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Abstract  

Amazon river turtles are under significant threat from overharvesting. Since the late 1970’s the Bra-

zilian Government has established a number of Biological Reserves for protection of their nesting 

sites. The conventional approach of managing river turtles within these reserves, also referred to as 

the “fences-and-fines” approach, relies on the efforts of a few Government rangers patrolling the 

main nesting sandbanks with minimal involvement from the local community. This method has been 

used at the Rio Trombetas Biological Reserve (ReBio-Trombetas), in Pará State, Brazil, since the early 

1980’s, to protect the Giant South American River Turtle (Podocnemsis expansa). More recently, a 

“community-based management” approach to conservation has been trialled at Lake Erepecu in the 

ReBio-Trombetas to protect two other species of riverine turtles (Podocnemis unifilis and P. sextu-

berculata). This approach involves active participation of the local community in the protection of 

turtle nesting beaches.  Our study tested the effectiveness of these two approaches to Amazon river 

turtle conservation, based on the number of hatchlings produced each year. Our results suggest that 

a detailed understanding of the life-history traits of species is fundamental to determining effective 

management measures for conservation. The effectiveness of the two management approaches 

(“fences-and-fines” or “community-based”) under the Trombetas scenario was highly related to the 

turtle nesting behaviour. Podocnemis unifilis and P. sextuberculata conservation is more effective 

under a community engagement program. In contrast, our model indicates “fences-and-fines” as the 

most appropriate approach for P. expansa, which is socially gregarious during the nesting season. 

However, the number of P. expansa hatchlings at the Reserve has declined by 94% from 1981 to 

2016. The early success of the management approach trialled at Lake Erepecu suggests that conser-

vation programs which engage the community, and recognise the importance of protecting all life 

stages, have a greater chance of success.  
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Introduction 

Chelonians are one of the most ancient and persistent lineages of vertebrates, with an evolutionary 

history dating back over 200 million years (Bonin et al. 2006; Ernst & Barbour 1989). They are also 

one of the most endangered group of vertebrates with 42% of the 356 extant species listed as 

Threatened in the IUCN 2017 Red List (Mittermeier et al. 2015; Stanford et al. 2018). The harvest of 

turtles for food is considered the main factor contributing to the decline of chelonian populations in 

almost half of taxa globally (Caputo et al. 2005). 

This is also the case for many of the sixteen species of river turtles found in the Brazilian Amazon 

which have been exploited  from pre-Columbian times for their meat and eggs (Cantarelli et al. 

2014). The Spanish explorer Carvajal wrote of seeing thousands of turtles kept for fresh meat in 

wooden pens at Indian settlements along the Amazon River during a journey from Peru to the mouth 

of the Amazon in 1543 (Alves et al. 2012). The arrival of Portuguese colonists saw further exploita-

tion of river turtles with the establishment of a major trading enterprise based on turtle egg oil, with 

egg collection and oil production strictly controlled by the Portuguese Crown (Fig. 1) (Alves et al. 

2012).  

Concerns regarding the risk of over exploitation of the giant South American river turtle (Podocnemis 

expansa), the neotropical’s largest freshwater turtle, were raised as early as 1814 by the natural his-

torian Humboldt during his travels to the Amazon (Humboldt & Bonpland 1895). The level of exploi-

tation was further highlighted by Bates (1863) who reported that approximately forty-eight million P. 

expansa eggs were collected annually between 1848 and 1859 for exportation to Pará from a section 

of the Solimões River and the Madeira River. According to Bates (1863) “The universal opinion of the 

settlers on the Upper Amazons is, that the turtle has very greatly decreased in numbers, and is still 

annually decreasing”.  

In more recent times, overharvesting in conjunction with the loss of critical nesting habitat has led to 

catastrophic population declines in many turtle species across Amazonia (Gibbon et al. 2000; Peres 

2000). Though harvesting of wild populations was banned by the Brazilian Government in 1967 
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(Antunes et al. 2016; Cantarelli et al. 2014) turtle hunting remains a way of life and a major source of 

protein for many indigenous and riverine communities with mature females, eggs and neonates reg-

ularly harvested (Alho 1985; Alves et al. 2012). The level of harvest in some areas is very high with 

Silva (2016) recording the  poaching of 99% of nests on unprotected beaches in the Juruá River 

(Amazonas State, Brazil). The rapidly increasing human population, combined with improved roads 

and access to remote areas in the Brazilian Amazon, is further exacerbating the threat to Amazon 

river turtles. 

 

Figure 1: Conibo Indians in 1866 depicted crushing turtle eggs to extract oil along the Ucayali River in 
the Amazon (Marcoy 1875) 

The side-necked turtles (Podocnemididae), in particular, have been significantly impacted with the 

three widely distributed and sympatric species the giant South American river turtle (P. expansa), 

the six-tuberculed Amazon river turtle (P. sextuberculata) and the yellow-spotted river turtle (P. uni-

filis) highly rated as a staple food source by local communities (Fig. 2) (Fachín-Terán et al. 2004; 

Pantoja-Lima et al. 2014; Silva et al. 2011). In response, the Brazilian Government implemented the 

National Action Strategy and Plan for the Conservation of Amazon Chelonians (ICMBio 2015) with P. 

expansa, P. sextuberculata and P. unifilis nominated as the target species. 
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Increasing concerns, however, with declining turtle populations and insecurity around the level of 

protection provided by Brazilian government authorities, has seen the IUCN/SSC Tortoise and 

Freshwater Turtle Specialist Group (TFTSG) recommend the downgrading of the IUCN Red List status 

of  P. unifilis and P. sextuberculata from Vulnerable to Endangered and to significantly downgrade P. 

expansa from Lowest Concern/Conservation Dependent to Critically Endangered (Eisemberg et al. 

2019). The revised threat ratings for all three species highlights the increased conservation urgency 

and the need to ensure the most effective management measures are taken to avoid extinctions.  

  

 

Figure 2. Three turtle species that nest in the lower Amazon: (A) giant South American river turtle or 

tartaruga (P. expansa); (B) six-tuberculed river turtle or pitiú (P. sextuberculata); (C) yellow-spotted 

river turtle or tracajá (P. unifilis). Photo credit Carla Eisemberg. 

