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ABSTRACT

The purpuse of this study was to investigated the influence of anthropogenic impacts on Podocnemis unifilis nesting on a stretch from
Falsino river, with two forest reserves, and one urban area on the Araguari river, state of Amapd, eastern Amazon (Brazil). A total of
180 nests were found, being 89.4 % in the forest reserves and only 10.6 % in urban areas. On Falsino river, we observed a spawning
pattern, because the number of nests was correlated to the length and width of the nesting locations. On Araguari river, the P, unifilis
nests were generally found in areas with surrounding vegetation up to 5 meters in height, minimum distance of 120 meters from
residences and immediately or after places of higher exploration of pebbles. Females from Falsino river had smaller eggs, but the
neonates were bigger and with higher body condition index than the neonates from Araguari river. About 80 % of the nests were
prey, mostly because of the large collection of eggs for feeding. Furthermore, it was found that adult turtle hunting has been intense.
Although one of the areas is in forest reserves, the human impacts were similar to those caused in urban areas, indicating the need
to implement protection programs for the conservation of P. unifilis.
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RESUMEN

El propdsito de este estudio fue investigar la influencia de los impactos antropogénicos en nidos de Podocnemis unifilis en un tramo
del Rio Falsino, se investigé en dos reservas forestales y tramo urbano del rio Araguari, Estado de Amapd, en Amazonia (Brasil). Un
total de 180 nidos fueron localizados y 89,4 % estaban en las dreas de reservas forestales, pero sélo el 10,6 % en las zonas urbanas.
En el rio Falsino, hubo desove patrén, el nimero de nidos se correlacioné con la longitud y la anchura de los sitios de anidacién.
En Rio Araguari, nidos de P. unifilis se encuentran generalmente en lugares con vegetacién circundante de hasta 5 metros de altura,
distancia minima de 120 metros de residencial y de inmediato o después de los lugares de mayor explotacién de los guijarros. En el
rio Falsino, aunque las hembras han demostrado huevos mds pequefios, los recién nacidos fueron mayores y la puntuacién cuerpo
también es mayor que en los recién nacidos del rio Araguari. En la regién del Rio Araguari, aproximadamente el 80 % de los nidos
fueron depredados, debido a la gran coleccién de huevos para la alimentacién. Se observé que la presién de caza en las tortugas
adultas ha sido intensa. Aunque es una de las dreas a ser bosques protegidos, los impactos humanos fueron similares a los de las
zonas urbanas, lo que indica la necesidad de implementar programas de proteccién para la conservacién de P, unifilis.

Palabras claves: Amazonia, huevos, nidos, recién nacidos, tortuga acuitica.
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INTRODUCTION
Podocnemis unifilis Troschel, 1848 (yellow-spotted river turtle)
is a Podocnemididae that inhabits streams, lakes, and
wetlands of the Amazon and Orinoco river basins (Pritchard
and Trebbau, 1984). It is the greatest distribution for a
chelonian species of freshwater of Amazon; and can be found
in Colombia, Venezuela, Ecuador, Peru, Bolivia, Guyana,
French Guiana, Suriname and Brazil. In Brazil, this turtle
species is distributed in all states of the North region, as well
as in the states of Goids and Mato Grosso (Thorbjarnarson
etal., 1993), both in the central region of the country.
Currently, this turtle species is considered vulnerable (lucn,
2012), due to the intense exploitation of its natural stocks. For
natural populations of chelonians, the two main threats are the
excessive exploitation by man (Pantoja-Lima et al., 2014) and
the modification of their habitats (Pantoja-Lima et a/., 2009).
The first threat is due to the great consumption of meat, offal
and eggs of turtles, since these animals are a major source of
protein in the diet of indigenous and riverine populations from
the Amazon, besides being used for medicinal purposes and
manufacture of ornaments and utensils. The second threat
is due to the nesting changes in habitats and microhabitats,
which may interfere with the success of nests, since in some
of the stages of the egg incubation the sex determination
is influenced by characteristics of the environment, such
as: vegetation, soil gradation of spawning places, ambient
temperature, air and soil humidity, factors that can cause
serious alterations in the sex ratio and genetic variability of P
unifilis populations (Ferreira-Junior et al., 2007; Ferreira-Junior,
2009a; Ferreira-Junior, 2009b).

