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ABSTRACT
Subsistence hunting of Podocnemis unifilis was evaluated in five
Tacana indigenous communities in the Tacana I Indigenous territory,
through self-monitoring of hunting between 2001 and 2008. In total,
1 242 P. unifilis individuals were captured, predominating females
(61.0%) over males (39.0%). Most individuals were adults (84.9%), with
lower percentages of juveniles (14.4%) and hatchlings (0.7%). The total
biomass contributed by P. unifilis to the diet of the Tacana communities
was 5 014 kg, most of the meat being used for family consumption,
and to a lesser extent as non-monetary exchange between families
within the communities. Hunting sites were located at an average of
6.28 km from the community, ranging between 0.42 km to a maximum
of 25.87 km. We found positive relationships between community
hunting area and number of hunters, community hunting area and
number of individuals hunted, as well as between community hunting
area and hunting rate, in three of the five communities.
Keywords: Biomass,
sustainable use.
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RESUMEN
Se evaluó la cacería de subsistencia de Podocnemis unifilis en cinco
comunidades de la Tierra Comunitaria de Origen Tacana I, a través
del automonitoreo de cacería entre 2001 y 2008. Se capturaron 1
242 individuos de P. unifilis. En cuanto a la proporción de sexos y
edades, existe mayor cantidad de registros de hembras (61.0%),
respecto a machos (39.1%). La mayor proporción de los individuos
fueron adultos (84.9%), respecto a juveniles (14.4%) y crías (0.8%).
La biomasa total aportada a la dieta de las comunidades tacanas es
de 5 014 kg. Generalmente la carne es para el consumo propio de
estas familias, pudiendo darse la venta y regalo en menor proporción.
Los lugares de cacería se encuentran, en promedio, a 6.28 km de
distancia en línea recta desde la comunidad, con una máxima de
25.87 km y una mínima de 0.42 km. Hemos encontrado relaciones
positivas en tres de las cinco comunidades entre respectivamente, el
área de cacería comunal y el número de cazadores, el área de cacería
comunal y el número de individuos cazados, y finalmente entre el
área de cacería comunal y la tasa de cacería.
Palabras clave: Biomasa, automonitoreo, comunidades indígenas,
uso sustentable.

