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ABSTRACT. Chelonians constitute an important source of food and income for the inhabitants of tropical forests. We assessed the
social, biological, and environmental factors affecting the hunting and trade of the endangered yellow-footed tortoise (Chelonoidis
denticulata) in rural and urban areas in the Amazon and estimated the sustainability of tortoise use. We also discuss possible conservation
alternatives that are compatible with the needs of local inhabitants. We monitored tortoise hunting and trade for 12 yearsin 10 traditional
communities that exploit different habitat types in the Brazilian Amazon and collected data on the tortoise trade in two urban markets
for six years. In upland forests, tortoise hunting mainly occurred during the dry season; in whitewater flooded forests, hunting mainly
occurred during the flood season. The tortoise trade was carried out nearly entirely by whitewater flooded forest users and was intimately
related to fishing, the main economic activity in these communities. Furthermore, the tortoise trade was encouraged in whitewater
flooded forests because this environment yielded significantly heavier tortoises than upland forests, and we observed a strong relationship
between trade probability and tortoise size. The tortoise trade was found to primarily supply nearby urban centers, generating high
monetary gain. Female tortoises suffered greater hunting pressure and were more valued in the bushmeat market. The productivity of
tortoise hunting in the monitored communities severely decreased with time. In addition, the price per kilogram of tortoise greatly
increased in the urban market. Given this unsustainable scenario, policies regulating tortoise hunting in the Amazon are needed. These
policies must be adapted to the different patterns of tortoise use by rural communities while maintaining the culture and food sovereignty

of the local inhabitants.
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INTRODUCTION

Balancing hunting activity with the conservation of biodiversity
remains a major challenge. Game meat is one of the most
important sources of consumed protein, fat, and micronutrients
in rural communities, where access to commerce is limited and
raising domestic animals is difficult (Ayres et al. 1991, Redford
1997). Hunting in remote rural areas is often essential for the
survival of local residents because it ensures food security for the
population, contributes to the maintenance of social and cultural
ties, and contributes to healthy diets, which often cannot be
maintained by domestically produced food (Ibarra et al. 2011).
Simultaneously, because of various examples of unsustainable
hunting around the world, hunting is considered by many authors
to be a major anthropogenic driver of biodiversity loss (Bennett
et al. 2007).

The harvest rate of wildlife is particularly high in tropical regions.
Fa and Peres (2001) report the consumption of between 1 and 3.4
million tons of game meat annually by rural people in Central
Africa, and Nasiet al. (2011) estimated that at least 6 million tons
of bushmeat are consumed annually in the Congo and Amazon
basins. A substantial fraction of the bushmeat harvested in
tropical regions also provides income to hunters and their families
through the sale of this product to urban markets. Although
urban residents have several options for protein sources, game
meat consumption remains common because of the low cost of
the product and an appreciation for cultural traditions (Aiyeloja
and Ajewole 2006, van Vliet and Mbazza 2011).

Many studies have reported the expansion of subsistence hunting
and urban game meat markets in tropical regions and suggested
solutions for avoiding the overexploitation of wildlife (van Vliet

et al. 2012). However, most of these studies have focused on
African tropical forests rather than on bushmeat consumption by
rural and urban residents in the Amazon (Nasi et al. 2011). Some
authors have suggested that bushmeat consumption in the
Amazon is minimal because nearly all inhabitants have access to
sources of protein from livestock breeding (Rushton et al. 2005,
Nasi et al. 2011). Conversely, Peres (2000) estimated that
approximately 23.5 million wild animals are consumed each year
by locals in the Brazilian Amazon. This annual extraction rate
would amount to a meat market of approximately US$191
million, second only to logging among extractive activities in
Brazil. Bodmer and Lozano (2001) estimated a value of
US$1,131,910 in annual game meat consumption in the Peruvian
Amazon, with urban consumers spending at least US$250,268
annually in the Iquitos bushmeat market.

Despite providing valuable information regarding harvesting
rates, several studies estimating the magnitude of hunting and
assessing its sustainability in the Amazon were restricted to a short
sampling time and performed on a sporadic basis. In addition,
current information regarding game meat consumption in rural
and urban areas in the Amazon is concentrated near easily
accessible cities, whereas remote communities and isolated cities
have rarely been included in relevant studies (e.g., De Souza-
Mazurek et al. 2000, Hurtado-Gonzales and Bodmer 2004). All
of these factors hinder our understanding of the large-scale effects
of hunting and trading target species in the Amazon.

