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Freshwater turtles are a valuable food resource for riverine human communities and have been historically overharvested throughout all major tropical large river basins, with consequent gradual population decreases. Even species considered to be abundant are declining, and in many cases were brought to a condition of near extinction. The collection of adult females during breeding season on nesting beaches is considered a major factor in population decline and subsequent loss of food sources for humans. There is growing consensus that adult females constitute the category which turtle populations can least afford to lose. In the Negro River Basin, the podocnemidid big-headed Amazon River turtle, Peltocephalus dumerilianus, is heavily exploited for consumption and poached for illegal trade among riverine communities and cities. Between 1997 and 2002 and in 2019, we measured live turtles and carapaces of big-headed turtles in the city of Barcelos and its surroundings, and among the riverine families living in the Jaú National Park. We compared body sizes and sex ratios between areas, periods, and between consumed and traded individuals. We found no differences between areas, even those close to Barcelos and the ones belonging to remote areas where pressure levels are lower. The individuals consumed in Jaú National Park are larger than those poached for illegal trade in both areas. There was an increase in average size between 1997 and 2002. Sex ratio was slightly skewed toward males, which were larger, and did not differ between areas and periods. Results indicate stability on size of harvested populations, which may be supporting current extraction levels. Data suggest this could be related to the absence of adult female capture during nesting for this species. We recommend protection strategies for other Amazon Podocnemidid species that focus on the protection of nesting beaches and surrounding areas where adults occupy, specifically in areas under communal protection.
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INTRODUCTION

The Podocnemidid Amazon river turtles have been used for food by Amazon people long before European’s arrival in South America (Carvajal, 1543; Prestes-Carneiro et al., 2016). Peltocephalus dumerilianus (Schweigger, 1812), known as the big-headed Amazon River Turtle (hereafter big-headed), is intensively exploited in the Negro River basin, being part of the illegal regional trade (Rebêlo and Lugli, 1996; Rebêlo and Pezzuti, 2000; Rebêlo et al., 2006; Pezzuti et al., 2010; Schneider et al., 2011). This species is the second largest podocnemid in the Amazon (Figure 1), smaller only to the giant Amazon river turtle (Podocnemis expansa), and can weigh up to 16 kg (Pritchard and Trebbau, 1984; De La Ossa and Vogt, 2011).
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FIGURE 1. (A) Peltocephalus dumerilianus, the big-headed Amazon River Turtle; (B) a quantity of big-headed turtles caught in Jaú National Park and destined for the illegal trade.


The big-headed utilization of the Negro River is especially interesting due to its biological and socio-cultural characteristics. Unlike other Amazonian podocnemidids, the big-headed females nest inside the Igapó forest, in earth mounds created from fallen trees. Occasionally, they also nest on sandbanks, beaches, or ravines on the banks of water bodies (Vogt et al., 1994; Félix-Silva, 2004; Vogt, 2008). Thus, there is no capture of female big-headed during nesting (Pezzuti et al., 2004; Schneider et al., 2011), as occurs annually with the other podocnemidids (Fachín-Terán et al., 2003; Pezzuti et al., 2010; Pantoja-Lima et al., 2014). Generally, the nesting moment is the most vulnerable for chelonians and, for larger species, it represents a context in which adult females are particularly susceptible to their natural predators. Historically, the intense harvest of Amazonian podocnemidids nesting females lasted for almost 200 years, generating a large source of food, energy, and wealth for the Colonial Empire, the Brazilian Empire, and the United States of Brazil at the beginning of the Republic (Bates, 1864; Silva Coutinho, 1868; Gilmore, 1986). This likely caused the inevitable decline of the Giant Amazonian turtle populations, followed by the smaller species, until the collapse of chelonian harvesting as a relevant economic activity (Smith, 1974; Mittermeier, 1975; Johns, 1987; Pezzuti et al., 2004; Rebêlo et al., 2006).

