eggs under wet and dry
incubation conditions. We then tracked the movements
of week-old hatchlings over a four-day period follow-
ing release in the center of a large field enclosure. We
tested two a priori hypotheses: (1) that dry-incubated
hatchlings would tend to restrict their movement to
areas with more ground cover than would wet-incu-
bated hatchlings, and (2) that wet-incubated hatch-
lings would travel farther on a daily basis than would
dry-incubated hatchlings. In addition, we examined
potential differences in migratory behavior between
the two populations.

We collected six clutches of eggs (clutch size 15-35
eggs) in the vicinity of Pickney, Livingston County,
Michigan (42.5°N, 84.5°W) between 13 June and 17
June 1997. Six additional clutches of eggs (clutch size
44-58 eggs) were also collected in the vicinity of the
Valentine National Wildlife Refuge, Cherry County,
Nebraska (42.5°N, 100.5°W) on 15 June and 16 June
1997. Climatic conditions tend to be wetter in Michi-
gan than in Nebraska during the typical nest emer-
gence period of August through October (Ernst et al.
1994), with an average of 7.54 cm total monthly pre-
cipitation in Southern Michigan compared to an av-
erage of 4.12 cm total monthly precipitation in North-
central Nebraska (NOAA-CIRES Climate Diagnostics
Center, 1996).

Eggs were kept cool in moistened vermiculite until
return to the laboratory (within five days of collec-
tion), whereupon eggs in each clutch were randomly
assigned to either a high-moisture incubation treat-
ment (Wet), with a nest substrate water potential of
—150 kPa, or a low-moisture treatment (Dry) with a
water potential of —850 kPa. Eggs in each treatment
were assigned randomly to one of four aluminum
pans holding a vermiculite substrate of the appropri-
ate water potential based on values provided in Morris
et al. (1983), and one pan of each substrate was placed
into a Hova Bator 2362N incubator (GQE Inc.) and
incubated at 30 * 0.5 C. Eggs were weighed weekly
during incubation, and enough water was added to
the vermiculite substrates each week to replace the
amount of mass lost via evaporation and/or uptake
by the eggs, thus maintaining the water potential of
the vermiculite substrates. Pans were rotated among
the four incubators each week.

Upon hatching, hatchlings were weighed, then
placed into individual 100 ml containers holding 50
ml vermiculite substrate from their nest containers.
Animals were kept within these containers until Day
7 post-hatching to simulate the period between hatch-
ing and nest emergence (Miller et al, 1987; Janzen,
1993). On Day 7, a subset of eight Michigan hatchlings
and seven Nebraska hatchlings from each incubation
treatment (with at least one hatchling representing
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FiG. 1. Layout of the 60 X 60 m enclosure used to
monitor movements and microhabitat selection of
hatchling turtles. Vegetational cover levels and respec-
tive visual obstruction reading (VOR) measurements
(mean *=SD) are as follow: white = Low (VOR = 1.8
+ 1.5 cm); gray = Medium (VOR = 84 = 4.1 cm);
black = High (VOR = 15.0 * 4.8 cm). X = release
point for the hatchlings. T = position of T, model. H
= position of relative humidity data logger.

each clutch used in the study) were selected and sac-
rificed. Their carcasses were dried to a constant mass
in a 60 C drying oven to determine the water contents
of the hatchlings. Though the majority of eggs suc-
cessfully completed incubation (77.7% and 78.8%
hatching for the Michigan and Nebraska eggs respec-
tively), most of the animals reared from each clutch
were scheduled for use in other experiments. For this
study, 11 Michigan hatchlings (four Dry and seven
Wet) and 15 Nebraska hatchlings (nine Dry and six
Wet) were available. No more than three individuals
from the same clutch and the same incubation treat-
ment were tested in the field, and not all clutches were
represented in both treatments, although a minimum
of three clutches were represented in each treatment.

