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Abstract There is a long history of exploitation of the South
American river turtle Podocnemis expansa. Conservation
efforts for this species started in the s but best practices
were not established, and population trends and the number
of nesting females protected remained unknown. In  we
formed a working group to discuss conservation strategies
and to compile population data across the species’ range. We
analysed the spatial pattern of its abundance in relation to
human and natural factors using multiple regression analyses.
We found that .  conservation programmes are protecting
, nesting females, primarily in Brazil. The top six sites
harbour . , females and should be prioritized for
conservation action. Abundance declines with latitude and

we found no evidence of human pressure on current turtle
abundance patterns. It is presently not possible to estimate
the global population trend because the species is not moni-
tored continuously across the Amazon basin. The number of
females is increasing at some localities and decreasing at others.
However, the current size of the protected population is well
below the historical population size estimated from past levels
of human consumption, which demonstrates the need for con-
certed global conservation action. The data and management
recommendations compiled here provide the basis for a region-
al monitoring programme among South American countries.
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Introduction

Freshwater turtles play important roles in ecosystems
through their large standing crop biomass, high second-

ary productivity, and contribution to energy flow within and
between ecosystems (Lovich et al., ). They are also an
important food resource for human riverine communities
(Vogt, ), but overexploitation has diminished their po-
pulations. Neotropical river turtles of the genus Podocnemis
are no exception, with all species considered threatened
(Turtle Taxonomy Working Group, ). In particular,
there is an extensive history of exploitation of the Giant
South American river turtle Podocnemis expansa (Bates,
; Smith, ). The species occurs over a vast area in
the Orinoco and Amazon Rivers across eight countries
(Vogt, ). When humans settled along these rivers, turtles
became a valuable source of food and income. Although
Indigenous Peoples had used turtles in the Amazon as a
source of protein for a long time, large-scale commercializa-
tion of turtles and their eggs began only after the arrival of
Europeans (Bates, ; Smith, ; Vogt, ). The unsus-
tainable harvest of eggs and meat has resulted in depleted
populations across the species’ range (Bates, ; Klemens
& Thorbjarnarson, ). Podocnemis expansa is currently
categorized as Lower Risk/Conservation Dependent on the
IUCN Red List (Tortoise & Freshwater Specialist Group,
), but categorization as Critically Endangered has been re-
commended by the Turtle TaxonomyWorking Group ().

In the regions of the upper Amazon, Solimões and
Madeira Rivers in the state of Amazonas, Brazil, during
–,  million eggs and the fat from adult turtles
were rendered for lighting the streets of Manaus and for
cooking oil, much of which was sent to Europe (Bates,
; Smith, ). In Peru, Paul Marcoy () recorded
that the Indigenous People from the Ucayali River could
capture up to , turtles in one night, of which c. 
were consumed or traded with European missionaries, and
the remaining turtles were killed to extract their fat and
eggs. Another example comes from the Middle Orinoco
River in Venezuela, where the population dropped from
. , in  (Humboldt, ), to , in 

(Ojasti, ) and to –, (MINAMB, ) in 

(Mogollones et al., ). Although these estimates relied
on different sampling methods and are therefore not
directly comparable, they indicate a significant decline in
the Orinoco River population (Mogollones et al., ).

Multiple attempts have been made to reduce trade of the
species, but hunting pressure is still high. One conservative
analysis in the Brazilian Amazon suggested that in the s

and s, ,–, adult P. expansa were consumed
annually by low-income rural communities (Peres, ).
In the city of Tapauá in the state of Amazonas, Brazil,
with a human population of no more than ,, an esti-
mated  tonnes (, turtles, all species) were consumed
per year during – (Pantoja-Lima et al., ).

Many communities, biologists and governmental orga-
nizations have implemented conservation activities for
P. expansa, with the first attempts to manage and protect
the species in situ starting in the s. These initiatives
have grown in number over the years, and at least one
river turtle conservation programme can be found in
every country across the species’ range. The projects’ main
objective is to protect nesting beaches, with the aim of redu-
cing egg and hatchling mortality, but few have invested in
monitoring to evaluate the effectiveness of their actions.
As a result, only few long-term population studies have
been published for the giant river turtle (Hernández &
Espin, ; Mogollones et al., ; Peñaloza et al., ;
Portelinha et al., ). However, the high number of exist-
ing conservation projects represents an opportunity for
building collaborations, learning from successes and fail-
ures, monitoring the species across its range, understanding
global trends, and raising funds to address threats. In this
context, researchers and conservationists working in the
Amazon gathered in , for the first time, to share their
approaches and discuss best practices for the species’
conservation. The data shared by the group enabled the
first assessment of conservation projects and the first
estimation of the global number of reproductive females
under protection or management. Here we present the
results of this assessment and analyse the current abun-
dance patterns of the species. We also make management
recommendations regarding beach protection, population
monitoring, and head-starting, the practice of rearing
hatchlings in captivity during their early months to a
size that makes them less vulnerable to natural predation
(Moll & Moll, ; Burke, ).