Monitoring population structure is a crucial parameter in wildlife management (Caughley and Sinclair, 1994). The evaluation of size structure of big-headed populations through space represents an opportunity to assess the impact on Podocnemid without this key aspect of capturing of adult females during nesting. In the present study, we investigated the size distribution and sex ratio of big-headed Amazon River turtles caught for consumption and for sale in different areas along the Negro river and over two periods, with an interval of more than 20 years between samplings. Our main purpose was to detect possible variation on population size distribution and sex ratio of harvested turtles within two dimensions: over time and across geographic areas.



MATERIALS AND METHODS


Study Area

This study was carried out in two regions of the lower and middle Negro River in the Brazilian Amazon, in the city of Barcelos and in the National Park of Jaú (PNJ), in the state of Amazonas (Figure 2). Aside from the urban area of Barcelos, the area is characterized by well-preserved primary forests where basic extractive activities take place, such as gathering of non-timber forest products (particularly Brazil Nuts), subsistence hunting, and small-scale agriculture. The region has a large expanse of Igapó seasonally flooded forests that sustains a high diversity and abundance of aquatic organisms, where basic extractive activities take place, serving as the base of the regional diet (Da Silva and Begossi, 2009). The city of Barcelos, with nearly 25,000 inhabitants (IBGE, 2020), is located on the right bank of the Negro River, 405 km northwest from the city of Manaus, in the state of Amazonas. The main source of income for the local population of this city are extractive activities, especially ornamental fishing. The proximity to the Mariuá archipelago, the largest river archipelago in the world, gives this region a high biological diversity and abundance of aquatic resources (Machado, 2001; Latrubesse and Stevaux, 2015). The PNJ is located on the right bank of the lower Negro River and is equivalent to IUCN Category II Protected Area (Sistema Nacional de Unidades de Conservação [SNUC], 2000). The park includes an area of 2,272,000 ha that protects almost the entire basin of the Jaú River, a typical blackwater river whose main tributary is the Carabinani River. Both the Jaú and the Carabinani rivers are characterized by the presence of rapids that, in the dry season, separate these rivers into low (downstream of the waterfalls) and medium (upstream of the waterfalls) portions. The local inhabitants are descendants of rubber tappers and live on basic subsistence activities such as slash-and-burn agriculture, subsistence fishing and hunting, and collecting of Brazil nuts (Pezzuti et al., 2010).


[image: image]

FIGURE 2. Study area in the middle of the Negro River, Amazonas, Brazil.




Proceedings

Sampling was carried out between 1997 and 2002, and in 2019. During the first period, 18 trips were made to PNJ (June and November 1997, January, May, and October 1998, March 1999, February, April, July, and September 2000, February, June, August and November 2001, and February, June, August and December 2002) in order to conduct interviews with fishermen (Rebêlo and Pezzuti, 2000; Pezzuti et al., 2010) and participant observation (Rebêlo et al., 2006). Each fieldtrip lasted between 2–3 weeks. In November 2019, we returned to PNJ on a trip lasting 12 days. We were able to measure carapaces of live animals held captive in small pens called “currais,” and of animals eaten, whose shells were thrown along the edges of the residents’ yards. To have comparable datasets between the two periods, we visited the same communities from Lower and Middle Jaú and carefully searched for shells along the gardens and collective areas in the community to assure that most of the shells of consumed big-headeds, if not all, were measured. Thus, we were able to measure shells of individuals caught and eaten during the year of 2019. Therefore, it was possible to obtain an unprecedented series of animals measured, over more than 20 years, allowing for a robust temporal analysis of harvested big-headed individuals. Following the biometrics protocol widely used for turtles, we measured the straight carapace length and CRC (Pritchard and Trebbau, 1984; Vogt, 2008) of living animals and shells, with the aid of a large caliper (Hagloff, 1,000 m). When this tool was not available, the curved carapace length (CCC) was measured with a small measuring tape. From there, we used a Spearman Correlation to estimate the CRC (r = 0.97). Living males and females were distinguished following Rueda-Almonacid et al. (2007), with females presenting a wider opening of the cloacal scutes, and males with greater pre-cloacal tail length and thicker tail base (Rueda-Almonacid et al., 2007). Barcelos city and its surroundings were visited during 2000–2001 in the same months aforementioned, where we spent between 1 and 2 weeks carrying out the same procedures. Although prohibited, there was no enforcement to prevent turtle poaching in the city throughout the period considered, and animals are frequently encountered for sale. Big-headed turtles could be found on markets, fishermen houses, harbors, and small boats just after fishermen’s arrival at the city. Turtle carapaces were also found scattered on gardens, unoccupied grounds, areas surrounding harbors, and other city neighborhoods. In specific situations, after years of contact with the residents, we also had the opportunity to carry out biometrics of loads of animals destined for commercialization outside the PNJ, and of animals newly arrived for commercialization in Barcelos. We measured all live individuals and carapaces of eaten animals present in households’ respective gardens in the sites visited, except for Barcelos.