Several studies (Fachin-Terdn, 1993; Fachin-Teran et dl.,
1995; Rebelo and Pezzuti, 2000; Fachin-Teran and Von
Mulhen, 2003; Fachin-Teran et al., 2004; Caputo et al.,
2005; Fachin-Terdn and Von Mulhen, 2006; Ceballos et al.,
2014) on the influence of egg collection, adult chelonians
hunting and effects of habitat destruction reported that
the decline of chelonians populations is more strongly
associated with increased activities that alter mainly the
landscapes of Amazon floodplains. In the Araguari river
basin (eastern Amazon), the nesting of P. unifilis occurs from
September to November, eggs hatching occurrs in December
and the mean incubation period is of 63.5 + 5.2 days. In
this region, the urban population growth and changes of
P. unifilis habitat, due to the exploitation of pebbles on the
riverbed and constructions of hydroelectric power plant may
be causing changes in nesting patterns, not yet evaluated
(Arraes and Tavares-Dias, 2014). Thus, the present study has
compared the human impact effects on nesting patterns and
body characteristics of P, unifilis neonates in areas of forest
reserves (region of low impact) and urban area (region of
high impact) in this important basin for the northern Brazil.

MATERIALS AND METHODS

Study area

From May to December 2011, for 10 days a month, the
monitoring of the P. unifilis potential spawning places was
performed (License ICMBio: 28856-1) in the Araguari river
basin system, in eastern Amazon, northern Brazil. This study
was conducted in a 70 km extension of this river basin,
divided in two subsequent transects of 35 km each (Fig. 1).

Figure 1. Location map of the study area in the Araguari river basin, eastern Amazon, Northern Brazil, and the distribution
and abundance of Podocnemis unifilis nests in 2011. Map drawn from the shape-file data from the Ecological-Economic Zoning
of the IEPA, Coordinate System UTM Zone 22N, and orbital image sensor Landsat satellite TM 5- 226/59.
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On the Falsino river stretch, there are two sustainable use
conservation units, the Amapa National Forest (Flona-AP)
and Amap4d State Forest (Flota-AP), in the city of Ferreira
Gomes. The region has low anthropogenic influence, due to
theexistence ofonlytwo residences ofriverines, inspectionand
difficult access to the region. This first sample site is located
35 km above the confluence with the Araguari river. After 20
km from the end of the Falsino River stretch, the first point
of the Araguari river stretch, which flows towards the mouth
and covers the urban of the city of Porto Grande, is located.
Its riverbank has severely altered vegetal coverage due to the
urban population growth, the presence of several residences
with recreational and economic enterprises, like exploration
companies and stones for construction. Furthermore, this
stretch is near the reservoir of the Hydroelectric Power Plant
of (HEP) Coaracy Nunes, operating in the region for over 30
years, and suffers direct influence of the HEP Ferreira Gomes,
which is under construction. In addition, in this region there
will be installed the third hydroelectric power plant, the HEP
Cachoeira-Caldeirdo, which is in the licensing phase.

The region has a humid tropical climate with mean
temperatures ranging from 27.3 to 29.9 °C, precipitation
exceeding 2000 mm/year, relief mainly flat with some
undulating areas. The soil is considerably diverse: yellow
latosol; red-yellow latosol; clayish red-yellow latosol
and clayish red-yellow, the dominant vegetation on the
river banks is upland forest, wet forest and regeneration
(Bernard, 2006).

Turtle sampling procedures and data analysis

From May to December 2011, during the monthly visits
lasting ten days each, all possible P, unifilis spawning places
were monitored on both stretches to nest identification.
All spawning sites were then georeferenced and plotted
on a map with the aid of the software ArcGIS 10. Using
a tape measure, the length, width and maximum height
of the nesting sites in relation to the river were measured.
The spawning substrates were also classified into four
types: sand, pebble, black soil and dry leaves. The upland
surrounding vegetation height was classified and then it was
defined into three scores: i) grassy vegetation, regeneration,
scattered trees up to 5 m; ii) predominant tree species over
5 m up to 20 m and iii) predominant tree species above 20
m heigh.