The movements of hatchling turtles were tracked in
a 60 m X 60 m plot of goldenrod field surrounded by
26 cm high aluminum flashing and located at Miami
University’s Ecology Research Center in Butler Coun-
ty, Ohio. Vegetation in the plot was mowed in her-
ringbone strips to produce three different levels of
vegetational cover: Low, Medium, and High (Fig. 1).
Ground cover in each of the three vegetation levels
was quantified at the start of the study by obtaining
visual obstruction readings using the technique de-
scribed by Robel et al. (1970). Temperature and rela-
tive humidity in each vegetation level were monitored
over the course of the study with digital data loggers
(Onset Instruments) in conjunction with operative en-
vironmental temperature (T,) models constructed
from the carapaces of hatchling snapping turtles filled
with aluminum foil.

Hatchlings were released in the enclosure between
28 August and 2 September 1997. Using powder-trail-
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ing techniques similar to those described by Butler
and Graham (1993), the hatchlings were liberally coat-
ed with fluorescent powder (Radiant Color), then re-
leased within 2.0 m of the center of the enclosure at
approximately 0800 h on the day of release. Nightly,
the powder trails were followed with portable UV
light until either the hatchling was located or the trail
was lost. Total trail length, as well as the distance trav-
eled in each of the vegetational levels, was measured
with a 50 m tape measure nightly until (1) the hatch-
lings had reached the perimeter of the enclosure, (2)
the animal was lost, or (3) the animal had spent four
days in the enclosure.

Statistical analyses were conducted using SAS 6.12
(SAS Institute, 1989; 1996) and evaluated at an exper-
iment-wise error rate of a = 0.05. Average daily move-
ment was analyzed using mixed-model analyses of
covariance (ANCOVAs) conducted with PROC
MIXED. In this analysis, incubation treatment and
population were fixed effects, clutch was included as
a random effect (not included in the analysis sum-
maries in the results), and initial egg mass as a cov-
ariate. Preliminary analyses also included incubation
pan (nested within treatment) as a possible source of
variation, but as this variable did not significantly in-
fluence any of the models it was collapsed back into
the model in subsequent analyses. Pair-wise compar-
isons were conducted where appropriate using t-tests
of least-squares means (least-squares means tests) as-
sessed at a Bonferroni-adjusted pair-wise error rate of
a = 0.025. Differences in temperature and relative hu-
midity among the three levels of vegetational cover
were evaluated using one-way analyses of variance
(ANOVAs), with pair-wise differences ascertained via
Tukey HSD tests. In addition, the proportion of total
distance moved by the hatchlings within each of the
three vegetational levels was calculated for Nebraska
hatchlings. Differences between incubation treatments
were assessed within each vegetation level using a
mixed-model ANOVA with treatment as a fixed effect
and clutch as a random effect. Differences in the pro-
portional distance traveled among vegetation levels
were evaluated within each incubation treatment us-
ing a x? analysis.

Wet hatchlings were more massive at Day 7 post-
hatching (ANCOVA: F, ;, = 96.47, P < 0.0001) and had
greater total water contents (F, ;o = 91.80, P < 0.0001)
than their Dry counterparts. There was no difference
in either measure between the two populations (Day
7 mass: F 45 = 0.71, P = 0.419; water content: F,,, =
0.71, P = 0.414).

Average daily temperatures of the T, models during
the study period (Table 1) were lower in the High veg-
etational cover level than in other two available levels.
Mean relative humidity increased with increasing lev-
els of vegetational cover. Precipitation was minimal
during the period the hatchlings were in the enclo-
sure: no precipitation was recorded except for a single
0.08 cm recording on 3 September 1997.

Analysis of population and incubation treatment ef-
fects on average daily movement (Fig. 2) revealed a
significant interaction between population and incu-
bation treatment (ANCOVA: F, ,; = 10.91, P = 0.004).
Nebraska hatchlings in both treatments moved signif-
icantly greater distances than did their Michigan
counterparts (Dry hatchlings: P = 0.0034, Wet hatch-