For the intended comparisons, the region was subdivided into five locations, two of which are located on the Negro River (Barcelos City and Caurés river) and three located within the PNJ (Carabinani river, lower Jaú river, and middle Jaú river). Below, we briefly describe the study area human population and a subjective classification of the river turtle harvesting pressure for each area. This was based on our observations and interaction with local dwellers (including poachers) and park staff, and considered the traveling distance, the presence of rapids making the journey more difficult and time consuming, and the overall perception on remoteness and harvesting intensity by local dwellers and poachers.

Middle Jaú—Inhabited by small and sparsely distributed riverside communities. Infrequently accessed by poachers, due to the rapids that make access difficult during most of the year. Low pressure.

Carabinani—Uninhabited but subject to harvest by poachers in unknown frequency. Low pressure.

Lower Jaú—Inhabited by small and sparsely distributed communities; more frequented by turtle poachers than Middle Jaú. Average pressure.

Caurés—Inhabited and frequently visited by poachers, mainly from Barcelos—average to high pressure.

Barcelos—Urban area and illegal market; receive turtles from surroundings—high pressure.

The big-headed is almost exclusively captured with a single technique, regionally called baliza. The technique consists of attaching bait made with pieces of fish (approximately 0.5–1 kg) to poles fixed to the bottom of flooded forests or close to the riverbanks. Then, the attracted turtles are harpooned at the carapace with minimum damage to the animal, since the harpoon used is small and has no barbs (Pezzuti et al., 2004). The few exceptions occur when animals are occasionally caught with other hunting techniques by residents of the PNJ. Thus, there was no methodological bias regarding differences in yield and selectivity of catches in size or sex.

To obtain a natural baseline of big-headeds for comparison, experimental turtle fisheries were conducted in April, July, and September 2000 and February 2001 in the Carabinani River region, the main tributary of the right bank of the Jaú River (Pezzuti, 2003). We chose Carabinani following local dwellers’ suggestion for an area with low harvesting pressure and greater animal abundance. Each of these turtle sampling trips lasted at least 20 days, in which three pairs formed by a biologist and senior fishermen made up a fishing unit. Fisheries were made using the baliza method and carried out for the entire day (around 10–12 h). The capture effort ranged from 54 to 58 fisheries per trip, totalizing 224 days of capture effort.



Analysis

We aimed to assess whether the size distribution and sex ratio of animals varied spatially and temporally. We hypothesized that these size distributions differ between the animals consumed, traded, and those from our experimental catches due to differences in hunting pressure and fishermen’s selectivity for larger animals for both consumption and trade. In addition, we expected that a depletion effect (Antunes et al., 2016; Tregidgo et al., 2017) from different pressure levels would lead to distinct size distributions and, thus, that the animals from Barcelos city and the closer Caurés river would be smaller and with a reduced proportion of adults. In contrast, turtles from Jaú and Carabinani, mainly those from middle Jaú, should be the larger. Similarly, we investigated to determine if sex ratios would be different between study sites or change over time considering that males grow larger in this species and are thus preferred (Pritchard and Trebbau, 1984; Pezzuti, 2003).