The P. unifilis nests location was visual, from tracks left in
the sand by the female the night before and also with the
aid of a 15 cm wooden stick inserted into the soil of the
beach in lightly stirred regions. After checking the eggs near
the soil surface, the nests were again covered (Fachin-Terdn,
1993). All nests were georeferenced and marked with the
following information: nest number, date and time the nest
was found, geographic coordinates and probable date of
hatching. This nest identification was done discreetly and
carefully, avoiding the population to easily identify them.

After closing the nest, a small stone was placed just above
the eggs, tied to a string at its end with a small plastic bottle
with wood identification plate (stick), buried about one
meter away.

The distribution and abundance analysis of nests
was performed using the Kernel estimator, following the
recommendations of Cdmara and Carvalho (2002), which
indicated the intensity of nests in both areas investigated.
A total of 23 randomly selected nests were opened shortly
after laying, to quantify the number of eggs, total depth
and diameter of the nesting chamber opening, egg mass,
maximum length and maximum width of the eggs. The eggs
of these nests were carefully handled, avoiding rotations or
direct exposure to the sun. After measuring, the eggs were
returned to their nests, and each one was also measured in
relation to the distance to the vegetation, distance to the
river and height of these in relation to the river.

The number of nests in each area was evaluated
considering that each female has only one annual laying.
During the eggs hatching, nests were successfully opened
for checking the laying size (number of eggs per nest). The
success and apparent predation of nests were calculated
from the number of nests with success or the number
of nests with failure divided by the total number of nests
multiplied by 100. When leaving the nests towards the river,
neonates were collected for determination of the carapace
maximum length and maximum width, plastron maximum
length and maximum width, carapace-plastron maximum
width, carapace-plastron distance, head width and
maximum length, interocular distance, carapace maximum
height, using a manual caliper. The body mass of neonates
was obtained with the aid of an appropriate digital scale.
The Body Condition Index (BCl) was determined from the
values of carapace maximum length (cm) and body mass
(g), following the recommendations of Le-Cren (1951).

The estimation of nest predation was performed
considering as successfully nests those in which at least one
baby was released into the wild. Mayfield method (1961,
1975) helped to account the number of days that the nests
remained in their spawning site, the initial day was the
day they were found (0), and the hatching day, predation,
collection or hatching was the last day the nests were found
(X). When it was not possible to track days 0 and X, they
were estimated by calculating the mean between the last day
observed (or not observed for day 0) and the first day on
which the egg was no longer found (first day it was found,
for day 0). We calculated the difference between the initial
and final day and, then, the mean for each region.

Assessment of anthropogenic impacts

The stretch on the Falsinoriver, area of the two forest reserves,
was considered a control region in relation to the amount
of potentially impactful activities, because the presence of
activities is very low (there are only two residences), in the
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case of activities with exploitation of minerals and rocks for
civil construction. On the stretch of Araguari river, activities
that affect the environment of the banks were checked by
recording the geographical coordinates, with the aid of a
Global Positioning System (GPS) for preparation of maps
supported by the software ArcGIS 10 and ArcMap. Thus,
comparisons between the two areas of study were performed.

On Araguari river, the distance of the nests in relation
to the residences was evaluated from the determination of
circular areas with radius of 50, 100, 150, 200 and 250 m,
with reference to the points of nests that were generated
by using the Multiple Ring Buffer. In addition, there was
the exploitation intensity ratio of pebble from the Kernel
estimator, which, according to Camara and Carvalho
(2002), evaluates the point’s intensity. This analysis includes
the location points of found nests.

The impact on the collection of adult’s eggs was
investigated by using the technique of formal interviews,
informal interviews, and participant observation to obtain
information about the species of chelonians in the region,
the exploitation of P unifilis adult nests, such as hunting
frequency, hunting purpose, travel distance for hunting and
the main capture instruments used by the hunter. Due to
the great diversity of popular names that a same species of
chelonian has in the Amazon, identification photography
of the species was shown to the interviewee, so that he/she
could define exactly which species was being reported. To
answer these questions, we interviewed 30 residents of the
Araguari river banks who agreed to speak openly about it,
lived in the urban area of the city of Porto (state of Amapa)
and developed fishing and hunting turtles or their eggs,
activities for subsistence purposes or commercialization.
The interviews were analyzed through descriptive statistics,
with reference to the sample size of all interviewees.

