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ABSTRACT. — We determined the relationship between
incubation success and physical characteristics of
Podocnemis expansa nests on 4 sand beaches of the
Araguaia River in the southern Amazon basin, Brazil.
Sand samples measuring grain size, humidity, and
density were collected during the first 7 days after egg
laying. The choice of nest site seems to be more
relevant for the reproductive success of a P. expansa
than the female’s capacity to build a nest.

The habitat of the giant Amazon turtle (Podocnemis
expansa) includes large rivers as well as meanders formed
by clay-sand unconsolidated alluvium (Cantarelli and
Alves 1999). In these environments sand beaches are
normally formed by the exposition of sand banks
(Vanzolini 1967; Von Hildebrand et al. 1988; Soini 1997).

Chelonians may use a combination of multiple factors
for nest site selection, such as beach height in relation to the
water surface and sand depth, consistency, and humidity
(Pritchard and Trebbau 1984; Ratterman and Ackerman
1989; Mortimer 1990; Speakman et al. 1998; Seigel and
Dodd 2000; Wood and Bjorndal 2000). Embryogenesis is
significantly affected by those factors (Tucker and Warner
1999). Gaseous exchange is also affected by the substrate
physical structure (Prange and Ackerman 1974; Milton et
al. 1997) and can determine embryo survivorship (Bobyn
and Brooks 1994; Milton et al. 1997; Packard et al. 1999).

Studies concerning the physical substrate structure at
freshwater turtle nest sites should guide chelonian manage-
ment programs based on egg collection (Ojasti 1967;
IBAMA 1989; Martinez and Rodriguez 1997) either for
artificial incubation (Plummer et al. 1994; Rostal et al. 1994,
Souza and Vogt 1994; Molina and Gomes 1998) or egg
translocation (Alho et al. 1979; Von Hildebrand et al. 1988;
Stancyk 1995). In the present study we determined the

relationship between incubation success and some physical
characteristics of Podocnemis expansa nests in the southern
Amazon basin, Brazil.

Materials and Methods. — This study was carried out
on 4 sand beaches of the Araguaia and Crixds-Acu rivers
in the southern Amazon basin on the border between the
states of Goids (GO) and Mato Grosso (MT) in Brazil.
We sampled 5 nests per beach for a total of 20 nests in
both rivers.

Sand samples were collected 0700 to 0930 hours or
1600 to 1830 hours during the first 7 days after egg-laying.
The nests were carefully excavated until the egg chamber
appeared. The first egg layer was then taken off the nest
and a cylindrical metal ring (volume 18.64 cm®) was
introduced on the border of the egg chamber in order to
collect sand as close as possible to the eggs. Two samples
were taken from each nest, weighed on a digital balance
(0.1 g/400 g), and stored in zip-lock plastic bags.

The remaining eggs were then removed from the egg
chamber for counting, and then reintroduced randomly.
After this procedure, the eggs were manually recovered
with sand and the nests were protected by a surrounding
plastic net and tapped by a metallic fence. Two control
samples were taken by the same metallic cylinder by the
side of each nest at the same depth, weighed, and returned
to the nest. Nests were reopened at day 45 after egg laying
for hatching monitoring.

The following physical characteristics of the sand were
analyzed at the Laboratério de Fisica do Solo from Escola
Superior de Agricultura “Luiz de Queiroz”, University of
Sao Paulo, according to Camargo et al. (1986) and Gee and
Bauder (1986): 1) sand grain distribution (in percent):
very fine (<0.106 mm), fine (0.107-0.25 mm), medium
(0.25-0.4 mm), gross (0.5—1.17 mm), very gross (>1.18 mm),
and total sand; 2) moisture in the sand (%) = (humid sand
weight — dry sand weight) X 100/(dry sand weight);
3) apparent density (D) (g/cm’) = dry sand weight/18.64.

For data that did not present normal distribution we
used nonparametric statistics (Kruskal-Wallis and Mann-
Whitmann) in order to test the relationships between the
variables studied (Sokal and Rholf 1995). Otherwise, we
used parametric tests.

Results. — Results are presented in Table 1. Sand
varied among beaches in terms of all kinds of grain size
(Kruskal-Wallis: p < 0.05, df = 5), but not for fine-
grained and total sand percentages (Kruskal-Wallis: p >
0.05, df = 5). There was no consistent relationship
between hatching success and the physical characteristics
of the nests, the sand beach where the female laid eggs,
and the sand apparent density, relative humidity, and
grain size distribution (Kruskal-Wallis: p > 0.100, n =
20). There was no consistent relationship between
hatching success and incubation period (ANOVA: P =
0.196, n = 20) either. However, there was a consistent
relationship between the sand beach where the females
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Table 1. Physical characteristics of Podocnemis expansa nests.