INTRODUCTION
Freshwater turtles are the most intensely exploited group of reptiles for human
consumption and have proportionally more species in the IUCN threatened categories
than any other tortoise or turtle group (Klemmens & Thorbjarnarson 1995). This
overexploitation is due to the value they represent for human populations, providing
a range of resources and consumable products (meat, eggs, oil, medicinal remedies
and pets) and significant economic benefits for local communities (Moll & Moll
2004).
In Bolivia, the eggs and the meat of the yellow-spotted Amazon river turtle
(Podocnemis unifilis) and the giant Amazon river turtle (Podocnemis expansa) have
been used by Amazonian indigenous people since pre-Inca times (Paz Patiño 1991).
This exploitation intensified with the appearance of urban markets where eggs and
adult animals are commercialized (Conway 2004, 2008). The meat of P. unifilis is
considered especially appetizing, more so than the meat of P. expansa (ChamorroRengifo & Cubillos-Rodríguez 2007). After the decrease of P. expansa densities
due to historical exploitation, hunters started to focus on P. unifilis as a substitute
species (Figueroa 2010). This pressure, added to demographic characteristics such
as late sexual maturity (Caputo et al. 2005), caused a decline in their populations
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throughout their range (Pritchard & Trebbau 1984, IBAMA 1989a, Thorbjarnarson
et al. 1993).
Subsistence hunting has been an integral part of the way of life of Indigenous
People for millennia, contributing the nutritional needs of communities. Wildlife is
also intrinsically linked to the multiple worldviews of the Indigenous People of the
Amazon, contributing to myths, rituals, social cohesion (reciprocity), and control
and vigilance (Townsend et al. 2020). As such, the right to access natural resources
including wildlife is guaranteed by ILO Convention 169 on Indigenous and Tribal
Peoples, the Political Constitution of the Bolivian State (Constitución Política del
Estado) and the Bolivian Law of Mother Earth and Integral Development for Living
Well (Law 300: Ley Marco de la Madre Tierra y Desarrollo Integral para Vivir Bien).
In the Tacana I Indigenous Territory (Tierra Comunitaria de Origen Tacana I),
northern La Paz, Bolivia, the main source of animal protein is bush meat (CIPTA-WCS
2002, Tejada et al. 2006, Townsend et al. 2020). A total of 181 vertebrate species
are used, including 43 mammal, 72 bird, 16 reptile and 50 fish species (Tejada et al.
2006). Amongst the reptiles, the meat and eggs of tortoises (Chelonoidis denticulata),
known in Tacana as murida dati, and freshwater turtles (P. unifilis), known in Tacana
as ena dati, are consumed, and are also regularly used for medicinal purposes (CIPTA
& WCS 2002). The turtles are also under pressure from people outside the TCO, who
travel from Guayaramerín, Riberalta, Rurrenabaque, and even Brazil, to the Beni
River to hunt and harvest eggs (CIPTA & WCS 2002).
In the Bolivian Amazon, P. unifilis is a source of protein, eggs and oil for indigenous
communities and other river dwellers, and is considered a Vulnerable species
(Cortez 2009). This situation underlines the importance of monitoring populations
and their harvest and use. For the inhabitants of the Tacana I Indigenous Territory,
the consumption of bushmeat is the main source of protein, and five Tacana
communities on the banks of the Beni River prioritized a self-monitoring hunting
program within the Tacana I Indigenous Territory, supported by the Indigenous
Council of the Tacana People (CIPTA), and the Wildlife Conservation Society (WCS).
The objective of this study was to compare hunting data of Podocnemis unifilis from
self-monitoring between five indigenous communities.

MATERIALS AND METHODS
Study area
The Tacana I Indigenous Territory covers 412 735.35 ha in the Abel Iturralde
Province, La Paz Department, northeast of and overlapping with Madidi National
Park and Natural Area of Integrated Management (Fig. 1). Five major habitat types
are found in the Tacana I Indigenous Territory: humid Andean foothill forests,
seasonally humid Amazon forest, Amazonian riverine forest, seasonally flooded
savanna, and savanna woodland (Townsend et al. 2020).
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FIGURE 1. Location of the
Tacana I Indigenous Territory
in northwestern Bolivia
showing Tacana communities
participating in monitoring.
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The Tacana I Indigenous Territory is made up of 20 communities, totaling 610
families with a mean family size of 5.6 members, and 93.8% of the population
identifying as Tacana. However, only 15.6% speak the Tacana language, and Spanish
is the predominant language (CIPTA & WCS 2002). The organizational structure of
the Tacana people is based on the family nucleus, where the division of labor and
the social system is mainly based on kinship, as well as the maximum communal
authority or corregidor. For twelve communities, hunting is the second most
important economic activity, after agriculture, and the third most important for
communities located along the Beni River, where fishing is especially relevant.
The five Tacana communities that conducted self-monitoring of their hunting
activities, Cachichira, Carmen de Emero, San Antonio del Tequeje, Villa Fatima, and
Esperanza de Enapuera, are located along the Beni River alluvial plain (150 m above
sea level), at large distances from the nearest urban populations.