Statistical analyzes

Data were tested for homoscedasticity using Bartlett test, and
for normality using the Shapiro-Wilk test. The t-test was used
to compare data of the animals between the Araguari river
and Falsino river, but data without non-Gaussian distribution
were compared by Mann-Whitney test (U). For correlation
analysis, the Spearman rank coefficient (rs) was used.

RESULTS

The distribution and abundance of P. unifilis nests indicate
differences between the two studied stretches. On the Falsino
river, along 35 km, in 22 spawning areas, 89.5 % (N=161) of
the nests were found. On the 35 km stretch of the Araguari
river, in 12 spawning places, there was only 10.5 % (N=19)
of nests (8.5 lower) and the distribution was restricted to the
last 16 km, towards the mouth of this river (Fig. 1).

The distance from nests to vegetation, from nests to the
river and height of nests in relation to, did not show statistical
differences between the two studied stretches (Table 1). The
P. unifilis spawning places showed similar measurements in
length and width. However, there are differences regarding
the mean height of the spawning beaches, which was higher
on the Araguari river (Table 2).

On the Falsino river, there was a highly significant positive
correlation (rs=0.788, p=0.0001) between the number of
nests and the length of the beaches, but this did not occur
on the Araguari river (rs=0.107, p=0.739). Highly significant
positive correlation was found between the number of nests
and the width of the beach on the Falsino river (rs=0.8462,
p=0.0001), but it was not significant on the Araguari river
(rs=-0.095; p=0.828). The lack of correlation was also
observed between the number of nests and the height of
the beach on the stretches on the Falsino river (rs=0.125,
p=0.056) and Araguari river (rs=-0.004, p=0.647).

Table 1. Environmental measures in relation to Podocnemis unifilis nests on two rivers from the eastern Amazon (Brazil).
Mean # standard deviation. Different letters indicate differences by t-test (p<0.05).

Parameters Falsino river (n = 161) Araguari river (n = 19)
Nests-vegetation (m) 2.60 £ 2.60a 2.11+2.63a
Nests-water (m) 5.54 + 3.64a 4.26 +3.01a
Height of nests (m) 1.06 + 0.45a 1.05+0.49a

Table 2. Measurements of spawning locals of Podocnemis unifilis on two rivers from the eastern Amazon (Brazil). Mean =+
standard deviation. Different letters indicate differences by Mann-Whitney test (p<0.05).

Parameters Falsino river (n = 22) Araguari river (n = 12)
Length (m) 4.82 +56.68a 37.85+21.81a
Width (m) 11.17 £ 20.10a 9.47 £ 6.35a
Maximum height (m) 1.29 + 0.56b 2.03£0.72a
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To P, unifilis nesting, sand was the predominant substrate,
used both on the stretch on the Falsino river (80.7 %) and the
stretch of the Araguari river (57.9 %), but the deposition on
folic substrate occurred only on Falsino river, while on land
substrate occurred only on Araguari river. On the Falsino river,
nests were surrounded by vegetation, height between 5 and 20
meters. However, on the Araguari river, the nests were placed,
mostly, in places that had predominant vegetation with height
up to 5 meters. Furthermore, on both stretches, the nests were
placed in locations with direct incidence of sunlight.

On the Falsino river, the mean number of P. unifilis eggs
was 12.07 + 4.37 (five to 20 eggs/nest) and on the Araguari
river was 15.88 = 7.45 (four-26 eggs/nest), so, there was
a difference between these two studied areas (U=28.00,
p=0.0389). The size of P, unifilis eggs from Araguari river was
higher when compared to the eggs found on the Falsino
river (Table 3). However, it was not possible to evaluate the
different incubation periods in both areas, as the number
of eggs that have had success on the Araguari river was very
low, due to man collections.

The size of neonates from both investigated sites showed
differences between the two areas for carapace maximum
length, plastron length, head maximum length and body
mass. The body condition index of the neonates also showed
differences among animals of both stretches (Table 4).