The Amazon forest, although classified as a single biome, consists
of various types of environments (Colinvaux and Bush 1991), and
the use of wildlife by human populations can differ widely among
these environments (Valsecchi and Amaral 2009). Therefore,
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long-term studies that provide a greater understanding of the
ecological, social, economic, and cultural dimensions related to
hunting are required in this biome (Nasi et al. 2011).

For example, an animal’s behavior and susceptibility to hunting
may be influenced by environmental factors in the Amazon.
Valsecchi et al. (2014) determined how river water levels, moon
illumination, and different types of Amazonian ecosystems affect
lowland paca (Cuniculus paca) hunting in the Central Amazon.
In addition, preferences for certain biological characteristics, such
as animal size or sex, can result in selective killing (e.g., Nielsen
and Meilby 2015). The wealth of local families and their
dependence on hunting for income are also important economic
factors that may determine the intensity of bushmeat
consumption and trade in rural and urban areas (e.g., Fa et al.
2009). Similarly, cultural factors, such as the hunting methods
used, medicinal properties of wild animals, and taboos, can
influence hunting patterns and bushmeat consumption by
Amazonian residents (van Vliet and Nasi 2008). Together, all of
these drivers of hunting will impact the effectiveness of policies
for regulating hunting in the Amazon. In addition, the main target
game species are not equally included in studies on hunting in the
Amazon. Knowledge of the unique aspects of the hunting of each
primary game species can contribute to our understanding of a
wide range of hunting practices in this biome.

Although not included in most hunting studies, chelonians are
among the main hunted species in the Amazon (Fachin-Teran et
al. 2004). In addition to being hunted for subsistence, freshwater
turtles and tortoises are hunted for sale. These animals can achieve
high market values because their taste is appreciated by
consumers, because of cultural elements such as the consumption
of freshwater turtles and tortoises during holiday celebrations,
and because it is easy to keep them alive until they are sold (Ross
et al. 1978, Valsecchi and Amaral 2009). The high consumption
and trade rates of chelonians have caused them to become one of
the most threatened vertebrate groups in the world (Turtle
Conservation Coalition 2011). Peres (2000) noted that tortoises
(Chelonoidis spp.) have the highest rates of per capita
consumption and represent the largest amount of biomass
harvested among chelonians in the Brazilian Amazon. Bisbal
(1994) and Aquino et al. (2007) also demonstrated that tortoises
arelargely represented as a target species among all species hunted
in rural areas in Venezuela and Peru.

The yellow-footed tortoise (Chelonoidis denticulata) is the most
widely distributed tortoise species in the Amazon. The
overexploitation of this species for consumption, trade, and the
pet industry has mainly resulted in its classification as vulnerable
to extinction by the International Union for Conservation of
Nature (IUCN; Paez et al. 2012) and its inclusion in Appendix IT
of the Convention on International Trade in Endangered Species
of Wild Fauna and Flora (IUCN 2013). In contrast, chelonian
monitoring and conservation projects generally do not consider
the yellow-footed tortoise in their conservation efforts. Therefore,
understanding the roles of yellow-footed tortoise hunting for the
subsistence and income of rural people in the Amazon is an
important step for developing conservation strategies for this
endangered species and for maintaining food sovereignty for rural
populations.
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In this study, we analyzed data from our 12-year hunting
monitoring project in the Central Amazon to (1) assess the social,
biological, and environmental factors that influence the hunting
and trade of yellow-footed tortoises in rural and urban areas; (2)
estimate the sustainability of yellow-footed tortoise hunting and
trade in the region; and (3) discuss possible alternatives for the
conservation of the yellow-footed tortoise that are compatible
with the needs of the inhabitants of the Amazon.

METHODS

Study area

We conducted the study in the middle region of the Amazon River
in the Brazilian Amazon (Fig. 1). We monitored the hunting of
yellow-footed tortoises by traditional communities inhabiting two
Sustainable Development Reserves (Class IV, IUCN). The
Mamiraud Sustainable Development Reserve (03°08’S;
64°,45°W) comprises 1124 km? and mainly consists of forests
flooded by whitewater rivers, which are referred to as whitewater
flooded forests or vdrzeas. Whitewater flooded forests remain
completely flooded during long periods of the year (Ferreira-
Ferreira et al. 2015), which limits the occurrence of most
terrestrial animals (de Queiroz 2011). The Mamiraua Sustainable
Development Reserve has a population of approximately 11,000
inhabitants distributed in 145 communities.