The key international agreement for conserving biodiversity, the Convention on Biological Diversity, 

recognises Protected Areas (PAs) as a central strategy for protecting wildlife (Oldekop et al. 2016; 

Rao et al. 2016). The strategy is enshrined in Aichi Biodiversity Target 11 of the Strategic Plan for 

Biodiversity 2011-2020 (CBD 2010) which aims to increase the area of terrestrial and inland water 

conserved globally from 13 per cent to a minimum 17 per cent.  

Similar to other tropical countries, protected areas are the most widespread conservation measure 

adopted in Brazil (Dudley 2008; Naughton-Treves et al. 2005).  Home to one-third of the world's 



 

 

 

Page 4 

tropical forests and 12% of its PAs (UNEP-WCMC 2017) Brazil was a global leader in the creation of 

PAs in the 2000’s, accounting for 74% of the total area protected globally from 2003 to 2009 (Jenkins 

& Joppa 2009). As a result of this expansion, approximately 2.5 million km2, or 28.9%, of Brazil’s total 

land area is now protected (UNEP-WCMC 2017). This includes at least 25% of the Amazon River, 

which supports a higher number of freshwater  species than any other river system in the world 

(Böhm et al. 2013).  

The successful achievement of area-based targets for protected areas does not, however, guarantee 

a desirable outcome in terms of biodiversity conservation (Barnes et al. 2017; Leverington et al. 

2010). The majority of protected areas are seeing ongoing declines in biodiversity, although at lower 

rates than in surrounding areas  (Leadley et al. 2014). This has led to a re-examination of the effec-

tiveness of PAs in maintaining biodiversity. Though many factors are known to impact the effective-

ness of PAs, including design and ecological representativeness, particular focus has been placed on 

the way protected areas are governed and managed (Rao et al. 2016). This is particularly so for coun-

tries in the developing tropics, such as Brazil, where a significant proportion of the population still 

retain a substantial dependence on natural resources for their livelihoods.  

The conventional approach to management of protected areas is based on strict protection. Under 

this approach people are excluded from protected areas and the state has complete decision-making 

authority on management of the area (Rao et al. 2016). This exclusionary approach has been re-

ferred to as the fences-and-fines approach and is based on the American national park model (Lele 

et al. 2010; Songorwa et al. 2000). This approach to wildlife protection is now perceived by many 

conservationists to have failed, particularly in developing countries (Songorwa et al. 2000). 

During the 1980s and 1990s an alternative management approach, which recognised the importance 

of integrating biodiversity conservation with the needs of local communities, was first proposed 

(Naughton-Treves et al. 2005). The aims of this approach were highlighted at the 1992 World Parks 

Congress when the congress delegates agreed “protected areas must be managed so that local 

communities, the nations involved, and the world community all benefit” (Naughton-Treves et al. 

2005). The inclusionary principles of this approach, based on respect for indigenous and local com-
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munity knowledge and practice, were subsequently adopted by the Convention on Biological Diversi-

ty and incorporated in Aichi Target 18 of the Strategic Plan for Biodiversity 2011-2020 (CBD 2014). 

This approach to conservation management, whereby local communities are given ownership rights 

or custodianship and management responsibilities for wildlife resources, is commonly referred to as 

Community-based Management (CBM). Whereas the strictest regimes of PA management attempt-

ed to exclude human influences to achieve biological conservation objectives, PAs that explicitly in-

tegrate local communities and Indigenous people are now considered to be more effective at achiev-

ing joint biological conservation and socioeconomic development outcomes (Miorando et al. 2013; 

Naughton-Treves et al. 2005; Rao et al. 2016).  

Beginning in 1979, a number of federally managed Biological Reserves have been established in Bra-

zil for the primary purpose of protecting endangered species. This includes the Rio Trombetas Bio-

logical Reserve, or Reserva Biológica Do Rio Trombetas (ReBio-Trombetas) in Pará State, which was 

the first reserve established in the Brazilian Amazon with the principal aim of  protecting mature 

female Podocnemididae river turtles and their nesting sites (Eisemberg et al. 2017; Rodrigues 2005).  

The conventional method of threatened species conservation relies on strict law enforcement to 

enforce bans on turtle hunting and egg harvesting. Until recently, this approach has been used to 

manage river turtles in Brazil’s Biological Reserves, including ReBio-Trombetas. The implementation 

of this approach is primarily dependent on the efforts of a few government-employed rangers during 

the nesting season with minimal resources and limited involvement from the local community. In the 

ReBio-Trombetas reserve, rangers are responsible for monitoring the main nesting sandbanks (local-

ly referred to as tabuleiros) and adjacent river channels where turtles congregate prior to laying their 

eggs. This method has been used at the Tabuleiro Basecamp within the Reserve since the early 

1980’s, principally for the protection of P. expansa females and nests. 

More recently, the Chico Mendes Institute for Nature Conservation (Instituto Chico Mendes de Con-

servação da Biodiversidade - ICMBio), an agency of the Brazilian Ministry of the Environment (MMA) 

which manages all of Brazil’s Biological Reserves, has trialed a community-based approach to con-

servation at Lake Erepecu, also located in the ReBio-Trombetas. This more inclusionary approach 
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recognises the needs of traditional cultures and livelihoods and involves active participation of the 

local community in the protection of turtle nesting beaches, as well as the transfer of turtle nests to 

protected areas (Fig. 3).  

 

Figure 3. Photo of translocated P. sextuberculata and P. unifilis nests on a beach protected by the 

Quilombola community at Lake Erepecu, Rio Trombetas Biological Reserve, Brazil. Photo credit Lou 

Martini. 

However, effectiveness of the two management approaches used to protect Podocnemididae at 

ReBio-Trombetas has not been investigated in depth. Neither, to the best of our knowledge, has an 

assessment of the effectiveness of conventional and community-based management approaches 

occurring simultaneously in the same Biological Reserve been undertaken in the Brazilian Amazon.  