On Araguari river, 78.9 % of the nests were unsuccessful in
hatching due to egg collection by man, exclusively. Similarly,
on the Falsino river 80.1 % of the nests were unsuccessful
and 93.8 % of the failure was due to egg collection by man,
3.8 % due to animals’ predation and 2.5 % due to flooding
of nests because of the sudden rise of the water level. The
period nests remained in the laying local on Falsino river was
26.8 days and on Araguari river it was 40.13 days, showing
a statistically significant difference between these two areas
(t=-2.2751, p=0.0170).

On Araguari river, among the 19 found nests, none was
closer than 120 m from residences; 15.78 % were located
between 121 and 150 m from residences; 5.3 % between 151
and 200 m from residences, 26.3 % between 201 and 250
m from residences. The majority (52.6 %) of the nests was
located at a distance greater than 250 m from residences
(Fig. 2).

On Araguari river, an assessment of the intensity of
extraction of pebbles showed that 78.9 % of the P. unifilis
nests were located in regions of greater exploitation of this
economic activity or below that (Fig. 3). Sand movements
deep in the river to the surface during the removal of pebbles,
cause changes in the accumulation and flow of sand, what
led to the formation of sandy environments on the banks of
this river, preferred locations for P, unifilis nesting.

Table 3. Measurements of Podocnemis unifilis eggs collected on two rivers from the eastern Amazon (Brazil). Mean + standard

deviation. Different letters indicate differences by t-test (p<0.05).

Parameters Falsino river (n = 173) Araguari river (n = 139)
Weight (g) 26.19 +4.93b 27.76 + 4.15a
Maximum length (mm) 47.46 + 2.84b 48.06 + 2.29a
Maximum width (mm) 30.26 £ 3.01b 30.64 +2.22a

Table 4. Biometric parameters of Podocnemis unifilis neonates on two rivers from the eastern Amazon (Brazil). Mean =
standard deviation. Different letters indicate differences by t-test (p<0.05).

Parameters Falsino river (n = 99) Araguari river (n = 39)
Carapace length (mm) 45.16 £ 2.5%a 44.03 + 7.10b
Carapace width (mm) 38.51 £3.35b 38.90 £ 6.52a
Plastron length (mm) 42.84 £ 1.88b 46.38 £ 3.74a
Plastron width (mm) 23.40 £ 2.36b 27.59 £ 2.56a
Carapace-plastron distance (mm) 10.16 + 1.48a 1518 £ 1.57a
Head length (mm) 11.92 + 1.09a 16.69 + 1.08a
Head width (mm) 13.41 + 1.70b 17.44 £ 1.74a
Interocular distance (mm) 3.21+0.69a 3.13+£1.13a
Carapace height (mm) 22.19 + 1.58b 27.03 + 2.10a
Body weight (g) 20.75+2.39a 18.88 +2.58b
Body condition index (BCI) 0.99 + 0.03a 0.97 +0.02b
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In the urban area of the city of Porto Grande, there were
30 interviewees from different homes. The major questions
of the interview were related to egg collection, P. unifilis
hunting and other species of chelonians in the region. From
these, 80.0 % of interviewees indicated they have collected
both eggs and animals in the last two years, 13.3 % had

these practices about two to four years ago and 6.6 % over
four years ago. To accomplish these collections, 93.3 % go
alone or in groups of up to five people. The main means of
transport (73.4 %) are wooden boat with low power motor
or small boats made of iron with medium power motor
(23.3 %). The distance shown to collect was 66 km. The

Figure 2. Evaluation of the distance between Podocnemis unifilis nests and residences in Araguari river region, Eastern Amazon
(Brazil). Map drawn from the data shape file of the Ecological Economic Zoning of IEPA, Coordinate System UTM Zone 22N.

Figure 3. Evaluation of the distribution of Podocnemis unifilis nests and extraction intensity of pebbles on the stretch of
Araguari river, eastern Amazon (Brazil). Map drawn from the data shape file of the Ecological Economic Zoning of IEPA,

Coordinate System UTM Zone 22N.
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time required for egg collection and turtle hunting was five
hours, occurring mainly during the night, from 6 pm to six
am (93.3 %) and during the dry season, between September
and December 2011 (66.7 %).