Fig. 1. A map showing the two studied reserves, the
communities monitored for tortoise hunting, and the main
urban centers near the study area in the Brazilian Amazon.
Bom Jesus do Baré and Boa Esperanca are communities
exclusively users of upland forests; Sdo Francisco do Aiuca,
Barroso, Boca do Mamiraua, Sitio Fortaleza Sao José, and Sao
Raimundo do Jaraua are communities exclusively users of
whitewater flooded forests; Nova Jerusalém do Amana, Belo
Monte, and Sio José do Urini are communities users of both
environments.
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The Amana Sustainable Development Reserve (03°%16°S;
65°23°W) comprises 2350 km? and mainly consists of upland
forest (terra firme),and whitewater flooded forests and blackwater
flooded forests (igapo). This reserve is predominantly composed
of upland forests, with blackwater flooded forests covering the
smallest total area. The Amana Sustainable Development Reserve
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has a population of approximately 4000 inhabitants that live in
57 communities.

We selected 10 communities to monitor tortoise hunting
according to the main environments exploited by residents. Two
of the monitored communities are exclusive users of upland
forests, five communities are exclusive users of whitewater flooded
forests, and three are users of both environments (Fig. 1).
Agriculture is the main economic activity of community users in
upland forests, whereas white-water flooded forest community
members are mainly fishers because flooding hinders agriculture.

In addition, we collected information regarding the trade of
yellow-footed tortoises in the urban markets of the municipalities
of Alvaraes and Tefé, two urban centers located near the reserves.
The municipality of Alvardes has approximately 15,000
inhabitants, and Tefé has approximately 62,000 inhabitants.

Data collection

Between 2003 and 2013, we monitored yellow-footed tortoise
hunting in 10 rural communities that were classified into 3 types
of exploitation patterns in Amazonian environments. We hired a
local resident in each community to record daily information
regarding hunting events, which were voluntarily reported by
other community members. The local collector recorded the
following information: the time spent by hunters in tortoise
hunting, the activity performed during tortoise hunting (whether
it was an intentional or opportunistic encounter with the animal),
the number of hunters involved in the hunting events, the period
of the day, the hunting location, the tools used to capture the
tortoise, the number of individuals hunted, biometric data, the
sex of the hunted specimens, the destinations of the animals
(whether they were consumed or sold), and their selling price if
sold.

We considered data on the frequency of intentional expeditions
to hunt yellow-footed tortoises, the motivation for hunting
(consumption or trade), the methods used for hunting, the
number of people involved in hunting, and the period of the day
during which hunting was performed as social and cultural factors
that influenced the hunting and trade of yellow-footed tortoises.
We considered the sex, length, and weight of the hunted animals
as biological factors that influenced tortoise hunting and trade.
Finally, we considered differences in tortoise hunting patterns in
upland forests and whitewater flooded forests as environmental
factors that influenced tortoise hunting and trade.

Furthermore, we conducted interviews in urban centers in the
cities of Alvaraes and Tefé in 2007 and between 2009 and 2014,
respectively. However, continuous daily collections were only
conducted during the last two years in Tefé. We interviewed
hunters in the city and intermediaries of game meat bound for
urban markets to determine the amounts and prices of tortoises
sold. We considered the people who claimed to have captured the
animals in the forest as hunters and those who bought the tortoises
from hunters and intended to sell them to local traders as
intermediaries. We were unable to conduct interviews with traders
in the city.

Data analysis

We analyzed the social and cultural factors influencing yellow-
footed tortoise hunting and trade by using descriptive analyses
and calculating the frequency of intentional hunting expeditions,
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the average number of hunters involved in each event, the most
common method used, the preferred period of the day, the
destinations of the tortoises, and their sale prices. We analyzed
the influences of biological factors on hunting by comparing the
proportions of males and females hunted in different habitats
using the chi-square test. The length of the carapace between the
sexes was compared using a Student t test, and the body weights
between the sexes and environments were compared using a two-
way analysis of variance.