Araguaia River (n = 10 nests)

Crixds-Acu River (n = 10 nests)

Total sand (%)

Very gross sand (%)

Gross sand (%)

Medium sand (%)

Fine sand (%)

Very fine sand (%)

Moisture at egg chamber (%)

Moisture external to egg chamber (%)
Apparent density at egg chamber (g/cm’)
Apparent density external to egg chamber (g/cm?)
Hatching success (Araguaia River) (%)

98.06 = 4.51 96.96 = 4.01
2.86 = 4.04 15.42 = 19.11
6.84 = 6.88 23.58 = 15.89

55.52 = 23.10 40.79 * 23.32

33.60 = 26.47 19.06 = 14.07
1.28 = 2.75 1.15 = 0.94
4.39 = 3.06 409i179
2.54 £ 1.55 744 = 9.1
1.40 = 0.05 129i004
141 = 0.04 1.24 = 0.09

5443 = 19.97 -

nested and clutch size (ANOVA: p = 0.004; 18GO:
100.15 = 14.09; 6MT: 76 = 17.84 eggs, n = 20),
and incubation period (ANOVA: p < 0.001; 18GO:
54.769 = 0.725; 6MT: 57 = 0.756 days, n = 20).

There was no significant difference in apparent
density between egg chamber and the sand around the
nest at the same depth (Mann-Whitney: p =0.094, n =30).
However, moisture at egg chamber was significantly
higher than at the sand around the nest at the same depth
(Mann-Whitney: p = 0.044, n = 30) during the first week
after egg-laying. The apparent density of sand at the egg
chambers consistently varied among sand beaches (Krus-
kal-Wallis: p = 0.006, df = 5); however, sand moisture
levels did not (Kruskal-Wallis: p < 0.1).

Discussion. — The Araguaia river basin has innumer-
ous sand-belts, sandbanks, and sand beaches formed along
its course by deposition of suspended materials carried by
the water (Cantarelli and Alves 1999). Topography of the
river borders and water speed determine the deposition
pattern of large-grained sand particles along the beaches,
whereas fine-grained particles are more easily carried away
even by slow currents (Stancyk and Ross 1978). This is
possibly the reason we did not find significant differences
among beaches in terms of the fine-grained sand, but only in
terms of the larger sand particles.

We found a relatively high rate of fine-medium sand
grains, which is similar to the pattern described by
Malviasio (2001) at the southernmost region of Araguaia
River at Araguaia National Park. However, it differs from
the pattern found in nesting beaches of the species at
Trombetas, state of Pard, by Alho et al. (1979), where
there is a higher rate of coarse grains, similarly to what has
been described for marine turtles (Chelonia mydas) by
Stancyk and Ross (1978). The percentage of very fine sand
grains was the smallest component in this study as well as
the other studies above.

Even though there was a significant variation among
sand beaches in terms of apparent sand density of egg
chambers, sand moisture levels did not significantly vary.
There may be a significant variation among populations of
the same species in terms of how temperature and

humidity affect egg incubation (Bobyn and Brooks 1994;
Packard et al. 1999).

The lack of significant variation in terms of sand
apparent density between the egg chamber and the sand
around for both rivers suggests that the egg chamber is not
a less compacted “air-chamber.”

In laboratory experiments under controlled conditions,
moisture affects chelonian hatching success (Packard et al.
1991, 1999; Bobyn and Brooks 1994). However, in this
study this relationship was not significant. A possible
explanation for this is that we only measured humidity at
the initial period of incubation, not recording possible later
variation. On the other hand, laboratory experiments
normally do not consider physical variation suffered by
nests under natural conditions related for instance to rainfall
or sudden temperature drops (Wood and Bjorndal 2000). In
the present study the egg chambers were significantly more
humid than the substrate around the nest at the same depth.
This is possibly due to the presence of mucus (or water)
expelled by the female during egg-laying (Iverson 1990).
The ecological implications of this are still unclear, but it is
possibly related to egg protection against desiccation.

The site wherein the artificial nest is built can affect the
incubation period of translocated clutches (Bonach et al.
2003). The present results suggest that the sand beach—and
consequently the female capacity to choose it—can be more
relevant to her reproductive success than her capacity to
build an elaborate nest. Contrary to seashore sand beaches
used by marine turtles to nest, sand beaches used by
freshwater turtles are geologically unstable, possibly lasting
shorter than one single turtle generation. This possibly
prevents the occurrence of philopatry in this group as it more
likely occurs in marine turtles (FitzZSimmons et al. 1997).