The Amazonian turtle hunting was carried on rivers
(50.0 %) and main streams (13.33 %), and had as main
collect tool/technique gillnets (36.6 %), hooks (26.6 %),
firearms (13.3 %), manual collection on beaches (13.3 %)
and diving (10.0 %). When it is practiced in deep parts of
the rivers, small boats made of iron with medium power
engine are used to force the P, unifilis to emerge. According
to the information, for each collection, the amount of eggs
was 17 to 300 units; the number of captured animals was
1 to 50 with body mass ranging from 1 to 6 kg. In addition,
90.0 % indicated that P, unifilis is the most collected species
of chelonian in the region, with preference for females
(67.8 %).

The eggs and animals (56.6 %) are more easily found
around the reserves (State and National Forests of Amapa),
due to the higher presence of P, unifilis in these places and the
little inspection. Podocnemis unifilis (76.5 %) and box turtle
Chelonoidis sp. (20.5 %) were identified as most preferred
the species by the community of the region. Thus, 70.0
% indicated that, in the region, the number of P unifilis
has declined due to hunting (53.3 %) and modification
of spawning beaches, due to the exploitation of pebbles
(16.6 %) and mining (23.3 %) in the region.

The majority (86.6 %) of the interviewees also reported
that these collected eggs and chelonians were, usually, for
family consumption; 10.0 % for consumption and trade
and 13.3 % only for trade in Porto Grande and the city of
Macapd. The chelonians captured alive are sold at values
ranging from U$ 14.0 to 28.0 per unity. This variation is due
to the size and gender, as pregnant females achieve higher
price. The eggs are sold at prices ranging from U$ 1.86.0 to
2.80 by dozen.

DISCUSSION

In conservation units Flona-AP and Flota-AP, Falsino river
(AP), the number of P. unifilis nests was 8.5 times higher than
that found on Araguari river, the urban area of the city of
Porto Grande, State of Amapa (Brazil), which has lower
number of females. Similarly, in Bolivia, along the rivers
Itenéz and Paragud, the abundance of P. unifilis was higher
in areas distant from urban sites (Coway-Gomez, 2007).
In the Amazon, meat, viscera and turtle eggs are important
sources of protein for riverine and indigenous populations,
but are appreciated by urban human communities due to
the cultural habit maintained by generations of riverine
origin (Duarte et al. 2008). Thus, P. unifilis population has a
long history of decline due to the use of its meat and eggs
by riverine communities, as well as by pressure on its nesting
habitats (Arraes and Tavares-Dias, 2014). Pantoja-Lima
et al. (2014) estimated that about 34 tons of turtles are

consumed annually only along the margins of a major fishing
river in the state of Amazonas, central Amazon (Brazil).

In the Araguari river basin, the number of P. unifilis nests
showed strong positive correlation with the length and
width of spawning places only on Falsino river. However,
on Araguari river, local close to the urban area and of
excessive egg collection, most nests were found in areas with
vegetation up to 5 meters in height. This nesting behavior
in areas with low-growing vegetation seems to indicate the
search for locations with greater sunlight intensity when
compared to areas with not much vegetation. Possibly, it is
an attempt to shorten the incubation period, to reduce, then,
the predation and collection of eggs. Most of the nests were
also found in a region with less altered riparian vegetation
and there was an animal preference for nesting places with a
minimum distance of 250 meters from residences, indicating
that P. unifilis prefers places with fewer disturbances caused
by man. On this river, movements at the bottom of the
riverbed for pebbles extracting leads the sandy sediment to
its banks and accumulates it, increasing and/or forming new
nesting sites for this turtle. This led us to observe a greater or
lower number of nests in these locations of exploitation of
this activity in the Araguari river region.

In addition, the height of the beaches was greater than
on Falsino river, due to the existence of beaches with higher
levels. However, when comparing the distances of nests
in relation to the vegetation or to the river, there was no
difference between the two investigated stretches, indicating
that these patterns of choice for nesting were not influenced
by this anthropic factor. For turtle nesting, the choice of
habitat has great ecological and evolutionary effect for the
species, since the microhabitat of egg incubation influences
the phenotype and development of neonates. Higher
temperatures increase the chances of female births, changing
the structure of the population. Wetter soils prolong the
incubation time, increasing, thus, the absorption of vitelline
reserves (Ferreira-Junior et al., 2007; Escalona et al., 2009;
Ferreira-Junior, 2009a; Ferreira-Junior, 2009b). Moreover,
P. unifilis avoids risks associated with its nesting, such as
increased predation of eggs and neonates, as well as the
vulnerability of nests to flooding (Thorbjarnarson et al.,
1993; Escalona and Fa, 1998; Pantoja-Lima et al., 2009).