Sampling and data collection
Between 2001 and 2008, 99 hunters belonging to five Tacana communities
(Cachichira, Carmen del Emero, Villa Fátima, Esperanza del Enapurera and San
Antonio del Tequeje) conducted self-monitoring of their hunting activities. The
latter three communities joined self-monitoring efforts in 2004, and Esperanza de
Enapurera stopped taking records in 2007 when the community was translocated
due to changes in the course of the Beni River.
The self-monitoring hunting notebooks were designed during a workshop
with the hunters and CIPTA representatives. The characteristics of the notebooks
were modified over time in consensus with hunters, seeking to reduce complexity
whenever possible. For each individual captured, the notebook contains the
following data: date, time of departure, time of arrival, activity (deliberate hunting
event or opportunistic hunting event during agricultural activities), species, sex,
presence of eggs, weight, age category of each individual, destination of the meat
and hunting location (Townsend et al. 2020). To determine turtle sex, hunters
observed the presence of eggs inside females and the physical characteristics that
differentiate males from females (size, head color, tail size). Weights were obtained
with a scale (± 0.1 kg), and this was combined with an estimate of body size, to assign
age categories (adult, juvenile or hatchling). To determine if significant differences
were present in the sex and age of hunted individuals versus expected proportions
(sex 50/50, age 1/3 in each age category) and we applied the Chi-squared Test.
The self-monitoring notebooks included a map with reference points (communities,
streams, lakes, trails), where each hunter marked hunting locations.
The information was then digitized, and hunting locations were overlapped with
a 1 km2 grid with quadrant codes. Using a geographic information system program,
the hunting event was assigned to the coordinates of the center of the cell. The
distance in a straight line from the community to the hunting event was calculated
in QGIS 3.6. Records at distances greater than 50 km from the community were
eliminated because they were not within the area of traditional use and were
considered occasional events.
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Analysis
Hunting trends were evaluated according to the number of individuals captured
in each community, and percentages of records by sex and age, as well as monthly
variations. To calculate the biomass contributed by P. unifilis to the five Tacana
communities, we used the dressed weight (60% of total weight) of all captured
individuals (Townsend 1996). Using hunting events and the minimum convex
polygon produced in QGIS 3.6, we calculated community hunting areas for P.
unifilis per year and per community. Using Pearson’s correlations, we compared the
hunting area with the number of hunting events, number of hunters and hunting
rate. We also considered the size of the hunted animals and their relationship with
the community hunting areas. Considering the great variation between the number
of hunters in each community, which reflects the size of each community, we used a
hunting rate to compare hunting intensity between communities. The hunting rate
was calculated based on the number of records per year divided by the number of
hunters.

RESULTS
Between 2001 and 2008, among the five Tacana communities participating
in the self-monitoring hunt, 1 242 individuals of P. unifilis were hunted (Table 1),
over half of which were recorded in Carmen del Emero (706 individuals, 56.8%),
followed by Villa Fátima (280 individuals, 22.5%), San Antonio del Tequeje (112
individuals, 9.0%), Esperanza del Enapurera (84 individuals, 6.8%), and Cachichira
(60 individuals, 4.8%).
Information on the sex of hunted animals was available for 1 219 of 1 242 records
(Table 1), with females predominating (61.0%) over males (39.0%; 2 = 58.48, df =
1, p < 0.001). This pattern was repeated throughout the sample years (Fig. 2). At
the community level three communities show a similar pattern: Carmen del Emero,
Cachichira and Esperanza del Enapurera, whereas Villa Fátima hunted an even higher
proportion of females (71.8%), whereas in San Antonio del Tequeje the proportion
of females (49.1%) and males (50.9%) was similar. Of the 743 females recorded, 236
were reported with eggs, with an average of 27.9 eggs per female (range 1 – 50),
contributing 4 682 eggs to the diet of the Tacana communities (Table 1).
Information on the age categories of hunted animals was available for 1 203 of
1 242 records (Table 1) with the majority corresponding to adult animals (84.9%) or
juveniles (14.4%) and with very few hatchlings (0.8%), a pattern repeated in all five
communities every year ( 2 = 1471.4, df = 2, p < 0.001). Across eight years, P. unifilis
contributed 5 014 kg of biomass (annual average = 626.8 kg), with the highest
contribution by Carmen del Emero (2 752 kg), followed by Villa Fátima (1 351 kg),
and the other three communities consuming between 203 and 376 kg. The highest
biomass consumption of P. unifilis was in 2005 with 1 943 kg across all communities.
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Turtle meat was used for different purposes. According to 1 016 records that
included this information, it was mainly used for Tacana family consumption (89.4%),
gifts between families (4.9%), and 3.8% reported a combination of these uses (Table
2). The sale of P. unifilis meat represented 1.5% of records, and consumption-sale
and consumption-sale-gift combinations accounted for 0.3% and 0.2%, respectively.
Monthly reports (Fig. 3) show that the greatest number of P. unifilis records
occurred in two peaks: the first in May (255 records) and June (230 records), and
the second in August (258 records; 2 = 112.89, df = 1, p < 0.001).