We performed a Permutational Multivariate Analysis of Variance (PERMANOVA) using Euclidean Distance for each treatment group using CRC as the response variable to compare size variations between years, sex, purpose (consumption, commercialization, experimental capture), seasons (rainy or dry), and localities (Barcelos, Caurés river, Carabinani river, lower Jaú river, middle Jaú river) (Clarke, 1993; Anderson, 2005). The PERMANOVA is a geometric partitioning of variation based on a chosen dissimilarity measure. This analysis allows heterogeneous dispersions among groups and unbalanced designs, avoiding the assumption of normality due to the distribution-free inferences acquired by the permutations (Anderson and Walsh, 2013; Anderson, 2014). The Euclidean Distance is commonly used to build a resemblance matrix with morphometric measurements (Velez-Zuazo et al., 2014; Miorando et al., 2015). For comparisons of sex ratio between the same parameters above, the Chi-square test of various proportions was also used. The analyzes were performed using the Bioestat software (Ayres et al., 2007) and R (R Development Core Team, 2010). For comparisons between years and periods we used just the individuals harvested within PNJ.




RESULTS

We obtained a total of 993 carapaces measured from live or eaten individuals. Experimental catches were non-selective in size. Individuals caught ranged in size between 0.6 and 16 kg, which allowed for the intended comparisons between experimental catch size with the distribution of consumed and traded animals. The size distribution varied consistently between years (Table 1 and Figure 3), with emphasis on 2019 when we registered the largest individuals. We observed a trend of increase in body size over the 22 years (PERMANOVA, Pseudo-F = 14.13, p = 0.0001). The years 1997 and 1999 did not differ from the others, probably due to the small sample size (N = 4 and 14, respectively). The size of the animals collected in 2019 were larger than those from all other years, except for 1998, which also surpassed 2000, 2001, and 2002 (PERMANOVA pair-wise < 0.05, Supplementary Material 1). The animals from 2001 and 2002 were also larger than the ones from 2000.


TABLE 1. Descriptive statistics of the distribution of measurements of the straight carapace length (SCL, mm) of big-headed (Peltocephalus dumerilianus) from the Negro River basin, Amazonas, Brazil, between 1997 and 2019 (SD = standard deviation).
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FIGURE 3. Size distribution (points) and descriptive statistical (boxplot) of body size (SCL, mm) of big-headed (Peltocephalus dumerilianus) from the PNJ collected between 1997 and 2019.


Comparing the data from the first collection interval (from 1997 to 2002) with the data from the second set of data collected in 2019, we observed that the animals from 2019 are significantly larger (PERMANOVA, Pseudo-F = 58.88, p = 0.0001, Figure 4). When comparing just the animals destined for commercialization, the animals from the PNJ were smaller than the animals from Barcelos (PERMANOVA, Pseudo-F = 5.61, p = 0.01, Figure 5). Males are larger than the females (PERMANOVA, Pseudo-F = 182.95, p = 0.0001, Figure 6), and individuals captured during the rainy season were larger than individuals captured in the dry season (PERMANOVA, Pseudo-F = 9.67, p = 0.02, Figure 7).
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FIGURE 4. Temporal distribution (points) and descriptive statistical (boxplot) of body size (SCL, mm) of Big-headed (Peltocephalus dumerilianus) from the PNJ collected in both sample periods (1997–2002 and 2019).
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FIGURE 5. Spatial distribution (points) and descriptive statistics (boxplot) of body size (SCL, mm) of Big-headed (Peltocephalus dumerilianus) intended for commercialization, from the Jaú River and the city of Barcelos, Rio Negro, Amazonas between 1997 and 2002.
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FIGURE 6. Temporal distribution (points) and descriptive statistical (boxplot) of body size (SCL, mm) of the male and female Big-headed (Peltocephalus dumerilianus) from the Jaú collected between 1997 and 2019.
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FIGURE 7. Distributions (points) and descriptive statistics (boxplot) of body size (SCL, mm) and Big-headed (Peltocephalus dumerilianus) from the Negro River, Amazonas, obtained between 1997 and 2019, captured in the dry and rainy seasons.