For biological factors influencing trade, we estimated the
probability of males and females to be sold according to their
body weight using logistic regression. In addition, we tested the
relationship between body weight and tortoises selling price by
rural hunters using linear correlation. We analyzed the effects of
environmental factors on tortoise hunting and trade by using
descriptive analyses to determine the harvesting seasons by
environment and by comparing the consumption and trade ratios
for each type of environment used by the communities by applying
the chi-square test.

We used two indexes to assess the sustainability of tortoise
hunting and trade in the study area. We calculated the catch-per-
unit-effort (CPUE) index using the biomass per hunter per hour
of effort applied during yellow-footed tortoise hunting events (kg/
man*hour) as a measure of harvest productivity. For this analysis,
we only included intentional tortoise-hunting events. In addition,
we evaluated trends in yellow-footed tortoise sale prices sold over
the monitored years using linear correlation.

We adjusted the selling prices according to inflation, with
reference to the General Price Index for Brazil estimated by the
Getulio Vargas Foundation. We used the exchange rate on
November 4, 2014, to convert the Brazilian real into US dollars
(R$2.50 = US$1.00). Statistica 8.0 software (http://www.statsoft.
com/) was used for all statistical analyses, and we considered
results significant at p < 0.05.

RESULTS
Factors influencing tortoise hunting by rural communities

Social aspects of hunting

We recorded 604 hunted Chelonoidis denticulata individuals that
were obtained across 327 hunting events, with a total biomass of
5533.1 kg. Most tortoise hunting trips were carried out during
the day (97.4%) by a lone hunter or a pair of hunters (64%). Many
of the captured tortoises were products of hunting events
performed over the course of several hours, which lasted between
8and 12 hours (50.18%). Each hunting event obtained an average
of 1.82 (% 1.6) tortoises, although records indicated some hunting
events resulted in the capture of up to 15 individuals. The most
frequently used method for hunting tortoises was to visually
search the locations used by the animals for shelter, feeding, or
thermoregulation (74.17%, n = 448). Hunting dogs, which are
widely used in the Amazon, were used on a smaller scale for
yellow-footed tortoise hunting in this region (12.6%, n = 37).

Most tortoise captures were linked to opportunistic encounters
with the animal (59.1%, n = 357) when performing other activities,
such as hunting other species, fishing, farming, or gathering Brazil
nuts. However, the number of intentional tortoise-hunting events
was high (41.9%, n = 253), indicating that hunters highly prize
this species.
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Biological and environmental aspects of hunting

Hunting of female tortoises occurred more frequently than the
hunting of male tortoises (57.4%, n = 313 females; 42.6%, n =
232 males; x> = 1.22, df = 1, p < 0.05) in both upland and
whitewater flooded forests (x> = 3.51, df =2, p > 0.05). Females
and males presented similar straight carapace lengths, which were
402.8 + 35 mm for females and 405.1 + 51 mm for males (t = 0.67,
df =484, p > 0.05). The same relationship was observed for the
weight of the hunted individuals (F, ;,,=2.51,p>0.05). However,
the whitewater flooded forests yielded significantly heavier

tortoises than the upland forests (F 5, = 93.84, p <0.01; Fig. 2).

Fig. 2. Influence of the sex and the environment on the weight
of yellow-footed tortoises (Chelonoidis denticulata) hunted in
the Brazilian Amazon. The bars represent 95% confidence
intervals.
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Yellow-footed tortoise hunting increased during two seasons of
the year; however, these periods varied according to the
environment. In upland forests, tortoise hunting mainly occurred
during the dry season between November and January. In
whitewater flooded forests, hunting mainly occurred during the
flood season between May and July (Fig. 3).

Factors influencing the tortoise trade in rural and urban areas

Social and cultural aspects of the trade

The tortoise trade was almost entirely practiced by residents of
whitewater flooded forests. Tortoises hunted in upland forest
communities were primarily consumed, whereas more tortoises
hunted in whitewater flooded forest communities were sold than
consumed (x> = 152.03, df = 3, p < 0.01; Fig. 4). Even among
community users of both environments, hunters tended to sell
proportionately more tortoises from whitewater flooded forests
than from upland forests.