TABLE 1. Podocnemis unifilis hunting report by community.
Minimum (Min), Mean (), Maximum (Max).

Total

%

Female

Male

Adult

Juv.

Infant

Dressed
weight
biomass
(kg)

60

706

4.83

56.84

57.63

42.37

83.64

14.55

1.82
0.89

231.90

2 869.40

2 032

84

6.76

59.52

40.48

89.29

9.52

1.19

332.50

353

29.42

0.77

6.82

18.82

112

9.02

49.07

50.93

75.68

24.32

0.00

376.00

238

26.44

0.92

3.61

10.07

280

22.54

71.84

28.16

94.20

5.43

0.36

1 356.00

1 911

27.30

0.43

6.83

25.87

Hunting
records

Tacana community
Cachichira

Carmen del Emero

Esperanza del Enapurera
San Antonio del
Tequeje
Villa Fátima
Total

1,242

% Hunting
records by sex

58.90

60.95

41.10

39.05

% hunting records by
age

82.13

84.87

16.99

14.38

0.75

5 014.2

Hunting distance
(km)

Total
N of
eggs

Eggs


Min.



Max.

148

29.50

0.84

4.17

15.50

4 682

28.22

27.87

0.77

0.43

6.82

6.29

18.82

25.87

TABLE 2. Use of captured Podocnemis unifilis individuals.

Tacana community
Cachichira
Carmen del Emero
Esperanza del Enapurera
San Antonio del Tequeje
Villa Fátima
Total

71

% of Hunting records by use

Total
hunting
records

Consumption

44
634
84
112
276
1 150

97.73
91.17
92.86
80.36
86.59
89.39

Consumption
-Gift
1.74
2.38
15.18
5.07
3.83

Consumption
-Sale

Consumption
-Gift-Sale

Gift

0.72
0.17

2.27
5.21
4.76
4.46
4.71
4.87

0.16

0.72
0.26

Sale

1.74

2.17
1.48
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FIGURE 2. Proportion of females and males of Podocnemis unifilis
hunted by five Tacana communities between 2001 and 2008.

The highest peak in P. unifilis consumption was in 2005 with 418 hunting
records, with Carmen del Emero recording the highest number (250), followed by
San Antonio del Tequeje (61 records) and Esperanza del Enapurera (50 records).
Villa Fátima presented the highest number of records in 2006 (86 records), and in
most communities the number of hunting records decreased after its maximum
peak. If we consider the hunting rate (number of animals per year, per hunter),
Esperanza del Enapurera is the community with the highest rate (13.5), followed
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by San Antonio del Tequeje (8.5), Carmen del Emero (6.9), Villa Fátima (5.8) and
Cachichira (2.5).
A total of 1 065 hunting events included a hunting location, with hunters traveling
an average distance of 6.29 km, with a maximum of 25.87 km and a minimum of
0.43 km. The longest average distance to hunting grounds was 6.82 km in Carmen
del Emero and Esperanza del Enapurera (18.82 km maximum distance). Villa Fátima
presented the longest maximum distance to hunting grounds (25.87 km), and an
average distance of 6.83 km (Fig. 4).
FIGURE 3. Total number
of Podocnemis unifilis
individuals hunted by sex
per month in five Tacana
communities.
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Maximum community hunting areas were observed for Carmen del Emero (433
km2) and San Antonio del Tequeje (51 km2) in 2005, and for Villa Fátima (350 km2)
and Cachichira (171 km2) in 2006 (Fig. 5). The majority of the communities then
reduced their hunting areas, with the exception of San Antonio del Tequeje which in
2007 increased its hunting area to 44 km2.