We observed contrast between the sizes of the animals captured experimentally, the animals intended for consumption by the residents, and the animals selected for sale (PERMANOVA, Pseudo-F = 36.81, p = 0.0001, Table 2 and Figure 8). The animals from the experimental fishery are smaller and those with a greater range of size distribution, followed by animals intended for commercialization, which have a lesser size range. The animals destined for consumption by the residents are larger than those caught in experimental fisheries and those destined for sale (PERMANOVA pair-wise < 0.05, Supplementary Material 1). However, they present a greater range in the distribution concerning the animals consumed. We emphasize that almost all the animals destined for consumption come from the PNJ, which is essential for interpreting these results. Comparing the sizes between the five locations, the results show substantial differences (PERMANOVA, Pseudo-F = 9.21, p = 0.0001, Figure 9). The largest animals are those from the Jaú River, especially those from the middle stretch of the river, which is the most remote area. Caurés and Barcelos individuals were significantly smaller than those from the other locations, with no difference between each other (PERMANOVA pair-wise < 0.05, Supplementary Material 1).


TABLE 2. Descriptive statistics of the rectilinear carapace length (SCL, mm) of big-headed (Peltocephalus dumerilianus) captured experimentally, intended for consumption and commercialization, between 2002 and 2019, in the Rio Negro region, Amazonas, Brazil (SD = standard deviation).
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FIGURE 8. Distributions (points) and descriptive statistics (boxplot) of body size (SCL, mm) of Big-headed (Peltocephalus dumerilianus) captured experimentally, intended for consumption, and commercialization, between 1997 and 2002, in the region of the Negro River, Amazonas, Brazil.
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FIGURE 9. Spatial distribution (points) and descriptive statistics (boxplot) of body size (SCL, mm) of Big-headed (Peltocephalus dumerilianus) in different locations of the Negro River region, Amazonas, between 1997 and 2002.


When considering the animals’ sex ratio, no significant differences were detected between the animals from the Jaú and Barcelos, or between those consumed and destined for commercialization, nor between the animals captured in the dry and rainy season. When comparing the sex ratios of animals from experimental capture to animals captured for consumption and sale, we observe a higher proportion of females in the first group, while in animals intended for consumption and sale, the pattern is reversed, with a significant proportion of males (Σ2 = 33,228, p = 0.0001; Table 3).


TABLE 3. Sex ratio of Big-headed individuals (Peltocephalus dumerilianus) examined in the Negro River basin, Amazonas, between 1997 and 2019.
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DISCUSSION

Historical records note reduction in abundance and average size of Amazon River turtle populations, especially the larger and gregarious Podocnemis expansa (Bates, 1864; Silva Coutinho, 1868; Ferreira, 1972), and a further shift to target smaller species (Johns, 1987; Rebêlo and Pezzuti, 2000). In the study area, fishermen have been selective and are consuming and trading large-sized individuals in a proportion that is different from the size composition reflected in direct captures. This poaching pattern has been maintained for at least the last two decades, and probably for a considerably longer non-monitored period.

There are extensive remote areas where harvesting is absent, and others where there is occasional and or sporadic harvesting, a central feature of a source-sink system of large proportions. In this context, the apparent resilience of the population under study could be due to the replacement of individuals migrating from source areas to the regions where harvesting takes place. However, despite observed differences within some monitored areas, harvested individuals are mainly large-sized adult individuals. In addition, while we anticipated a reduction in the size of the harvested animals over time, we observed a stable pattern both within the first 6-year monitoring period of all harvested places and in the second monitoring period 20 years later. Moreover, we observed the largest animals in 2019.

The animals sampled in Barcelos come from the Negro River and nearby tributaries. Both urban fishermen and those from surrounding riverine settlements sell turtles in town. Data indicate that it is not necessary to go very far from human population centers to capture large adult individuals. Thus, larger animals in Barcelos (a selection of animals for sale in the city) compared to animals in the PNJ (animals intended for consumption and sale) show two factors: firstly, there is a selection for larger animals, which yields more meat and reaches a higher market value; secondly, it is possible for urban fishermen to select larger animals for commercialization, even larger than those of PNJ (a National Park, with restricted access), where we expect a lower capture pressure. On the other hand, it is interesting to note that the animals consumed within the PNJ are larger than those captured for commercialization. Both have a larger size distribution than the animals from experimental fishing, confirming fishermen’s selection of larger animals for consumption and sale, but we did not expect that the animals consumed would be larger than those sold within the PNJ. On the other hand, our comparisons also clearly indicate differences between locations in congruence with our expectations, with smaller animals coming from higher pressure locations, such as Caurés and Barcelos. Considering the predominant absence of any management system nor regular enforcement effort, and the dependence of poor families to wage opportunities and other income sources, an increase in poaching levels is likely to have deeper effects on target populations.