Most of the hunted tortoises with a declared destination were
sold (58.7%, n = 334), with urban markets being the most frequent
destinations (70%, n = 119). The municipalities of Tefé and Uarini
were the main recipients of tortoises sold by hunters. In addition
to selling tortoises in urban centers, hunters sold tortoises to
people within their own communities or neighboring
communities (31.4%). According to local traditions, the yellow-
footed tortoises were always traded alive by the hunters, even when
many months had lapsed between the hunting event and the sale
to the consumer.
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Fig. 3. Mean of captures of tortoises per month over the 12
years of hunting monitoring in upland forests and in
whitewater flooded forests in the Brazilian Amazon. Bars
represent standard errors.
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Biological and environmental aspects of the trade

The hunters’ decisions to sell female tortoises to urban centers
were influenced by the individual’s body weight because females
with higher body weights were more often sold to urban centers
than locally consumed (x2 = 23.30, df = 1, p < 0.01; Fig. 5). In
contrast, weight did not influence the selling probability of male
tortoises (x2 = 0.13, df = 1, p > 0.05). To price the yellow-footed
tortoises, the hunters account for the sex and body weight of the
individual. The average price per kilogram is very similar between
females (US$1.04 = US$0.36) and males (US$1.00 = USS$0.36; t
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=0.80, df = 180, p > 0.05). However, the price of females was
strongly determined by body weight, with larger females being
sold at a higher price in both urban centers (r = 0.49, p < 0.05, r?
= 0.24, n = 58) and within the reserves (r = 0.68, p < 0.05, r2 =
0.47, n = 23). Conversely, weight did not influence the price
determined by hunters for males, regardless of the selling
destination (r=0.26, p > 0.05, r2=0.07, n = 33, for urban centers;
r=0.32, p>0.05, r>= 0.1, n = 24, for hunters’ and neighboring
communities).

Fig. 5. Trade probability of female tortoises to urban centers as
a function of body weight.
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The pricing of yellow-footed tortoises

The prices of tortoises sold by hunters from the reserves varied
according to the destination of the sale. During the last two years,
the hunters decided that they would charge an average of
US$10.76 (£ US$3.0) per individual in trades within their own
community or neighboring communities, which is equivalent to
US$1.30/kg (£ US$0.4). Simultaneously, hunters significantly
increased the amount they charged per tortoise when selling to
intermediaries bound for urban markets, charging US$14.75 (
US$4.6) to intermediaries bound for Uarini and US$15.88 (x
US$4.3) for those bound for Tefé, which is equivalent to US$1.86/
kg (£ US$0.6).

We obtained records of 64 yellow-footed tortoises that were sold
directly in urban centers. In the city of Alvaries, tortoise prices
ranged from US$2.00 to US$20.00. In Tefé, hunters from various
localities sold tortoises to intermediaries for US$29.76 (£ US$4.2)
each. The intermediaries resold the tortoises to traders for
approximately US$45.44 (+ USS$9.8), generating a profit of
between US$8.00 and US$16.00 per individual. Thus, from the
first sale of tortoises transacted by hunters in the city to their
availability to the end consumers, the prices of the traded
individuals increased by at least 153%.

Sustainability of yellow-footed tortoise harvest

The productivity of intentional tortoise hunting in the monitored
rural communities has decreased over the years (r =0.82, p <0.05,
r2=0.67; Fig. 6A). An outlier value of CPUE was found in 2009;
thus, we excluded this year from the analysis. Our data indicated
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that tortoise hunting in this region may become very difficult and
unproductive in six years. Additionally, the prices per kilogram
of tortoises sold by hunters from the studied reserves and in cities
have increased over the years (r =0.66, p<0.01, r2=0.44; Fig. 6B).

Fig. 6. (A) Negative trend of tortoise hunting productivity
(catch per unit effort) over the years of monitoring, considering
both upland and whitewater flooded forests. (B) Increasing
trend of the price per kilogram of tortoises sold by hunters of
the studied reserves to the urban market.
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DISCUSSION

Social, biological, and environmental drivers that determine the
hunting intensity of yellow-footed tortoises may also indicate
ways to promote conservation strategies for this species. For most
hunting events, social factors, such as the number of hunters and
the period of the day, were the factors affecting the hunting of
most species in the region (Valsecchi and Amaral 2009). However,
unlike other regions of the Amazon, we detected a low frequency
of the use of dogs to capture tortoises (Koster 2008). Dogs are
normally interested in detecting and chasing animals that move
or emit sounds. To find tortoises, dogs must be capable of
detecting animals that remain hidden, motionless, and silent when
subjected to a threatening situation. Therefore, possible obstacles
to applying this method are the need for intensive dog training to
locate tortoises in the forest and the high occurrence of hunting
in flooded forests, where the exclusive use of canoes during the
flood season limits dog activities. In contrast, successful capture
through a visual search is conditional on the hunter’s ability to
detect the tortoise and promotes the development of experts in
the capture of this animal. This specialist training is corroborated
by the high number of intentional hunting events detected,
especially in communities where the trade of the species is
frequent.