With Podocnemis species under increasing threat, and limited financial and human resources availa-

ble for their protection, it is important the most effective management approach be adopted by the 

Reserve managers to maximise conservation success and to minimise the risk of extinction. It is also 

important that the conservation urgency for each species is known, so that priority can be given to 

the conservation of species most at risk. 
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To support conservation planning efforts at Re-Bio Trombetas, our study aims to determine the rela-

tive effectiveness of the two management approaches currently used at the Reserve to protect the 

nesting sites of P. expansa, P. sextuberculata and P. unifilis. This will be achieved by undertaking a 

comparison of the long-term trends in annual hatchling success for the three species at Tabuleiro 

(conventional management) and Lake Erepecu (CBM) within the Reserve. The results of our study 

will also help inform management programs for Podocnemididae and other freshwater turtles across 

the Amazon. 

In addition, to further assist conservation managers, this study aims to develop a novel risk man-

agement approach to determine the vulnerability to harvest and optimal management approach 

(conventional or CBM) for each of the species studied. This will be achieved by using species life his-

tory traits, in conjunction with social and economic factors driving harvest pressure in the Brazilian 

Amazon, to determine the relative vulnerability of each species to harvest and their relative respon-

siveness to the two management approaches. To verify our findings, we compared the predictions 

for each species against the long-term annual trends in turtle hatchling numbers at Re-Bio Trom-

betas.  

Material and Methods 

Study Area 

Rebio-Trombetas is located on the northeast side of the Trombetas River, in the municipality of 

Oriximiná, Pará, Brazil (1°22′19″S; 56°51′30″W). The Reserve covers an area of 4077.55 km² and is 

bounded on one side by the Saracá-Taquera National Forest. Though classified as a Biological Re-

serve with access strictly protected (Fig 4.), the Reserve is home to a number of indigenous peoples 

and traditional Quilombola (Afro-Brazilian descendants of slaves) communities (Eisemberg et al. 

2017). 

Within the reserve there are two main areas which are the focus for conservation of river turtles. 

The first of these, Tabuleiro Basecamp (Fig. 4), is located close to the main nesting sandbanks of P. 
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expansa and P. sextuberculata named Leonardo, Farais, Jacare and Uerana (Eisemberg et al. 2017). 

Podocnemis unifilis and P. sextuberculata also nest in smaller sandbanks located across the Reserve 

(Eisemberg et al. 2017).  

The Tabuleiro site is conventionally managed by ICMBio rangers who monitor daily the main beaches 

and sandbanks during the nesting season to prevent poaching of adult females and eggs. The area 

monitored and protected by rangers varies according to the resources allocated in a given year. The 

team of permanent and temporary environmental rangers is supported by the local military police 

and ICMBio officials, who are engaged once the presence of illegal poachers is identified (Moura 

2017). The community is not directly involved in any conservation measures at the Field Station. Pro-

tection is mostly of P. expansa nests with some P. sextuberculata and P. unifilis nests also protected. 

There is little or no translocation of turtle nests.  

At Lake Erepecu (Fig. 4), the resident Quilombola community is actively engaged in the management 

of the area, leading conservation efforts in the protection of P. sextuberculata and P. unifilis nests. 

This includes the active translocation of nests to sandbanks where the community can provide con-

tinuous protection, minimising the level of illegal harvest of turtle nests (Eisemberg et al. 2017). The 

community volunteers are supported by managers and researchers from ICMBio. For example, in 

2016 this included the delivery of a workshop to provide environmental education to community 

members and to ensure a standard approach was used in the management and monitoring of the 

turtles. A total of 75 community members were involved in the workshop. In addition, 20 children 

from the community were involved in activities aimed at raising awareness of the local biodiversity, 

especially reptiles and amphibians. All participants received certificates to recognise their attend-

ance at the course. During the 2016 season 25 volunteer families from the local Quilombola commu-

nity participated in the turtle conservation program. This involved the families relocating to tents or 

huts on the ten protected beaches at Lake Erepecu during the nesting season (September to No-

vember).  To ensure each beach never remained unattended, up to three families were allocated to 

each beach. The families were responsible for the translocation and protection of the nests and re-

productive females and the release of the hatchlings. They were also involved in the monitoring of 

natural nests at the Lake (Moura 2017).  Though community volunteers received no direct financial 
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remuneration for their efforts, they were provided with baskets for collection of the eggs and re-

lease of the hatchlings, as well as a supply of fuel and other material and technical assistance.  

 

Figure 4. Map of ReBio-Trombetas with areas monitored and protected by ICMBio rangers (A) and 

the areas protected by local communities (B) during the turtle nesting season highlighted in red. 

(Adapted from Eisemberg et al. 2017).  

Analysis 

Long-term annual trend in turtle hatchling numbers at Rebio-Tromebtas 

Data sources 

Long-term records of Amazon River turtle hatchling production (number of hatchlings released per 

year) at the ReBio-Trombetas were provided by the Brazilian Government System for Information 

and Management of Amazon Turtles (SisQuelônios/Ibama/ICMBio, via 

http://www.ibamanet.ibama/sisquelonios). The data consists of 35 years of nesting monitoring rec-

ords from Tabuleiro Basecamp, covering the period 1981 to 2016. The nesting data from Lake 

Erepecu covers the period 2003 to 2016. Measures of the number of turtle hatchlings per season is a 

standard method used in Amazon River turtle nesting site protection and monitoring programs, and 

is, in many cases, the only long-term data available to assess population and nesting success trends 

for river turtles.  
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Data analysis 

The data provided by ICMBio was used to determine the long-term annual trend in hatchling num-

bers at Tabuleiro Basecamp (conventional management) and Lake Erepecu (community-based man-

agement) within ReBio-Trombetas. This involved performing a simple regression on the number of P. 

expansa hatchlings released at Tabuleiro Basecamp, from 1981 to 2016. To determine if the com-

munity engagement program at Lake Erepecu had impacted hatchling numbers at Tabuleiro Beach, a 

simple regression was performed on the number of P. expansa hatchlings from 2003 to 2016, after 

the community engagement program at Lake Erepecu had started.  

Additional analysis was required to determine the long-term annual trend in the number of hatch-

lings released at Lake Erepecu, as the source data on the number of P. sextuberculata and P. unifilis 

hatchlings were pooled together during the years 2008 to 2011. To estimate the numbers for each 

species for these years the values from 2003 and 2012, 2013, 2014, 2015 and 2016 were used, when 

the number of hatchlings for each species had been counted separately.  

