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duration. This has also been found for green sea turtle
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© 2001 by Chelonian Research Foundation (Cheloniamyda$ eggs (Broderick et al., in press). More-
over, changes in temperature can produce large shifts in
Relative Importance of Thermal and incubation duration, anywhere from around 45 days to
Nonthermal Factors on the over 70 days (e.g., Dodd, 1988). In contrast, the largest

difference in incubation period as a result of changes in
water potential as cited by Steyermark (1999) is of the
order of 6 days. Hence, temperature plays a far more
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University of Toronto, Toronto, Ontario M5S 3G5 Canada found that egg temperature is lower than air ambient tem-
perature, presumably as a result of evaporative cooling of the

We indirectly estimated the time between hatching anéhcubation medium (Mrosovsky, 1988; Mrosovsky et al.,
emergence from the nest of loggerhead sea tu@tle®fta 1992; Godfrey, 1997; Marcovaldietal., 1997; Godfrey et al.,
carettd by comparing incubation rates of eggs incubated999). However, for most studies that measured hydric
naturally on beaches and artificially in the laboratory (Godfreyenvironment, the researchers reported only the ambient air
and Mrosovsky, 1997). By measuring the difference itemperature. It may be the case that wetter incubation
incubation duration of groups of eggs or nests that producezbnditions lead to longer incubation times of eggs partly
similar sex ratios in both laboratory and field conditions, webecause there is more evaporative cooling of the eggs, as
estimated that on average 4.1 days are spent by loggerheadsnpared to drier substrates. Indeed, in one study which
in the sand before emerging onto the beach. Steyermasctually measured evaporation of the substrate on which the
(1999) called into question the validity of our estimateseggs were incubating, the wettest substrates had the highest
Using several examples from the literature on laboratoryates of evaporation (Appendix in Packard et al., 1987).
incubation of freshwater and loggerhead sea turtle eggblevertheless, our estimate of hatching to emergence interval
Steyermark pointed out that differences in the water poterwas based on sex ratios of the hatchlings produced by the
tial of the incubation medium (sand, vermiculite, etc.) wereeggs, not temperature, which helped us avoid the difficulties
associated with differences in incubation period, even wheaf differentiating between egg temperature and ambient
ambient air temperatures were not varied (e.g., Morris et alincubation temperature.

1983; McGehee, 1990). The implication was that differ-  Our interest in studying the hatching to emergence
ences in moisture levels of the incubation medium may havieterval arose from the need of an appropriate value in our
affected the incubation periods, independent of differencemethod of indirectly estimating sex ratios of hatchlings.

in incubation temperature. Simply put, because incubation duration changes predict-

We agree that the incubation environment is composedbly with incubation temperature, we have developed a
of many nonthermal variables which may influence themethod by whichincubation durations can be used to predict
incubation period, but we disagree with Steyermark’s assesex ratios of nests (e.g., Marcovaldi et al., 1997). Because
tion that we implicitly assumed that “only incubation tem-incubation duration is easily monitored on nesting beaches
perature (which affects sex ratio) affects incubation duraand these data have already been collected for many years in
tion.” This is not correct. For example, we recognized thasome places, the method has the potential to rapidly increase
changes in oxygen partial pressures can alter the incubationr knowledge ohatchling sex ratios. If we had used an
period, although our measurements suggested that they anappropriate value of the hatching to emergence inter-
not animportant factor in our laboratory experimentsval, as Steyermark suggests, then our estimates of sex
(Godfrey and Mrosovsky, 1997). The main issue is notatio should be wrong. However, a limited validation of
whether nonthermal factors can affect incubation durathe method to estimate sex ratios suggests that our value
tion, but rather what their importance is relative tofor the hatching to emergence interval is reliable
temperature. (Mrosovsky et al., 1999).

From our work, we have shown that there is a strong These points reinforce our view that incubation tem-
relationship between incubation duration and incubatiomperature is more important than water potential in its effect
temperature (Godfrey and Mrosovsky, 1997). Indeed, fronon incubation duration and sex ratio in marine turtles.
our fitted curves, the coefficients of determinaticrv@l-  However, we also recognize that nonthermal factors may
ues) suggest that temperature (as indicated by sex ratialso play an important role. Our method of estimating sex
accounts for more than 75% of the variance in incubationatio from incubation duration does not assume that
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nonthermal factors have no impact; indeed, there remainsindirect estimates. Ph.D. Thesis, University of Toronto.
some 25% othe variance in incubation duration unac- GooFrey, M.H. anD Mrosovsky, N. 1997. Estimating the time

counted for by our measure of incubation temperature. between hatching of sea turtles and their emergence from the

But we have assumed that these nonthermal factors a(rBe”ESt' Chelonian Conservation and Biology 2:581-585.

relatively similar for eggs incubating on the natural ODFREY, M.H., D'Amato, A.F., Marcovaol, M.A., Ano

ina b h in the lab | h f Mrosovsky, N. 1999. Pivotal temperatures and predicted sex
nesting beaches or in the laboratory, at least enough 1or oqq of hatchling hawksbill turtles from Brazil. Can. J. Zool.

us to derive first-order estimates on sex ratio of sea turtle 77.1465.1473.
hatchlings. MarcovaLbl, M.A., Goprrey, M.H., AND MRosovsky, N. 1997.

In this context, we welcome Steyermark’s cautions Estimating sex ratios of loggerhead turtles in Brazil from pivotal
about water potential and any ideas on deriving more accu- incubation durations. Can. J. Zool. 75:755-770.
rate estimates on the hatching to emergence interval, McGeres M.A. 1990. Effects of moisture on eggs and hatchlings
variable that has received relatively little attention. We also gggggerhead seaturtlgsdretta carettq Herpetologica 46:251-
invite researchers to work together to develop standardiz .

. . . . 9 . . P %\(/?ORRIS, K.A., Packarp, G.C., BbarpmAN, T.J., RuksTis, G.L.,AND

techniques in studies involving the incubation of turtle eggs,

. "' Packarp, M.J. 1983. Effect of the hydric environment on growth
as a means to not only reduce the influence of confounding ¢ embryonic snapping turtlesChelydra serpenting

factors, but also to facilitate rigorous comparison among perpetologica 39:272-285.
different studies (Girondot, 1999). Mrosovsky, N. 1988. Pivotal temperatures for loggerhead turtles
(Caretta carettq from northern and southern nesting beaches.
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