The sex ratio recorded in experimental fishing, without any interference from selection for consumption, sale, or disposal, is the one that tends to better reflect, among the sets of animals considered here, the actual proportion of males and females in the wild. A similar result was observed by De La Ossa and Vogt (2011) in the two rivers near Barcelos. The set of harvested animals over the two periods, 1997–2002 and later in 2019, show a balance between both sexes, with a slight deviation in favor of males. In our sample, among the animals captured and selected by the fishermen for consumption and sale, there is a slight predominance of males, which can be explained by the fact that they are larger in this species. Parra-Henao et al. (2019) observed a strong predominance of males (66.7%) in a tributary of the upper river Orinoco in Colombian territory. However, the sample was small and may not reflect the sex ratio composition in the region. Even though there is a predilection for females for consumption in the region for other Podocnemidids (Pezzuti et al., 2010), the choice is for larger animals, as it is something inherent to the method. When fishing with baliza, the fisherman cannot see the animal and does not know the sex of the animal that is eating the bait before harpooning it and bringing it up. The existence of a different mobility pattern between genders, with greater travel distances and living area for females (De La Ossa and Vogt, 2011), may be one of the factors that contribute to the lower capture of females, as they move to more isolated points in the flooded forest in search of suitable places for nesting, which occurs in the ebb of the Amazon rivers (Vogt et al., 1994). The findings suggest a tendency to capture the most desired larger male adult individuals, with no observed changes over a 20-year period.

The big-headed is the least studied Podocnemidid, and there is little information about the population structure of these animals. The number of animals measured over this period far exceeds the samples presented in the few studies available. Pritchard and Trebbau (1984) provide biometric data for six individuals from the upper Rio Negro (San Carlos, Venezuela), four individuals from French Guiana, two from the Orinoco, and four from unknown sources. In a sample consisting of 165 individuals from the Itu and Cumicuri rivers, near Barcelos, De La Ossa and Vogt (2011) found an average carapace size of 376.80 and 387.60 mm for males, and 244.80 and 258.50 mm for females, respectively. Males are within our sample size range, but females are considerably smaller. In the small sample of Parra-Henao et al. (2019), the average size is 415.20 mm for males and 287.40 mm for females, which is also within the spectrum of the sample presented here. We certainly have the largest size records of the species, including an individual reaching 520 mm. Parra-Henao et al. (2019) use 260 mm of CRC for the species’ minimum sexual maturity size, mentioning Rueda-Almonacid et al. (2007). However, checking the original study, we could not confirm this information. The decision to mention it was due to the importance of this parameter.

Apparently, the pressure on the big-headed has remained, despite significant improvement in infrastructure and staffing, compared to the first period (1997–2001), when monitoring the consumption of turtles in the park was more intense. This is evident in the biometric analysis and observation of more than 90 shells found discarded and not yet decomposed and whole, indicating animals recently consumed. Our experience is that the shells decompose in a few months. According to information and evidence available about the previous period (1997–2002), in addition to new information obtained from the residents and current managers of the PNJ, the big-headeds, the tracajás (Podocnemis unifilis), and irapucas (P. erytrochephala) continue to be an important component of the traditional diet for riverine residents in the park. These animals are also clandestinely transported and traded outside the protected area. The poaching of river turtles, including big-headeds, prevailed over the 20 years of sampling interval (Fabio Osolins, personal communication).

Thus, observing a larger size structure after the 20-year interval is a positive indication of stability of average animal sizes despite continuous poaching. In the PNJ, as already mentioned, we observed stability and even a slight trend toward an increase in size of the animals consumed. On the other hand, we do not have recent data from the other locations on the Rio Negro obtained in the 1990s and early 2000s. These areas are less protected than the PNJ, and therefore, the pressure of capture may have intensified substantially.