There was a significant correlation (R2 = 0.99; F1,4 < 1258; p < 0.001) between the number of P. unifilis 

hatchlings and the total of number of hatchlings. This indicates that the number of P. unifilis and P. 

sextuberculata hatchlings could be inferred from the total number of hatchlings of a given year, us-

ing the equation:  

Number of P. unifilis hatchlings = (0.9185 x total number of hatchlings) - 687.56). 

The values obtained were used for each species to determine the long-term hatchling trends of P. 

sextuberculata and P. unifilis at Lake Erepecu from 2003 to 2016.  

Statistical analyses were performed using the open-source statistics program R (R Development Core 

Team 2014 – http://www.r-project.org) and Microsoft Excel 2013.  

Predicting vulnerability to harvest and optimal management approach  

A novel approach was used to predict the vulnerability to harvest and the optimal management ap-

proach (conventional or CBM) for each of the species studied. We used species life history traits, in 
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conjunction with local social and economic factors driving harvest pressure, to determine the rela-

tive vulnerability of each species to harvest and their relative responsiveness to the two manage-

ment approaches. To verify our approach, we compared the predictions for each species against the 

recorded long-term trends in hatchling numbers at Re-Bio Trombetas using the data published by 

ICMBio. 

Data sources 

Peer reviewed articles and grey literature were reviewed to obtain data on the life history traits of 

Podocnemis species and the social and economic values attributed to each species by indigenous, 

riverine and urban communities in the Brazilian Amazon. Information on the conservation status of 

the three river turtles and the different management approaches implemented at ReBio-Trombetas 

was also sourced from the literature reviewed and personal observations from a visit to the site in 

November 2016. 

Data analysis 

Vulnerability to harvest  

The vulnerability of a given species to any threat is a combination of their exposure and intrinsic sen-

sitivity to the threat (Williams et al. 2008). We used known life history traits (body mass, clutch 

mass, nesting behaviour, nest site and incubation period) of each species, in conjunction with the 

social and economic value (commercial, traditional and cultural) attributed to each species by local 

communities, to determine their relative vulnerability to harvest.  

Life history traits were ranked low, medium or high risk for each species with higher rankings pre-

dicted to make species more vulnerable to harvest. The rankings were based on the following as-

sumptions:  

a) Body mass – the larger the turtle species the more vulnerable it is to harvest. Larger turtles 

provide a larger source of protein and require less effort per kilogram of catch for those in-

volved in illegal harvest; 

b) Clutch mass – similarly, the larger the clutch mass (clutch size x egg size) the more vulnerable 
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a species is to harvest; 

c) Level of gregariousness in nesting behaviour – the more gregarious the nesting behaviour the 

more vulnerable a species is to harvest. Larger congregations of turtles are more accessible 

and provide greater harvest potential; 

d) Accessibility of nest site – the more accessible and exposed the nest site the more vulnerable 

a species is to harvest. In particular, river turtles that nest on large exposed sandbanks are 

more accessible to harvest than species that nest in less exposed areas such as vegetated 

river margins, and 

e) Incubation period – the longer the incubation period the greater the probability the nest will 

be found and therefore the more vulnerable a species is to harvest. 

Social and economic values were ranked low, medium or high risk for each species with higher val-

ues predicted to make species more vulnerable to harvest. The rankings were based on the following 

assumptions:  

a) Commercial value – species which command a higher price for meat and eggs, or other illegal 

commercial trade such as the pet trade, are more vulnerable to harvest;  

b) Traditional value as a source of food – species whose meat or eggs are more favoured as a 

source of protein will have higher harvest pressure and are more vulnerable to harvest; and 

c) Cultural value – turtles with a high cultural value, for example species used to celebrate 

feasts, or to make ornaments, are more vulnerable to harvest and will be subject to greater 

harvest pressure. Conversely, turtles which are culturally considered taboo, will be less at-

tractive to harvest. 

As the social and economic values attributed to the three species differs between communities 

across the Amazon, the rankings used for this study were based on values attributed by local 

communities where possible. 
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Responsiveness to conventional and community-based management actions 

Life  history traits that are predicted to promote resilience and recovery and reduce extinction 

risk include high reproductive rates, fast life history (fast annual growth rate, earlier age of reach-

ing sexual maturity) and short life span (Williams et al. 2008). Of these, only data on reproductive 

traits are readily available for Amazon river turtles. We therefore used frequency of clutch laying 

per year,  clutch mass and incubation period, as well as nesting behaviour (level of gregarious-

ness when nesting, accessibility/exposure of nest site, nest depth, length of nesting season and 

distance between feeding grounds and nest sites) to rank each species responsiveness to con-

ventional and community-based management actions, used to limit harvest. 

Conservation actions (both conventional and CBM) used at ReBio-Trombetas to protect Po-

docnemis species were ranked low, medium or high for each species, with actions with a higher 

ranking predicted to be more effective and provide a better conservation outcome. The rankings 

were based on the following assumptions:  

Conservation actions based on strict protection and strong law enforcement to protect river tur-

tles from harvest are more effective for species with the following life history traits: 

a. More gregarious nesting behaviour – the larger the congregation of turtles at one site the 

easier they are to protect, and the less resources required; 

b. More accessible nesting sites – similarly, river turtles that nest on large exposed sandbanks 

are easier to locate and protect than species that nest in less exposed areas such as small 

sandbanks near vegetated river margins; 

c. Shorter nesting season and lower clutch laying frequency per year – the shorter the nesting 

period and the fewer clutches per year the less resources and effort required to protect tur-

tles; 

d. Larger clutch sizes and deeper nest depth – the translocation of eggs to protected beaches 

will be harder and less successful for species with larger clutch sizes and deeper nest depth; 

and 
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e. Longer home ranges (distance between feeding grounds and nesting sites) – the longer the 

dispersal and migration distances the more reliance on law enforcement resources external 

to the protected area; 

Conversely, CBM actions based on increased community awareness and engagement, improv-

ing community livelihoods and translocation of eggs to protected beaches are more effective 

for species with the following life history traits: 

a. Less gregarious nesting behaviour – the more widely distributed the nests, the more 

effective are CBM actions which rely on dispersed local communities / families to protect 

nesting sandbanks. 

b. Less accessible/exposed nesting sites – similarly, CBM is more effective for river turtles 

that nest in less accessible and exposed areas and which require significant effort and lo-

cal traditional knowledge to find and protect nest sites.  

c. Longer nesting season and higher frequency of clutch laying per year – the longer the 

nesting season and the more clutches laid per year the more effective and less costly are 

conservation actions which utilise local communities to protect nesting beaches. 

d. Smaller clutch sizes and shallower nest depth – the translocation of eggs to protected 

beaches will be easier and more successful for turtles which lay fewer eggs per clutch at a 

shallower nest depth; and 

e. Shorter home ranges (distance between feeding grounds and nest sites) – the shorter 

the dispersal and migration distances the less reliance on communities outside the re-

serve to protect adult river turtles. 