Methods

Nesting females under protection and population trends

A group of researchers and conservation practitioners from
six countries across the Orinoco and Amazon Basins gath-
ered in Balbina, Brazil, in April  to compile data and
discuss the current state and future of the giant South
American river turtle. We gathered information on the
number and location of conservation sites and the number
of nesting females at each site. We used the number of nests
at each site as a proxy for the number of nesting females, as
the species nests once a year (Vogt, ). Based on this
information we estimated the global number of nesting
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females under protection or management, considering data
from the most recent nesting season in each case, ranging
from  to . Additionally, we evaluated the trends
in number of reproductive females for some Brazilian rivers
that are monitored by federal government and for which
this information was available (Projeto Quelônios da
Amazônia; IBAMA, unpubl. data). We plotted the trend
in number of hatchlings in each river, using a simple moving
average of orders – to separate the trend component from
the irregular component. We then used linear regressions to
test whether the number of hatchlings varied over time in
each river, evaluating whether the slope was significantly
different from zero. Based on the population data, we also
developed a set of recommendations for the conservation
and monitoring of the species. We evaluated three specific
topics: () protection of adult females and nesting beaches,
() monitoring and population studies, and () head-
starting. For each topic we develop a set of recommended
best practices based on the available evidence and the
experience of researchers and practitioners.

Abundance patterns

We evaluated if the spatial pattern of current numbers of nest-
ing females is related to human factors or natural conditions,
using multiple regression analyses. Firstly, we conducted an
analysis using data from seven countries across the basin, in
which the number of nesting females was the response vari-
able, and predictive variables included latitude and longitude
(natural patterns), human population density and distance to
the closest city by river (human factors). Human population
density values for each site were extracted from theWorldPop
continental dataset for America (WorldPop, ) and corres-
pond to the number of persons per km in . Distance to
the closest city was estimated using path distance, with rivers
designated as the only possible routes between nesting beaches
and the closest city. Because data on population and munici-
pality income were available at a higher resolution for Brazil,
we conducted a second analysis for locations in Brazil only
(n = , % of the nesting beaches), in which we also evalu-
ated the GDP (gross domestic product) and total population
of each municipality as predictor variables (IBGE, ). We
expected human population size and income to be negatively
and positively related to the species’ abundance, respectively.
We used the natural logarithm of the dependent, to correct for
non-homoscedasticity.

Results

Nesting females under protection and population trends

There are at least  sites across the Amazon and Ori-
noco Basins where conservation programmes are currently

implementing monitoring and conservation actions for P.
expansa (Fig. , Supplementary Table ). Programmes are run
by governments, national park systems, rural or Indigenous
communities, and NGOs. Some of these programmes were
started .  years ago, and most of the actions implemented
by these initiatives include beach protection during the nesting
season, environmental education, and head-starting of hatchl-
ings, the latter being reported by at least  programmes.

We estimated there are c. , females of P. expansa
across six Amazon countries (Brazil, Colombia, Bolivia,
Peru, Venezuela, and Ecuador; Fig. , Table ) that are
being protected, managed ormonitored. Brazil has the largest
number of reported nesting females (. % of the protected
populations). Rivers such as the Guaporé and the Tapajos in
Brazil are important nesting areas, with . , and
. , nesting females, respectively. The population at
the Iténez Reserve (Beni Department), on the Guaporé
(Iténez) River in Bolivia, is the largest protected population
outside Brazil (, nesting females). Analysis of the trends
in number of nesting females in the Brazilian rivers moni-
tored by Projeto Quelônios da Amazônia suggest that some
populations are declining, although others appear to be stable
or increasing (Fig. ). Of the nine areas monitored, popula-
tions in at least three river basins (Trombetas, Javaés and
Rio Branco) appear to be decreasing, four suggest positive
trends (Tapajós, Guaporé, Foz do Amazonas, Purus), and
for the other two there is no evidence of a significant trend
(Table ). It is currently not possible to evaluate the overall
trend across the Amazon basin because many of the
programmes have not been collecting data for .  years,
as required to reliably evaluate population trends.

Abundance patterns

The multiple regression model that included data from all
countries showed that only latitude had a significant nega-
tive partial effect on the number of nesting females, with
higher latitudes corresponding to fewer nesting females
(F(.) = .; P, .; adjusted R = .; Table ). None of
the other variables had a significant effect on the number of
females.

The analysis for locations within Brazil had a similar
result, again only latitude had a significant, negative partial
effect on the number of nesting females (F(.) = .;
P, .; adjusted R = .). We found no correlation be-
tween the variables representing human pressure (popula-
tion density, distance to human settlements, income) and
turtle abundance patterns.