FIGURE 4. Straight line distance (km) from the community to Podocnemis unifilis hunting locations. The larger
clear line polygons represent the total minimum community hunting area for all species; the smaller dark line
polygons represent the Podocnemis unifilis minimum community hunting areas.
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FIGURE 5. Number of hunters
reporting Podocnemis unifilis
events per year, hunting rate
per year, number of hunted
individuals per year, and
minimum community hunting
area for the species per year for
each Tacana community.
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TABLE 3. Pearson’s correlation comparing number
of hunters, number of individuals and hunting rate
with minimum community hunting areas.

Communities
Cachichira
Number of
hunters

0.45

0.307

0.75

0.462

0.92

San Antonio del Tequeje

0.72

Esperanza del Enapurera

Cachichira

Carmen del Emero
Number of hunted
Esperanza del Enapurera
individuals
San Antonio del Tequeje
Villa Fátima
Cachichira

Carmen del Emero

Esperanza del Enapurera
San Antonio del Tequeje
Villa Fátima

FIGURE 6. Weight of hunted individuals of Podocnemis unifilis by distance.
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p Value

Carmen del Emero

Villa Fatima

Hunting rate

r

0.75
0.75

0.001
0.277
0.147
0,052

0.94

< 0.001

0.72

0.278

0.73
0.88
0.77
0.19
0.84
0.85
0.92

0.483
0.048
0.044
0.650
0.370
0.149
0.025
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There is a strong positive relationship between the size of the hunting area and
the number of hunters across all communities, although this was only significant for
Carmen del Emero. A strong positive relationship also existed between the size of
the hunting area and the number of individuals hunted, which was significant for
Carmen del Emero and Villa Fatima. With the exception of the Carmen del Emero
community, the relationship between the size of the hunting area and the hunting
rate was positive, but only significant for Cachichira and Villa Fatima.
No difference was observed in the size of individuals hunted in relation to the
distance to the different communities. The Carmen del Emero community hunted
the largest number of large P. unifilis individuals.