The population of big-headed investigated occupy vast floodplains of the Negro River (Pezzuti, 2003; De La Ossa and Vogt, 2011), which are in an excellent state of conservation (Montero et al., 2014). In Barcelos, there is a huge tangle of river channels, forming the most extensive river archipelago in the world, the Mariuá, and just below the Mariua, there is a large expanse of seasonally flooded Anavilhanas forests (Latrubesse and Stevaux, 2015). In the PNJ, the environments used by animals are also extensive and complex (Ferreira, 1997). The wetlands are capable of harboring large populations of aquatic animals, especially herbivores, such as the big-headed (Perez-Emán and Paolillo, 1997; De La Ossa et al., 2011), whose trophic position at the base of the food chain may also have contributed to the biological success of the species, as well as apparent resilience in the face of the fishing pressure by riverside dwellers. This vastness of well-preserved natural areas and the landscape complexity, with a wide range of niches, may contribute to the findings of the present study.

The capture of adult females during reproduction is considered a critical factor affecting turtle populations worldwide (Klemens, 2000; Moll and Moll, 2004; Roberts, 2010), and population models indicate that conservation efforts should address measures to reduce the mortality of subadult and adult females (Crouse et al., 1987; Heppell, 1998; Crouse, 1999; Mogollones et al., 2010). For Amazonian species, there is abundant historical evidence of the unsustainability and decimation of Podocnemis populations, previously quite abundant (Bates, 1864; Silva Coutinho, 1868; Ferreira, 1972; Smith, 1974). Relevant empirical evidence of the effectiveness of protecting adult females came from communal areas along a large stretch of the Juruá River, a major whitewater Amazon tributary. After 40 years of conservation efforts aimed at protecting nesting beaches and surroundings, the population of P. expansa showed an 11.4-fold increase in the number of nests in monitored areas, with expressive increase in the number of nests of P. unifilis and P. sextuberculata as well (Campos-Silva et al., 2017).

Still, it is important to acknowledge that the resource is being used on an open-access basis. As Brazil currently lacks legislation for wildlife management and law enforcement capacity to restrain poaching, the future of this valuable resource is uncertain and deserves attention. No formal or informal rules nor management actions are taking place. Despite Brazil’s legal framework recognizing the rights of traditional communities that depend on natural resources, wildlife use is not yet regulated in the country and harvesting practices are considered illegal, except for Indigenous groups within federally demarcated lands. Local families, who have subsisted on fish and game for centuries, when found by command-and-control agents in possession of wild animals or meat, are treated as poachers and subject to fines, forfeiture of materials, or arrest (Antunes et al., 2019). This context is a major bottleneck for management procedures, such as the establishment of quotas, a zoning system, or other participatory processes. In addition, it does not allow for the opportunity of interaction between diverse stakeholders that could otherwise work together toward the construction of species management plans. There are interesting examples community-based initiatives showing recovery of Amazon River turtle populations (Campos-Silva et al., 2017; Pezzuti et al., 2018), which attest to the potential of sustainable management.



CONCLUSION

The size of harvested big-headed turtles in Negro River basin presented a slight trend of increase between 1997 and 2019. Size distribution between directly caught animals differed and were smaller than animals destined for consumption and trade. There were differences between areas possibly subject to different pressure, but all sites were represented by large-sized adults. Fishermen tended to select larger individuals, and to consume and trade a larger proportion of males, which are bigger than females in this species.
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Commercial 169 48.42 180 51.58 2977 0.0971
Consumption 353 54.14 299 45.86
PARNA Jau 404 54.01 344 45.99 4116 0.0505
Barcelos 118 46.64 135 53.36
Dry season 183 49.59 186 50.41 2.475 0.1342
Rainy season 149 50 149 50
Sampling captures 204 65.38 108 34.62 33.288 0.0001*
Consumption 149 43.82 191 56.18
Commercial 169 48.42 180 51.58

*Data from individuals examined between 1997 and 2002.
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