The high number of female tortoises hunted in the reserves is an
important biological indicator of the segment of the population
that is most severely affected by hunting. Because males and
females have similar biometric measurements, the larger number
of females hunted may not be influenced by the size of the animals.
Therefore, the greater numbers of females among the hunted
individuals may result from a higher proportion of females in the
wild or from sex-biased harvesting by hunters. In contrast with
our results, Jerozolimski (2005) estimated that a higher proportion
of males than females were present in wild populations of
Chelonoidis denticulata in the Brazilian Amazon (1.28:1).
Throughout the Amazon biome, female chelonians are more
appreciated for consumption because of their higher fat content
and because they may have eggs inside their bodies. This finding
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supports the hypothesis of sex-biased harvesting of Chelonoidis
denticulata during hunting. Because this preference for females is
closely related to reproductive aspects of the species, this pattern
of hunting may compromise population growth rates and should
be considered in conservation strategies.

Environmental factors, such as climate, water levels, and
vegetation, combine to promote seasons during which a
predominance of yellow-footed tortoise hunting occurs. These
seasons are opposite in upland and whitewater flooded forests. In
upland forests, tortoises become concentrated within small
lowland areas in the forests that remain moist during the dry
season, which attracts hunters to these locations. In contrast,
tortoises have fewer shelter options during the flooding period in
whitewater flooded forests; thus, they become more detectable by
hunters. We also recorded a high intensity of tortoise hunting in
January in the whitewater flooded forests. Although January is a
month of low water, this period coincides with the fructification
of the Java plum tree (Spondias lutea), a common plant species
in Amazonian whitewater floodplains that is consumed by the
tortoises in this region. The numerous fallen fruits attract the
tortoises, which facilitates their detection by hunters around these
trees. The considerable traditional knowledge of the local
residents concerning tortoise behavior allows for high tortoise
hunting success in both environments.

Our results show the importance of considering these two main
Amazonian environments as distinct when describing hunting
activities, evaluating their impacts, and implementing
conservation policies. The trade of tortoises is also strongly
influenced by social and environmental factors, which greatly
differed between upland and whitewater flooded forests.
Although the motivation for hunting tortoises in upland
communities is subsistence consumption, the motivation in
whitewater flooded forest communities is primarily to obtain
financial resources.

The incomes of communities in upland forests are linked to
agricultural production, with periodic sales aligned with
cultivation cycles. In addition, communities that are exclusive
users of the upland forests monitored in the reserves are near
blackwater rivers, which have lower amounts of fish. Thus, the
inhabitants near blackwater rivers are more dependent on game
meat for subsistence and disfavor bushmeat trade. In turn, the
incomes of whitewater flooded forest communities or users from
both environments are predominantly linked to fish. Contrary to
the suggestions of many authors, the high abundance of fish in
whitewater rivers is not sufficiently correlated with reduced
hunting pressures (e.g., Nasi et al. 2011). Whitewater flooded
forest residents, although less dependent on game for subsistence,
still collect tortoises to obtain income during various periods of
the year. Tortoises in whitewater flooded forests become more
detectable during the flood season, which corresponds to the
period when obtaining fish becomes more difticult. The absence
of large mammals that are often hunted in upland forests (Peres
1999, de Queiroz 2011) and the increase in tortoise capture during
a particular season demonstrate the importance of this species in
the economics of whitewater flooded forest communities.

Additionally, the communities in whitewater flooded forests use
the reliable fish market for trading captured tortoises. The well-
established trade system of game products was also noted by
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Nielsen and Meilby (2015) as an important driver of the sale of
game meat in Africa. Another factor that contributes to the trade
of tortoises from whitewater flooded forests is the high
productivity of this environment, which results in heavier
tortoises.