DISCUSSION
The highest number of yellow-spotted Amazon river turtle hunting events was
recorded in Carmen del Emero, the largest of the five communities that participated
in self-monitoring. A relative abundance estimation of P. unifilis shows that the
section of the river where this community is located has the third lowest relative
abundance (2.85 individuals/km), after Villa Fatima and Cachichira (2.55 individuals/
km), both medium-sized communities. In stretches of the river without communities,
or smaller communities such as San Antonio del Tequeje, the highest relative
abundance was recorded (4.07 individuals/km) (Carvajal-Bacarreza 2009). Lower
turtle abundances nearer communities were previously reported in the Iténez River
basin (Conway 2004). This phenomenon might explain why more distant community
hunting areas were recorded for Villa Fatima, possibly as a compensation for local
depletion of turtle populations.
In general, adult individuals are hunted more frequently, as was reported in the
Orinoco basin (Hernández & Espín 2003), as higher meat weight drive hunters to
capture adult turtles. Females are larger and heavier than males, possibly explaining
the higher proportion of females in hunting reports (Castellón et al. 2013). Although
there is probably a preference for females because of the amount of meat and eggs
they provide, it is also possible that their higher frequency in the records is related
to variable availability across the year. The months of greatest consumption of P.
unifilis (May-August) coincide with the nesting season, when the probability of
finding females is higher and they are more susceptible to being captured during
beach inspections and nesting activity (Soini 1995, Del Aguila 2005, Arbaiza et al
2015).
Hunters capture the larger sizes of P. unifilis due to preferences for high meat
quantity (Hernández & Espín 2003). Turtle sightings by age category also indicate that
the highest proportion of individuals observed during counts are adults (CarvajalBacarreza 2009), making this category more detectable, as well as providing higher
meat quantities, and therefore the most frequently hunted. Del Águila (2005) states
that there is more exploitation of aquatic turtles when they come out to lay their
eggs because they are easier to capture, although he also mentions that they can be
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captured in rivers and backwaters because during the dry season the water is more
transparent and allows better visibility.
The 5 014 kg of harvested turtle represents 6.9% of the total biomass
contributed by wildlife hunted between 2001 and 2007, and was the fourth most
important species after the white-lipped peccary (Tayassu pecari), lowland tapir
(Tapirus terrestris) and collared peccary (Pecari tajacu), contributing 27.7%, 12.4%
and 10.3%, respectively. The sale of turtle meat occurs very rarely in the Tacana
communities. The sale of eggs extracted from nests during the nesting season
still needs to be evaluated, as eggs are very desirable and marketing may be more
common than meat sales. The Ashéninka Indigenous People also intensively harvest
eggs during the nesting season (Arbaiza et al. 2015). These authors also report that
the approximate hunting rate is between one and ten individuals of P. unifilis per
family per year, similar to the ranges reported in this study, although it is noteworthy
that one of the smaller communities, Esperanza del Enapurera, had a slightly higher
extraction rate (13.5). This may be because access to the resource is easier since
there are not many hunters, compared to larger communities, where hunters must
search harder to find turtles.
The hunting locations for P. unifilis partially overlap with parallel turtle population
estimate efforts (Carvajal-Bacarreza 2009). Turtle aggregations are found in different
habitats in the main course of the Beni River, as well as lagoons or streams (CarvajalBacarreza 2009), where hunting of these turtles is also reported. Hunting efforts are
probably concentrated at sites with high turtle concentrations (Carvajal-Bacarreza
2009) because of the greater availability of individuals for hunting. Hunting could
be displacing turtles to other locations, including for nesting, as nests having been
reported on steeper banks (Carvajal-Bacarreza 2009). We observed that hunters are
able to hunt large individuals of P. unifilis near to the communities, possibly indicating
that the hunting pressure of P. unifilis is relatively low near the communities of the
Beni River, with hunted individuals replaced through recruitment.
The analyses presented here were based on data reported by the hunters
themselves, showing the value of local knowledge as an excellent source of biological
and ecological information. For example, reported weights coincide with those of
previous academic studies in Venezuela (Hernández & Espín 2003), northern Brazil
(Fachín-Terán & Vogt 2004), and in the same study site in Bolivia (Carvajal-Bacarreza
2009). Clutch size reported by the Tacana hunters for P. unifilis was also similar to
the averages reported by other authors in Venezuela (Espín & Hernández 2003), in
Brazil (Gerreiro et al. 1989), in northern Brazil (Fachín-Terán & Vogt 2004), in the
Pacaya River, Peru (IBAMA 1989b, Soini 1994), in the Mamoré River, Bolivia (CDF
1994), and in the Beni River itself (Carvajal-Bacarreza 2009).
The yellow-spotted Amazon river turtle is an important resource for the Tacana
communities. Including the self-monitoring of hunting in conservation efforts allows
communities to make decisions towards a more sustainable use of resources. It is
important to outline that the Tacana I TCO has developed different mechanisms
to regulate access to its natural resources, including banning the hunting of some
endangered species, such as the wattled curassow (Crax globulosa), the giant otter
(Pteronura brasiliensis), and the neotropical river otter (Lontra longicaudis) (CIPTA
2008). Similarly, the experience of the Carmen del Emero and San Antonio del
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Tequeje communities in the protection of an important river turtle reproduction
beach (Carvajal-Bacarreza 2009) shows it is possible to propose conservation
management mechanisms in the future, without halting subsistence use. Indeed,
the San Antonio del Tequeje community proposed a strategy to identify “protected”
beaches for turtle nesting and other beaches for harvesting (Carvajal-Bacarreza
2009), so as to ensure new individuals are added to the population, while at the
same time allowing subsistence harvest. This strategy is already being implemented
in the Bahuaja Sonene National Park in Peru, and is an interesting conservation
and management strategy for Podocnemis species. In addition, it is important to
consider the number of adults extracted from the population, information that can
be obtained with the hunting records, showing the relevance of self-monitoring
efforts such as the Tacana experience.
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