Optimal management approach  

We used the relative rankings of the vulnerability to harvest of P. expansa, P. sextuberculata and P. 

unifilis, in conjunction with their relative responsiveness to conservation actions, to predict the most 

effective management approach for each species. We allocated values of 3, 2 and 1 to the high, me-

dium and low rankings for tables 2 and 3 and created a scatterplot with the sum of the values of the 
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relative vulnerability to harvest becoming the y axis values and the sum of the values for relative 

responsiveness to conservation actions (with CBM and Fences-and-fines separated) becoming the x 

axis values.  

Results 

Long-term annual trend in turtle hatchling numbers  

Conventional management – Tabuleiro Basecamp 

A simple regression on the number of P. expansa hatchlings released at Tabuleiro Basecamp from 

1981 to 2002 (prior to the commencement of the community engagement program at Lake Erepecu) 

showed a significant decline over the period (R2 = 0.71; F1,20 = 49.5; p < 0.001) (Fig. 5a). This reflected 

the number of hatchlings per year decreasing from almost 450,000 in 1982 to less than 50,000 in 

2002. In contrast, the regression of the number of P. expansa hatchlings from 2003 to 2016 (after 

the community engagement program had started) showed no significant trend (R2 = 0.003; F1,11 = 

0.04; p = 0.85) (Fig. 5b). 
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Figure 5. Number of P. expansa hatchlings released at the Tabuleiro Basecamp, from 1981 to 2016. 

Dashed perpendicular line represents the beginning of the community-based program. There was a 

significant decline on the number of P. expansa hatchlings (a) prior to community engagement pro-

gram (R2 = 0.71; F1,20 = 49.5; p < 0.001). No significant trend on number of P. expansa hatchlings was 

observed (b) after the community engagement program started (R2 = 0.003; F1,11 = 0.04; p = 0.85).  

Community-based management – Lake Erepecu 

Simple regressions on the number of hatchlings released at Lake Erepecu from 2003 to 2016 showed 

a significant increase in both the number of P. sextuberculata hatchlings (R2 = 0.77; F1,8 = 27.22; p < 

0.001) (Fig. 6a) and the number of P. unifilis hatchlings (R2 = 0.61; F1,8 = 12.35; p < 0.01) (Fig. 6b). 
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Figure 6. Number of (a) P. sextuberculata (R2 = 0.77; F1,8 = 27.22; p < 0.001) and (b) P. unifilis hatch-

lings released at Erepecu Lake (R2 = 0.61; F1,8 = 12.35; p < 0.01), from 2003 to 2016, during the com-

munity-based program. 

 

Vulnerability to harvest and optimal management approach 

Life history traits of Amazon River turtles 

The three Podocnemididae species differed in a number of the key morphological, demographic and 

reproductive life history traits we used to determine their relative vulnerability to harvest (Table 1). 

Morphologically, P. expansa is larger than the other two species, with a maximum carapace length of 

107 cm for females and weighing up to 90 kg, almost one third more than its male counterparts (Bo-

nin et al. 2006). This is approximately thirty times the body mass of females of the smallest species P. 

sextuberculata, which weighs up to 3.2 kg and measures up to 34 cm in length. Females of P. unifilis 

may have a maximum carapace length of 68 cm and weigh up to 9 kg.  

The clutch size, egg size and clutch mass for P. expansa is also significantly higher than for P. sextu-

berculata and P. unifilis, with an average clutch size of 104.4 eggs and mass of 36.9g providing a po-
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tential egg harvest of almost 4kg per nest. In contrast, the average clutch size and mass for P. unifilis 

is 22.5 eggs and 506.1 grams and 15.1 eggs and 292 grams for P. sextuberculata. The higher fecundi-

ty of P. expansa, when compared with P. sextuberculata and P. unifilis is, however, offset by its pro-

duction of only once clutch per year, whereas P. unifilis has the capacity to produce two clutches per 

year, and P. sextuberculata up to three clutches per year, depending on environmental conditions. 

The three species migrate each season between their prime feeding grounds and nesting sites in the 

dry season when the river is at the lowest with P. expansa known to travel over 100 km (Fachín-

Terán et al. 2006). Their nesting behaviour and selection of nest site differs, however, with the more 

socially gregarious P. expansa found in large numbers, basking at the edge of nesting sandbanks for 

extended periods whilst their eggs develop (Bonin et al. 2006). Podocnemis sextuberculata are also 

found nesting on large exposed sandbanks. However, generally their nests are more widely dis-

persed, and they nest in lower densities than P. expansa. They are also found nesting on smaller 

sandbanks. In contrast, P. unifilis is less selective, nesting on smaller sandbanks, lake margins and in 

areas with surrounding vegetation up to 5 metres high (Arraes et al. 2016).  The nest depths for each 

species also varies significantly. The average depth of P. expansa nests is 61.6 cm compared with 

20.9 cm for P. sextuberculata and 13.9cm for P. unifilis. 