We observed that the decision to sell or consume hunted tortoises
is motivated by individual weight because larger individuals
provide greater monetary gain. This relationship is primarily
positive for females, which indicates that buyers do not randomly
prefer large individuals but rather select large females because of
the greater probability that they will contain eggs. For the same
reason, only the females have sale prices related to body weight.
Males are randomly priced depending more on the decision of
the hunter than on size.

We observed that the sale of tortoises by rural residents was
mainly conducted to supply nearby urban centers. As noted by
Fa et al. (2009) in Africa, even in urban sites where there is access
to other legal meats such as chicken and beef, the consumption
of game meat remains high. This practice endures because much
of the urban population in tropical countries is still closely linked
to rural culture, preferring game meat to domestic sources of
protein (Nasi et al. 2011).

However, our sales records in the city are sparse because of the
difficulties in obtaining information regarding urban markets. van
Vliet et al. (2014) showed that the yellow-footed tortoise
represents an important proportion of the bushmeat sold in Peru
markets but not in Brazil. Our work indirectly indicated that the
sale of tortoises in the Brazilian urban market should not be
disregarded. Therefore, greater efforts should be made to
understand this market.

For hunters, the sale of game meat to urban centers is more
profitable than the sale in rural areas because meat commands a
higher price in urban centers. We observed three categories of
people involved in the sale of tortoises, and the price of the meat
increased at every step in the marketing chain. In some cases, the
intermediaries profited more than the hunters, and the traders
likely profited even more.

In some regions, game meat is a cheap source of protein and is
crucial for the poorest urban households. However, in other
regions, bushmeat commands high prices that only the richest
people can afford (Nasi et al. 2011, van Vliet et al. 2012). Tortoise
meat in Tefé was more than twice as expensive as chicken
(US$2.00/kg), the main domestic animal consumed in the region,
and approached the price of the cheapest beef options available
in the city (US$4.40/kg). In addition, tortoise meat costs 10 times
more than the most popular fish species in Tefé. Thus, in this
Amazon region, tortoise meat is not the cheapest source of
available protein, and urban residents have chosen to pay a higher
price to consume this game meat.

Sustainability of the yellow-footed tortoise harvest

The rapid growth of rural and urban populations and increased
accessibility to remote areas of the forest promote overhunting
of the game species (Albrechtsen et al. 2007), which was quickly
perceived when analyzing the productivity of tortoise hunting in
Central Amazonia. The sharp decrease in the productivity of
hunting activities in the study area can severely affect the food
security of the residents and their family incomes. This drastic
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decrease has already been felt by hunters, who have reported
increasing difficulties in capturing yellow-footed tortoises. The
high value of CPUE found in 2009 resulted from an atypical event
of severe drought during that year. The low number of remaining
wetlands likely sheltered a large number of tortoises requiring
thermoregulation, which attracted hunters to these areas and
increased hunting productivity. This event indicates that climate
changes in the Amazon could vastly impact the sustainability of
tortoise use by Amazonian communities.

Thus, as the productivities of hunting activities decrease, hunters
must exert greater effort and incur higher costs to catch tortoises
in the wild, elevating the price at the time of sale. Therefore,
fluctuations in the price of game showed the same pattern found
in the productivity of hunting and were an efficient indicator of
unsustainability. van Vliet et al. (2012) reviewed the use of hunting
prices as sustainability indicators and criticized this approach
because the urban market is supplied from many sources of game
meat; thus, trends may not be easily identified. However, our
monitoring is based on many sampling years, and we directly
monitored the sales price from hunters, the first link in the
production chain. In this case, hunting is the main variable that
influences tortoise prices.

Converseetal. (2005) suggested that tortoises have low population
growth rates, which hinders the recruitment of individuals in the
case of mortality on a large scale. In contrast, Hailey (2000)
suggested that the spur-thighed tortoise (7estudo graeca) has high
productivity under management, indicating potential for its
sustainable use. Currently, chelonian conservation projects in the
Amazon have focused their efforts more on species that nest on
beaches by promoting community-based protection of nesting
areas (e.g., Caputo et al. 2005 for Podocnemis unifilis). In contrast,
despite being subjected to frequent traditional uses by rural
populations, terrestrial chelonian species, such as the yellow-
footed tortoise, are rarely included in conservation programs.