Discussion

Although there aremany conservation projects for P. expan-
sa across its range, not all of them have been monitoring
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their populations, and only a few have published population
estimates (Hernández & Espin, ; Mogollones et al.,
; Peñaloza et al., ). For the few areas in Brazil that
have been monitored for .  years, results indicate that

populations in some localities appear to be recovering and
exhibiting positive trends, whereas others are declining.
The general trend for the species, based on cumulative re-
ports from resource managers working across the species’
range, is believed to be a decline compared to historical
abundances. However, because only a few basins have been
monitored for a sufficiently long period, it is difficult to
evaluate the species’ global population status and whether
it is recovering as a result of conservation interventions.
The database compiled here serves as a starting point for de-
veloping a regional monitoring programme. Brazil is already
implementing a comprehensive national monitoring system
for turtles (IBAMA, ), and we recommend a simpler
version to be implemented internationally, recording basic
information over time, including number of nesting females,
reproductive output, and human consumption.

It could seem that . , nesting females of P. ex-
pansa managed across the Amazon and Orinoco Basins is

FIG. 1 Sites with ongoing
conservation or monitoring
activities for the giant river turtle
Podocnemis expansa in the
Amazon and Orinoco River basin,
indicating the number of
reproductive females estimated
for each site. The size of the dots
corresponds to the number of
nesting females at each site.

TABLE 1 Number of reproductive females (estimated from number
of nests) of the giant river turtle Podocnemis expansa under conser-
vation or management in  across the species’ global range.

Country
Number of females under
protection in 2012–2014

Year first pro-
gramme started

Ecuador 6 1992
Peru 4,141 1985
Venezuela 1,043 2007
Colombia 2,428 1987
Bolivia 30,089 2007
Brazil 109,473 1967
Total 147,180
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a large number. However, these numbers are dwarfed by
historical accounts of the number of turtles harvested.
During –,  million eggs were exported annually
from the upper Amazon and the Madeira (Bates, ).
This corresponds to c. , females (Bates, ), three
times the current global protected population. And al-
though the Amazon and Orinoco Basins are vast areas
with expansive river systems, where enforcement and mon-
itoring can seem unmanageable, the  protected sites
described here harbour an important portion of the popula-
tion of P. expansa. The top six sites alone (five in Brazil and
one in Bolivia) account for . , nesting females.
Ensuring long-term protection of the top sites in Brazil
and at least the largest population in each of the other coun-
tries would secure more than two-thirds of the protected
population.

Abundance patterns of the studied turtle populations did
not correlate with variables representing human use, such as
human population density or nesting beach distance to
human settlements. Rather, there is a strong latitudinal pat-
tern in abundance, with more females nesting per locality at

lower latitudes. This pattern may be associated with the
strong currents and presence of rapids in most of the tribu-
taries that flow north to south. We did not detect an effect of
human use on present abundance patterns. However, it is
possible that the variables used as measures of human use
do not adequately represent actual harvesting levels, or
that captured individuals are transported over long dis-
tances. There are studies from the Guaporé River that dem-
onstrate an effect of human use on abundance patterns and
size distribution at a more localized scale (Conway-Gómez,
; Lipman, ). Professional poachers may not be
local to the area in which they operate, and turtles are
shipped to the largest cities in the Amazon (Belém and
Manaus), so our approach may not be suitable to determine
whether or not human use affects turtle populations at these
sites at the scale of this study.

One of the most commonly used methods used to in-
crease natural populations of P. expansa is nest relocation
(Jaffé et al., ). Long-term monitoring projects have
shown that when all technical guidelines are followed,
there is no reduction in hatching rate, and no difference in

FIG. 2 Population trends of P. expansa in nine rivers monitored in Brazil (presented as simple moving average of orders –).
Source: IBAMA, .

TABLE 2 Linear regression results for number of P. expansa hatchlings over time in nine river basins monitored in Brazil. Results with a
slope significantly different from zero are denoted with *, negative and positive coefficients indicate negative and positive trends over time,
respectively.