Within the ReBio-Trombetas, P. sextuberculata has the longest nesting season extending from Sep-

tember to November, whilst P. unifilis nests between September and October and P. expansa has 

the shortest nesting season, usually nesting in October. The average incubation period of between 

45 and 62 days for P. expansa is shorter than for the other two species. The eggs of P. sextuberculata 

eggs may take from 45 to 87 days to hatch, whilst P. unifilis has the longest incubation period rang-

ing from 66 to 159 days. 
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Table 1. Life-history traits of the three species of river turtles studied at ReBio-Trombetas, the giant South American river turtle (Podocnemis expansa), the six-tuberculed Amazon river 
turtle (P. sextuberculata) and the yellow-spotted river turtle (P. unifilis) 

Life history trait P. expansa  P. sextuberculata  P. unifilis  Source 

Maximum carapace length (cm) 
 

107 
 

34 68 Eisemberg et al. (2017) 

Maximum body mass (kg)  90 3.2 9 (Arraes & Tavares-Dias 2014; Conway-Gómez et al. 2014) 
Arraes and Tavares-Dias (2014), Conway (2014), Ojasti (1971), Pritchard and Trebbau (1984) 

Average clutch size  104.4 15.1 22.5 Alho and Pádua (1982), Arraes and Tavares-Dias (2014), Britto (1978), Conway (2014), Eisemberg (2016), Escalona et al. (1998), 
Fachin (1982), Ferreira-Júnior et al. (2010), Foote (1978), Haller and Rodrigues (2006), Medem (1964, 1969), Mosquira-Manso 
(1945), Pignati et al. (2013), Pritchard and Trebbau (1984), Souza and Vogt (1994), Thorbjarnarson et al. (1993), Vanzolini (1967), 
Vecchi (1978) 

Average egg mass (g)  36.9 19.3 26.5 Haller & Rodrigues 2006; Thorbjarnarson, Perez & Escalona 1993 

Average clutch mass (g)  3947 292.2 506.1 Arraes & Tavares-Dias 2014; Haller & Rodrigues 2006; Thorbjarnarson, Perez & Escalona 1993(Arraes & Tavares-Dias 2014; Haller 
& Rodrigues 2006; Thorbjarnarson et al. 1993) 

Clutch frequency (per year) 1 Up to 3 1 or 2 Richard Vogt Pers. Comm; ICMBio Manual 

Average incubation period (days) 54.4 
(45 to 62 days) 

57 
(45 to 87 days) 

68.5 
(66 to 159 days) 

Arraes and Tavares-Dias (2014), Eisemberg and Reynolds (2017), Ferreira-Júnior et al. (2010), Haller and Rodrigues (2006), Pignati 
et al. (2013)   

Average nest depth (cm)  61.6 
 

20.9 13.9 Arraes and Tavares-Dias (2014), Eisemberg and Reynolds (2017), Ferreira-Júnior et al. (2010), Haller and Rodrigues (2006)  

Nesting season (Trombetas)  October  Sept-November  Sept-October Reviewed by Eisemberg et al. (2017) 

Nest site 
 

Sandy open beach-
es.  

Large sandbanks, 
usually below P. ex-
pansa. Also nest on 
smaller banks. 

Small sandbanks, 
lake margins and 
vegetated areas  

Arraes et al. (2016), Reviewed by Eisemberg et al. (2017) 

Nesting behaviour Nest in large 
groups 

Nest in smaller 
groups 

Nest in small 
groups. 

Arraes et al. (2016), Reviewed by Eisemberg et al. (2017) 
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Vulnerability to harvest 

Our study found P. expansa to be the most vulnerable to harvest of the three Podocnemis species. It 

was ranked more highly for both criteria used to determine vulnerability, life-history traits and social 

and economic value (Table 2). Though life-history traits for P. sextuberculata and P. unifilis were 

ranked similarly, P. sextuberculata was found to be the least vulnerable species to harvest due to its 

lower social and economic value. 

Table 2. Relative rankings of the vulnerability of P. expansa, P. sextuberculata and P. unifilis to har-

vest. The rankings are based on the known life history traits and the social and economic value at-

tributed to each species. High = 3, Medium =2, Low = 1. 

 

 

 

The higher vulnerability of P. expansa to harvest is due principally to its larger body size, higher re-

 Relative vulnerability to harvest 

Attribute P. expansa P. sextuberculata P. unifilis 

Life history trait (intrinsic sensitivity to harvest) 

Body mass (kg) High Low Medium 

Clutch mass (kg) High Low Medium 

Nesting behavior (level of gre-
gariousness) 

High Medium Low 

Nesting site (accessibility) High High Low 

Length of nesting season Medium High High 

Total ranking score 14 10 9 

Social and economic value (level of harvest pressure) 

Commercial value ($) High Low Medium 

Traditional value as a source of 
food  

High Low High 

Cultural value (other than for 
food or $) 

High Low Medium 

Total ranking score 9 3 7 
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productive output and socially gregarious nesting behavior. Furthermore, the nests of P. expansa, 

which are clusted on large open sandbanks, are more easily located than the nest of the other two 

species. As a result, P. expansa presents those involved in illegal harvest with the highest return of 

food and eggs from harvest effort.  The results also indicate that P. expansa is clearly the most val-

ued species for harvest by local communities and commercial trade.  Not only is it ranked highly as a 

source of protein and for cultural significance, P. expansa also attracts the highest commercial return 

of the three species.  

Responsiveness to conservation actions 

Based on nesting behaviour, our study predicts P. expansa will be more responsive to a conventional 

management approach to conservation, which relies on strict protection and strong law enforce-

ment (Table 3). This is primarily due to its social gregariousness and the ease of access to its nesting 

sites. In contrast, our study found that P. sextuberculata and P. unifilis, will be more responsive to a 

community-based management approach, which is based on the engagement of local communities 

and families in the protection of nesting beaches and in the translocation of nests to protected 

beaches.     

Table 3. Relative rankings of the responsiveness of P. expansa, P. sextuberculata and P. unifilis to 

conservation actions. The rankings are based on the estimated level of response to conservation 

actions taken to minimise the risk from harvest according to the species known life history traits. 

High = 3, Medium =2, Low = 1. 

 

 

 

 

 

 

 

 Relative responsiveness to conservation actions 

Management ap-
proach/conservation action 

P. expansa  P. sextuberculata  P. unifilis  

Conventional  Management  (Fences-and-fines) 
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Predicting species vulnerability and optimal management approach  

P. expansa is the most vulnerable of the three Amazon river turtles to harvest (Fig 7.), requiring the 

highest level of conservation urgency. P. sextuberculata was found to be the least vulnerable. Our 

study also found that a community-based management approach is the most effective for protecting 

P. sextuberculata and P.unifilis from harvest. In contrast, the conventional management approach is 

most effective for the more socially gregarious P. expansa.  

