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Temperature Dependence of Sexual ABSTRACT
leﬂ?ren-tlatlon in Sea TurtI.eS: Data on the effect of incubation temperature of the
Implications for Conservation eggs on sexual differentiation in turtles are briefly rei-

Practices vewed. Even a change of 1 to 2° C can make a consid-
erable difference to the sex ratio of the hatchlings.
Current conservation methods include incubation of
eggs in styrofoam boxes above ground, establishment
of central hatcheries, incubation in reduced clutch sizes,
and egg harvesting only during certain seasons. The
thermal aspects of these practices are analyzed in turn.
It is concluded that incubation of eggs in styrofoam
boxes runs the risk of masculinizing turtle populations
and that other practices may be affecting sex ratio in

" ways that cannot yet be specified. More work on this
problem is urgently needed before unevaluated meth-
ods become accepted procedures.

Introduction

Sexual differentiation of a number of turtle species is
affected by the incubation temperature of the eggs
(Figure 1). At higher temperatures there are more fe-
males, at lower temperatures more males and, at least
in the freshwater snapping turtle, Chelydra serpentina,
at still lower temperatures more females again. The
temperatures at which ratios between the sexes change
rapidly we will refer to as pivotal temperatures. For
the loggerhead sea turtle, Caretta caretta, the pivotal
temperature is about 30° C (Figure 1). The method of
sexing hatchlings of this species has been given by
Yntema and Mrosovsky (1980) and speculations about
the ultimate cause of having sexual differentiation de-
pendent on temperature, and some theoretical rami-
fications of this phenomenon, are being advanced else-
where (Mrosovsky, 1980). In this paper we are
concerned with the practical implications for those in-
volved in the conservation of sea turtles. Protecting
eggs during incubation sometimes entails temperatures
different from those prevailing in natural conditions.
Reprinted by permission from Biological Conservation (1980, vol. 18 We will consider in turn the thermal aspects and pos-
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Figure 1. Sex ratio in 2 species of freshwater turtle (Euro-
pean pond terrapin, Emys orbicularis, and snapping turtle,
Chelydra serpentina) and 1 species of sea turtle (loggerhead,
Caretta caretta) from eggs incubated at different tempera-
tures. Brackets show range of temperature prevailing. Star
marks a group transferred to 26°C after 83 to 88 days at
20°C.

in styrofoam boxes above ground, 2) establishment of
central protected hatcheries, 3) clutch size, and, 4)
problems that might arise if eggs are harvested during
close seasons.

Styrofoam Boxes and Incubation Duration

Styrofoam boxes, or similar forms of incubating eggs
above ground in containers, have been widely used,
for example, in Surinam, Cyprus, Mexico, the Carib-
bean and the United States. Incubation in styrofoam
boxes generally takes longer than normal, presumably

on account of lower temperatures (Schulz 1975, Mﬁar'l\

quez 1978). The two examples of this just cited will
be considered quantitatively, but first it is necessary
to be able to calculate temperature differences from
the lengthened incubation periods. For this reference
is made to Figure 2, showing the duration of incubation
as a function of temperature for 2 species of marine
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turtle (green turtle, Chelonia mydas, and loggerhead).
The sample sizes are quite small at some points but
the data are consistent enough to show that, as a gen-
eral working rule over the ranges depicted, a 1° C low-
ering of temperature will be reflected in a S-day in-
crease in incubation time. This rule can of course be
refined in the light of further data and can be made
more complex to take into account the curvilinear re-
lationship between temperature and incubation period
that is obvious with wider temperature ranges (Yntema
1978). However, a simple rule may have value in field
applications and is sufficient for the present argument.

With this rule in mind we can interpret the length-
ening of incubation in styrofoam boxes. Table 1 shows
dara from Surinam. It seems likely that the differences
between styrofoam boxes and the various procedures
involving leaving the eggs in the sand, or replanting
them, have been underestimated because, with buried
eggs, incubation time includes time to emergence while,
with animals in boxes only covered with a thin layer
of sand (see Schulz, 1975), the time of hatching be-
comes apparent sooner. It therefore is likely, at least
for leatherback (Dermochelys coriacea) and green turtles,
that incubation temperatures in the styrofoam boxes
were often 2° C lower than they would have been in
the sand.

How would a 2° C drop influence the sex ratio? In
Surinam the temperature of the sand at 80 ¢m depth,
about the depth below ground level of the bottom of
green turtle nests there (Schulz 1975), was 29 + .5°C
in a year that was not untypical as regards weather
(Mrosovsky 1968). If the curve relating temperature
and sex ratio for leatherbacks and green turtles is sim-
ilar to the one shown for loggerheads in Figure 1, a
2°C drop could result in almost 100 percent of the
hatchlings being male. However, to be concerned about
a 2° C difference, it is not necessary even to assume
that the curves for leatherbacks and green turtles in
Surinam will be the same as those for the loggerhead
clutch from Little Cumberland Island in the United
States. All one has to assume is that the pivotal tem-
perature for the Surinam turtles is close to tempera-
tures commonly prevailing in natural nests, and that
the shape of the curves relating incubation temperature
to sex ratio are steep. They are steep in all the turtle
species studied so far (Figure 1). A small temperature
difference makes a considerable difference to sex ratio.
The masculinizing effect of a 2° C drop could therefore
be considerable.

The second example with styrofoam boxes concerns
Atlantic ridley turtles, Lepidochelys kempi, a species per-
ilously close to extinction. Attempts to boost the pop-
ulation of Atlantic ridleys in Mexico have included
incubation of eggs in styrofoam boxes. Marquez (1978)
reports that incubation took about 5 days longer in the
boxes than in the sand (details on whether incubation
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