Alternatives to mitigate the impacts of yellow-footed tortoise
hunting

Resolving the worldwide bushmeat crisis is difficult because it
involves many social, biological, and environmental challenges,
which are often particular to each game species. Discussions
regarding the best strategies for reducing or mitigating the impacts
of hunting are longstanding. Some studies have addressed
discouraging the consumption and trade of game by proposing
surveillance measures in urban markets, imposing fines and
prison sentences for wildlife traders and improving meat price
controls, reducing the market price of farm-raised meat, and
increasing bushmeat prices (Wilkie and Carpenter 1999, Milner-
Gulland 2001).

Other authors have proposed maintaining sustainable
consumption. One potential measure for achieving consumption
sustainability is the implementation of a quota system based on
biological information on the species, such as density and
reproductive rates, to define a viable number of individuals that
could be harvested in the wild. This strategy has been successful
in the Amazon for other animal groups (e.g., Arantes et al. 2006)
but requires in-depth studies on the reproduction of the target
species. Another well-established strategy is the use of zoning
areas, which are generally based on the source-sink ecological
concept (Wilkie and Carpenter 1999).
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In addition to the strategies noted above, the most widely fostered
conservation measure is to replace sources of protein and income
of rural and urban dwellers by raising and consuming domestic
animals (Wilkie and Carpenter 1999). In South American
rainforests, domestic animals are always exotic species, and the
establishment of livestock-rearing programs is generally
accompanied by various environmental impacts. Indeed, raising
livestock for consumption in Brazil and in some other parts of
the world is one of the most threatening activities to biodiversity
because of the massive conversion of forests into pasture (Nasi
et al. 2011).

Breeding wild animals in captivity is emerging as a more
sustainable animal-rearing alternative (Nogueira and Nogueira-
Filho 2011). When wild animals are bred, individuals would be
biologically adapted to the environmental conditions of the
breeding site. Furthermore, this measure maintains the local
cultural use of the target species. Laws in Brazil allow for the
commercial use of wild animals bred in captivity (Nogueira and
Nogueira-Filho 2011). In contrast, hunting wild animals is
prohibited, except in situations of extreme need (Law 5,197/67
and Law 9,605/98). However, these prohibitions do not inhibit
the consumption and trade of wildlife because surveillance is not
effective. The prohibition of hunting or its replacement by
domestic meat sources can promote the loss of culture, traditional
knowledge, and dietary diversity among rural populations,
especially regarding the food sovereignty of traditional
communities (Ibarra et al. 2011).

The social, environmental, and biological drivers of the hunting
and trade of the yellow-footed tortoise in the Brazilian Central
Amazon have been widely elucidated in this study, which has
allowed us to suggest appropriate conservation strategies.
Strategies aimed at sustainable tortoise harvesting, such as
implementing harvest quotas and regulating hunting during
reproductive seasons, are more appropriate in upland forest
communities that hunt for subsistence and are compatible with
the maintenance of the local culture. However, to effectively
implement this measure, additional biological information on the
reproduction habits of the species is necessary. In contrast, the
development of alternative sources of income could be useful for
the community users of whitewater flooded forests to decrease
their dependence on tortoise hunting. For the urban market, the
sustainable rate of yellow-footed tortoise trade must be estimated
based on further research on the reproduction habits and
resilience of the species, which would enable the market to offer
only species within a sufficient consumption rate tolerance, as
suggested by Nasi et al. (2011) for Central Africa. Although these
strategies are very compatible with local needs, Brazilian laws
must be changed to create hunting management rules for
consuming and selling species because both activities are currently
prohibited for Amazonian wildlife species.

CONCLUSION

Hunting yellow-footed tortoises plays an important role in the
livelihood and income of rural people in the Amazon. However,
hunting overexploitation threatens the nutritional quality of the
locals’ diet as well as their income security. To develop strategies
to resolve this situation, the social, biological, and environmental
drivers of tortoise hunting must be considered. Policies must
consider that different Amazonian environments provide distinct
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patterns of seasonal hunting and animal use, especially regarding
the decision to consume or trade tortoises. In addition, rules must
be consistent with the biological characteristics of the target
species that are preferred by hunters and consumers so that those
involved in this hunting system can more easily comply with
regulations. It is impossible to unlink rural community activities
and the urban market when implementing policies aimed at
resolving the worldwide bushmeat crisis. Thus, a combination of
mitigation measures that consider both population segments can
contribute to sustainable hunting maintenance in the Amazon in
amanner that is compatible with the conservation of biodiversity,
the permanence of local cultures, and food security assurance.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
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