Active protection of a few major 
sandbanks by government agents High Medium Low 

Law enforcement on-site at PA High High High 

Law enforcement on illegal trade 
routes 

High Medium High 

Law enforcement on major 
commercial centres 

High Low Medium 

Total ranking score 12 8 9 

Community-based Management (CBM) 

Improve livelihood options for 
local communities 

Medium High High 

Translocation of eggs to commu-
nity protected beaches 

Low Medium High 

Increase local community aware-
ness 

Low Medium Medium 

Increase local community en-
gagement 

Medium High High 

Total ranking score 6 10 11 
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Figure 7. Diagram depicting the predicted conservation success for P. expansa (Pe), P. sextu-

berculata (Ps) and P. unifilis (Pu), based on scores for relative vulnerability to harvest (Table 

2) and relative responsiveness to conservation actions (Table 3). (FF = “Fences and Fines” or 

conventional management; CBM = Community-based management). 

Discussion 

The continuing threat to Amazon river turtles from overharvest requires critical assessment. Our 

study found that based on life history traits and hunting pressure P. expansa was the most vulnera-

ble of the three species studied, requiring the most urgent conservation action. Our study also found 

that the effectiveness of the two management approaches (conventional or community-based, un-

der the Trombetas scenario) was related to turtle nesting behaviour. The conservation of P. uni-

filis and P. sextuberculata, which nest in smaller numbers and are more widely dispersed, is predict-

ed to be more effective under a community-based management program. The significantly smaller 

clutch sizes and shallower nest depths of P. sextuberculata and P. unifilis relative to P. expansa also 

make the translocation of nests to protected beaches more manageable. Conversely, the relatively 

shorter nesting season (45 days) of P. expansa, in conjunction with its gregarious breeding habit, is 

predicted to make the conventional management approach more efficient and effective relative to 
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the other two species. This is highly dependent, however, on providing sufficient financial and hu-

man resources to effectively enforce protection of P. expansa nesting beaches. 

Effectiveness of current management approaches at ReBio-Trombetas 

We tested our predictions of the optimal management approach for each species by comparing the 

effectiveness of the two approaches to Amazon river turtle conservation at ReBio-Trombetas, based 

on the available long-term data for turtle hatchling numbers.   The community-based management 

approach at Lake Erepecu is delivering early conservation benefits. This is evidenced by the signifi-

cant increase in the number of P. sextuberculata and P. unifilis hatchlings since the commencement 

of the program. On the other hand, at Tabuleiro, under a conventional management approach, there 

has been a severe decrease in the number of P. expansa hatchlings between 1980 – 2003 although 

numbers have been static between 2003-2016. 

The success of the community-based management approach for the protection of P. sextuberculata 

and P. unifilis nests at Lake Erepecu is consistent with our prediction on the optimal management 

approach for the two species. Commencing in 2003, this approach involves the protection of natural 

nests as well as the translocation of nests from unprotected beaches to beaches continually moni-

tored by the community. The ongoing success of the community engagement at Lake Erepecu saw 

the extension of the approach to Lake Farias within the Reserve, for the first time in 2016 (Moura 

2017). 

However, our prediction of the optimal management approach for P. expansa was not supported by 

long-term population trends at ReBio-Trombetas. Hatchling numbers at Tabuleiro Basecamp have 

suffered a 94% decline from 1981 to 2016. This severe decline has occurred under a conventional 

management program based on daily monitoring of nesting sandbanks by rangers.  In contrast a re-

cent study, which compared  conservation outcomes for P. expansa across ten Biological Reserves in 

the Brazilian Amazon from 1981 to 2016, found that the conventional management approach has 

been successful in maintaining a stable or increasing number of nesting females for all but two of the 

Reserves (Eisemberg et al. 2019). Over the period studied ReBio-Trombetas has gone from having 

the highest number of hatchlings per year (450,0000) to the lowest number of hatchlings (50,000). 
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This strongly suggests that other factors have negatively impacted the conservation program at Re-

Bio-Trombetas.  

The number of P. expansa hatchlings has, however, stabilised since 2003. This period coincides with 

the commencement of the community engagement program at Lake Erepecu. It is likely that the 

community engagement program at Lake Erepecu may have indirectly positively affected the P. ex-

pansa beach protection program upstream of the ReBio-Trombetas. This could be due to the in-

creasing awareness amongst local communities of the decline in turtle numbers and the importance 

of conserving them. 

The early success of the community-based management approach trialled at Lake Erepecu suggests 

that conservation programs which engage the community, and recognise the importance of protect-

ing all life stages, have a greater chance of success for these species. It also suggests, as noted by 

Fagundes et al. (2016), that the exclusion of indigenous and riverine communities from protected 

sites should be reconsidered in management planning for freshwater turtles. 

Our findings are supported by recent studies that show that community-based management is  more 

effective than fences-and-fines for the protection of river turtles in the Brazilian Amazon (Campos-

Silva et al. 2018; Norris et al. 2018). Importantly, the community-based approach has also been 

shown to induce population recovery in P. expansa and other freshwater turtles, as well as positively 

impacting other vertebrate and invertebrate taxa (Campos-Silva et al. 2018; Norris et al. 2018).  

Sustainability of the community-based management approach 

The success of the community-based management program at Lake Erepecu has been based on an 

integrated approach involving a close partnership between the Reserve Managers (ICMBio), the local 

community and researchers. To date, the intrinsic importance of Amazon River turtles to the local 

Quilombola community, and the perceived benefits of conserving the Amazon River turtles, has been 

sufficient to maintain their ongoing commitment to the program. As the main users of the resource, 

it is important the community continue to be involved and empowered to manage and participate in 

the conservation of river turtles, and their habitats.  
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Similar to other community-based programs in the Amazon, the long-term sustainability of the 

community program at ReBio-Trombetas, and the ongoing maintenance of the Podocnemis popula-

tions, will only ultimately be secure if there is a vast improvement in the lives of the surrounding 

communities  (Hackel 1999). It will also require continued financial and institutional support by local 

and national governments to support community involvement in the protection of nesting beaches 

and translocation of nests and the ongoing commitment and ownership of the community to the 

conservation goals and outcomes.  