On Araguari river, the P unifilis eggs were smaller when
compared to animals of the Falsino river, although a larger
number of nests have been found there. The difference between
the numbers of eggs per nest may be related to the energetic
effort that females are employing for their reproduction,
because in affected areas the females may be depositing
a larger amount of eggs per nest, to reduce the chances of
predation during this process. On Falsino river, multiple laying
may be occurring, that is, each female is depositing eggs in
more than one nest during the same annual cycle. The size
of the eggs appears to be associated with the population
standard, because on Falsino river, the group of females,
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in addition to being larger, considering that 161 matrices
were found nesting, may be constituted by animals with
predominantly young age, due to a better annual recruiting,
thus causing the production of eggs with smaller size. On the
Araguari river, where only 19 females were found nesting,
there is a low recruitment of neonates due to the excessive
egg collection, which has been happening for a long time.
Furthermore, it is possible that on Araguari river females are
larger and are performing greater maternal investment as
a way to compensate for the low recruitment of neonates,
because of the frequent collection of eggs and environmental
factors influencing negatively the successful egg hatching.
However, additional studies are needed to understand the
factors influencing the P unifilis population structure in the
Araguari river basin system. For the turtle species, egg size can
be determined by biological patterns of females, mainly related
to their age, among other factors. Because these animals do
not have parental care, the apparent energetic effort employed
for reproduction can ensure better development of the
offspring; thus, larger eggs may have greater hatching success
and generate larger neonates (Valenzuela, 2001; Loehr et al.,
2004, Warner et al., 2010; Ceballos et al., 2014). Conditions
of soil moisture and temperature that cause water loss in
the egg may lead to a lower vitelline absorption and, then,
generate smaller neonates (Ferreira-Junior, 2009a; Ferreira-
Junior, 2009b). In P. unifilis, changes in the age structure of
the population of adult females are long-term indicators,
because when a population consists primarily of larger
females, it indicates a low recruitment of young females, due
to the high and constant loss of eggs and/or neonates over
the years (Hernandez et al., 2010).

On Falsino river, vegetal coverage region has changed
little and, consequently, with lower ambient temperatures
and greater humidity, the mean incubation period was 64.5
days. Inthis area, in contrast to egg size, the measures of body
mass and length of P. unifilis neonates were higher, resulting
in neonates with best BCI due to the longer incubation and
absorption of vitelline reserves. Although it was not possible
to assess the period of incubation of the eggs on Araguari
river, urban area with little vegetal coverage, it can be
inferred that in this location the hatching period was shorter
than on Falsino river. On the other hand, the eggs of females
of Araguari river were bigger, but the neonates presented
smaller body sizes and smaller BCl values, quantitative index
of body condition that can be influenced by environmental
conditions in which animals are located and also by the use
of food resources (Congdon et al., 1999; Loehr et al., 2004;
Lambrada-Martagén etal., 2010) and available energy.

CONCLUSIONS

Although the number of nests and neonates of P. unifilis
found was greater in conservation units, the percentage
of withdrawal was the same in both areas, demonstrating
that there is the need for higher inspection in the area,
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since the conservation units are intended to contribute to
the greater preservation of these species and to maintain
their feeding and reproduction environments unchanged.
In the area of the Araguari river, exploitation of eggs and
females, over the decades, might be influencing the size of
P. unifilis eggs, due to changes in its population structure.
Furthermore, it appears that spawning habitat and
microhabitat changes are negatively influencing the size of
these turtle neonates. Thus, there is an imminent need for
action to contain the negative environmental impacts in
the Araguari river basin, through management programs,
protection of nests and encouraging the P. unifilis culture,
which should ease the pressure on its natural stocks, not
yet evaluated in the region.
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