River Estimate (β) SE t P df R2

Tapajós* 0.09 0.01 11.75 , 0.001 37 0.79
Guaporé* 0.13 0.01 9.23 , 0.001 28 0.75
Xingu 0.04 0.02 1.59 0.123 28 0.08
Trombetas* −0.13 0.02 −8.09 , 0.001 28 0.70
Rio Branco* −0.07 0.02 −3.14 , 0.01 26 0.27
Foz do Amazonas* 0.16 0.03 4.64 , 0.001 26 0.45
Purus* 0.05 0.01 4.76 , 0.001 26 0.47
Rio das Mortes −0.04 0.03 −1.48 0.150 26 0.08
Javaés* −0.04 0.02 −2.38 0.025 24 0.19
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sex ratio, growth rate, and motor skills of hatchlings between
natural nests and translocated nests (Hernandez & Espin,
; Andrade, ). On the other hand, some research in-
dicates that clutch relocation can affect the embryos and
hatchlings in several ways: increasing post-hatching mortal-
ity and the incidence of morphological abnormalities (Jaffé
et al., ), shifting sex ratio of hatchlings in species with
temperature-dependent sex determination (Valenzuela &
Ceballos, ), and reducing physical condition of hatch-
lings (Remor de Souza & Vogt, ; Jaffé et al., ).
Thus, we recommend nest relocation only as a management
option of last resort, in cases where reproduction would
otherwise be severely compromised. Such situations could
include changes in flooding dynamics caused by dams, or
particularly high human pressure on turtle populations.

Themost commonly used form of hatchlingmanagement,
head-starting, is also one of the most controversial practices
in river turtle conservation. Some authors have documented
negative effects of keeping hatchlings in captivity: nutritional
deficits (Snyder et al., ; Seigel & Dodd, ; Boede &
Hernández, ) and increased probability of illnesses
caused by viruses, bacteria and parasites (Seigel & Dodd,
; Boede &Hernández, ). Additionally, head-starting
may interrupt a vital part of the turtles’ life cycle, as post-
hatching parental care has been reported for this species
(Ferrara et al., ). Studies using population models and
elasticity analyses show that the survival of river turtle popu-
lations is affected more by the survival rates of adults and
subadults than that of hatchlings and yearlings (Mogollones
et al., ; Páez et al., ). Therefore, and considering the
potential negative effects of head-starting, we recommend
that turtle conservation programmes focus on in situ conser-
vation strategies such as protecting nesting beaches and
reducing the hunting of adult female turtles.

Although there are many initiatives for the conservation
of P. expansa, few outside Brazil are monitoring populations
to assess the effectiveness of their actions. It is possible that

continued harvest for illegal trade and habitat destruc-
tion are surpassing the effects of conservation efforts
(Klemens, ), as in some sites the loss of adults has
exceeded recruitment. The Reserva Biológica do Rio Trom-
betas, which once harboured one of the largest populations
of P. expansa in Brazil, had c. , nesting females in the
s and s (Zwink & Young, ). The population
now consists of,  females (Fig. ). Knowledge of demo-
graphic variables and parameters such as population size
and structure, and age-specific survivorship, is essential
for evaluating trends and determining a species’ conser-
vation status. Monitoring and research that collects these
data should thus be prioritized by organizations that lead
turtle conservation programmes. In cases where it is not
possible to capture turtles (because of local beliefs or restric-
tions) or when recapture probability is very low, at least the
total number of nests and their survival probabilities should
be assessed. This includes monitoring the same beaches dur-
ing the entire reproductive season every year, to document
potential changes in the reproductive population.

Current conservation actions may not be sufficient
to prevent population declines going forward. In Brazil,
the government plans to build an additional  hydro-
electric dams in the Amazon Basin (Castello et al.,
). These could be a significant threat for P. expansa
and other river turtles, flooding their nesting sites and
feeding grounds, or isolating them from nesting beaches
(Pezzuti et al., ). Knowledge of how populations
of P. expansa are currently being affected by human
activities and how they are responding to conservation
measures is still limited. Only through long-term moni-
toring of populations across the species’ range will it be
possible to predict future persistence of the species and
inform broad-scale conservation action. Podocnemis ex-
pansa has a large home range and migrates over hundreds
of kilometres (Pezzuti et al., ; Andrade, ), which
necessitates conservation actions at a broad geographical

TABLE 3 Multiple regression results indicating coefficients and significance level for the influence of latitude, longitude, population density
and distance to nearest city (by river) on the number of nesting females.

Variable Estimate (β) SE t P

All countries
Latitude −2.94E−06 7.04E−07 −4.182 7.58E−05
Longitude −4.69E−09 2.82E−07 −0.017 0.9868
Human population density −7.97E−02 6.73E−02 −1.185 0.2398
Distance to city −9.62E−09 5.77E−09 −1.669 0.0992
Brazil only
Latitude −2.35E−06 8.02E-07 −2.94 0.0046
Longitude 6.15E−07 4.82E−07 1.28 0.2063
Human population density −2.43E−04 2.32E−04 −1.05 0.2992
Municipality population −4.23E−05 3.89E−05 −1.09 0.2812
Municipality GDP1 −8.68E−07 4.94E−06 −0.18 0.8612
Distance to city −6.86E−06 9.70E−06 −0.71 0.4819

GDP, gross domestic product.
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scale. A collaborative effort across nations to develop
protected areas and monitor the species across both the
Amazon and Orinoco Basins is essential for the survival
of this species.
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