Limitations of the study 

The novel method used in our study to determine the most effective management approach for con-

servation of Podocmididae could also be readily adapted to other species of freshwater turtles. 

There are, however, a number of limitations with our approach which further research could help 

address. In particular, the number of life history traits we used to predict vulnerability to harvest and 

the most effective management approach were limited by currently available knowledge. Data on 

annual growth rates, age of sexual maturity and life span, which are predicted to impact resilience 

and recovery, are not readily available for Amazon river turtles. The inclusion of data on adult survi-

vorship and the age and sex structure of threatened turtle populations would further enhance our 

approach as the population dynamics of long-lived Amazon River turtles are most sensitive to adult 

survival, particularly mature females. Furthermore, the comparison of the effectiveness of the two 

management approaches used at ReBio-Trombetas was limited by the hatchling data available at 

each site, namely P. expansa at Tabuleiro and P. sextuberculata and P. unifilis at Lake Erepecu.   

It is also important to note that the resilience of Amazon River turtles to harvesting pressure is also 

negatively affected by other human-induced threats. The reproductive cycle of Podocnemididae tur-

tles is aligned with seasonal changes in river flows which makes them highly sensitive to damming of 

rivers for hydropower generation (Vanzolini 2003). Other major threats include large-scale defor-

estation, pollution, ecosystem degradation, climate change and local changes in hydrology 

(Eisemberg et al. 2016; Schneider et al. 2011). Concerns have also been raised regarding the impact 
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of noise pollution from river vessels as sound communication between adult P. expansa turtles and 

hatchlings may be used to congregate hatchlings with adults for mass migration (Ferrara et al. 2013).  

Conclusion  

The life history traits of Podocnemididae river turtles, similar to other long-lived species, place signif-

icant constraints on their ability to respond to over harvesting and other chronic disturbances 

(Congdon et al. 1993). Consequently, conventional management programs which rely solely on the 

protection of nesting sites, such as those employed at Tabuleiro Field Station in the ReBio-

Trombetas, are less effective than those that recognise the importance of protecting all life stages. 

The early success of the community-based management approach taken at Lake Erepecu highlights 

that programs which are aimed at raising conservation awareness and engage the community in the 

protection of eggs and neonates, as well as in reducing the mortality of older juveniles and adults, 

have a greater chance of success. 
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Naughton-Treves L, Holland MB, Brandon K. 2005. The role of protected areas in conserving 

biodiversity and sustaining local livelihoods. Annual Review of Environment and Resources 30: 219-

252. 

 

Norris D, Michalski F, Gibbs JP. 2018. Community involvement works where enforcement fails: 

conservation success through community-based management of Amazon river turtle nests. PeerJ 6: 

e4856. 

 

Oldekop J, Holmes G, Harris W, Evans K. 2016. A global assessment of the social and conservation 

outcomes of protected areas. Conservation Biology 30: 133-141. 

 

Pantoja-Lima J, Aride PH, de Oliveira AT, Félix-Silva D, Pezzuti JC, Rebêlo GH. 2014. Chain of 

commercialization of Podocnemis spp. turtles (Testudines: Podocnemididae) in the Purus River, 

Amazon basin, Brazil: current status and perspectives. Journal of ethnobiology and ethnomedicine 

10: 8. 

 

Peres CA. 2000. Effects of subsistence hunting on vertebrate community structure in Amazonian 

forests. Conservation Biology 14: 240-253. 

 

Rao M, Nagendra H, Shahabuddin G, Carrasco L. 2016. Integrating community‐managed areas into 

protected area systems: the promise of synergies and the reality of trade‐offs. Pages 169-189 in 

Joppa, L. N., Bailie, J. E. M., & Robinson, J. G., editors. Protected Areas: are they safeguarding 

biodiversity? Wiley, United Kingdom. Protected Areas: Are They Safeguarding Biodiversity? 169. 

 



 

 

 

Page 32 

Rodrigues MT. 2005. The conservation of Brazilian reptiles: challenges for a megadiverse country. 

Conservation Biology 19: 659-664. 

 

Schneider L, Ferrara CR, Vogt RC, Burger J. 2011. History of turtle exploitation and management 

techniques to conserve turtles in the Rio Negro Basin of the Brazilian Amazon. Chelonian 

Conservation and Biology 10: 149-157. 

 

Silva JVCe 2016, 'Participatory management in the Amazonian floodplains and its multi-species 

effects'. 

 

Silva T, Monjeló L, Viana M, Pezzuti J, Andrade P, Vogt R, Farias I. 2011. Population genetics analysis 

of Podocnemis sextuberculata (Testudines, Podocnemidae): lack of population structure in the 

central Amazon Basin. Genetics and Molecular Research 10: 1393-1402. 

 

Songorwa AN, Bührs T, Hughey KF. 2000. Community-based wildlife management in Africa: a critical 

assessment of the literature. Natural Resources Journal 40: 603-643. 

 

Stanford C, Rhodin A, van Dijk P, Horne B, Blanck T, Goode E, Hudson R, Mittermeier R, Currylow A, 

Eisemberg C. 2018. Turtles in Trouble: The World’s 25+ Most Endangered Tortoises and Freshwater 

Turtles-2018. Turtle Conservation Coalition, Ojai, California, USA. 

 

Thorbjarnarson JB, Perez N, Escalona T. 1993. Nesting of Podocnemis unifilis in the Capanaparo river, 

Venezuela. Journal of Herpetology 27: 344-347. 

 

UNEP-WCMC. 2017. Country Profile for Brazil from the World Database of Protected Areas, August 

2017. Available at: https://www.protectedplanet.net. 

 

Vanzolini PE. 2003. On clutch size and hatching success of the South American turtles Podocnemis 

expansa (Schweigger, 1812) and P. unifilis Troschel, 1848 (Testudines, Podocnemididae). Anais da 

Academia Brasileira de Ciências 75: 415-430. 

 

Williams SE, Shoo LP, Isaac JL, Hoffmann AA, Langham G. 2008. Towards an Integrated Framework 

for Assessing the Vulnerability of Species to Climate Change. PLoS biology 6: e325. 

 