The giant Amazon River turtle occurs over a vast
geographic area. People have exploited it for its meat and
eggs for centuries. Its conservation depends on the
protection of its nesting sites. Future studies about the
relationship between physical characteristics of the nest
(i.e., sand texture, temperature, and soil moisture), and the
reproductive success of the species can help accomplish
this mission. Temperature sex-determination (TSD) pat-
terns can also be influenced by the physical characteristics
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of the nest substrate and—besides reproductive success—
should also be considered for future studies.
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ABSTRACT. — We tested the hypothesis that handling
turtle eggs decreases embryo survival in a well-studied
population of midland painted turtle (Chrysemys picta
marginata) by comparing embryo survival in handled
and nonhandled natural nests during 3 nesting
seasons. All nests were protected from mammalian
predators. Upon excavation of the nests in the
following spring, we found no differences in survival
between the 2 treatments, suggesting that the benefits
in knowledge gained from nest excavation far out-
weigh the possibility of a small increase in mortality
that could arise from handling the eggs.

Egg morphometric data are important for the study of
questions relating to freshwater turtle life history, such as
temperature-dependent sex determination (Roosenburg
1996), optimal egg size theory (Congdon and Gibbons
1985), and the relationship between hatchling size and
survival (Brooks et al. 1991; Bobyn and Brooks 1994,
Congdon et al. 1999; Packard et al. 1999; Janzen et al.
2000; Packard and Packard 2001). However, freshwater
turtles have a cryptic reproductive cycle in which mating
occurs in water (Ernst et al. 1994) and eggs are oviposited
in terrestrial nests during a short period in early summer.

Methods that do not require nest excavation, such as x-
radiation or ultrasound, have been used to estimate clutch
size and egg size (Gibbons and Greene 1979; Hinton et al.
1997; Kuchling 1998), but these methods cannot be used to
measure egg mass and are prone to inaccurate measure-
ments of egg size because they provide only 2-dimensional
views of 3-dimensional eggs. Kuchling (1998) further
noted that the number of oviductal eggs, measured with x-
radiation or ultrasound, may not be an accurate measure of
fecundity, as some eggs may be retained after laying and
subsequently discarded in water. Excavating turtle nests
immediately after oviposition is thus a preferred method to
obtain fecundity data and accurate egg morphometrics.

Handling of turtle eggs has been criticized because it
may have adverse effects on the survival of the embryos:
Chrysemys picta, Trachemys scripta, and Terrapene
carolina (Drajeske 1974; Simon 1975; Ewert 1979);
Chelonia mydas (Parmenter 1980); C. picta, Malaclemys
terrapin, and Chelydra serpentina (Feldman 1983; Ewert
1984); Dermochelys coriacea (Chan 1989); and Pelodiscus
sinensis (Chou and Choo 1995). Evidence of the acceptance
of the hypothesis that handling eggs has deleterious effects
can be found in recent literature (e.g., Bjurlin and Bissonette
2004): “Because jarring and reorientation of eggs may affect
embryo survival (Ewert 1979), we did not manipulate or
uniquely mark eggs prior to incubation.” Previous work on
effects of handling and manipulating eggs has been
conducted in laboratories under artificial incubation condi-
tions and cannot be extrapolated with confidence to wild
nests. Additionally, eggs in previous studies were exposed
to levels and types of handling (e.g., single 90° rotations at
varying times throughout incubation [Chou and Choo
1995]) that were not representative of the manipulations
performed by researchers collecting morphometric data.
And, even though Drajeske (1974), Feldman (1983), and
Ewert (1984) found no effect of rotation on painted turtle
eggs, Ewert (1984) stated that in painted turtle eggs,
adhesion of the vitelline membrane to the egg (the basis
for movement sensitivity) sometimes occurs as soon as the
first hour following laying.

We assessed the effect of egg handling on the survival
of the embryos in a population of midland painted turtle
(Chrysemys picta marginata) where, from 1983 until the
present study, all observed nests were excavated and the
eggs measured and reburied immediately following
oviposition.

Methods. — A long-term mark—recapture study of
midland painted turtles has been conducted at Wolf Howl
Pond (WHP) and West Rose Lake (WRL) which are less
than 1000 m apart in Algonquin Park, Ontario (45°34'N,
78°41’W), Canada, for 21 summers between 1978 and
2003, and a study of reproductive ecology was initiated in
1983. The probability of observing most nesting females is
very high because this population is located in a coniferous
habitat that has very few suitable nesting sites. More
precisely, all nests are found on a sandy railway
embankment (now a popular hiking trail) a few meters



