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Article Impact Statement: In central Amazonia, wild meat is widely consumed by urban
residents; its trade generates as much as the mineral and timber industries.

Abstract

The switch from hunting wild meat for home consumption to supplying more lucrative city
markets in Amazonia can adversely affect some game species. Despite this, information on
the amounts of wild meat eaten in Amazonian cities is still limited. We estimated wild meat
consumption rates in 5 cities in the State of Amazonas in Brazil through 1,046 door-to-door
household interviews conducted from 2004 to 2012. With these data, we modeled the
relationship between wild meat use and a selection of socioeconomic indices. We then scaled
up our model to determine the amounts of wild meat likely to be consumed annually in the 62
urban centers in central Amazonia. A total of 80.3% of all interviewees reported consuming
wild meat during an average of 29.3 (CI 11.6) days per year. Most wild meat was reported as
bought in local markets (80.1%) or hunted by a family member (14.9%). Twenty-one taxa
were cited as consumed, mostly mammals (71.6%), followed by reptiles (23.2%) and then
birds (5.2%). The declared frequency of wild meat consumption was positively correlated
with the proportion of rural population as well as with the per-capita gross domestic product
of the municipality (administrative divisions) where the cities were seated. We estimated that
as much as 10,691 t of wild meat might be consumed annually in the 62 urban centers within
central Amazonia, the equivalent of 6.49 kg/person/year. In monetary terms, this amounts to
US$21.58 /person/year or US$35.1 million overall, the latter figure is comparable to mineral
and timber production in the region. Given this magnitude of wild meat trade in central

Amazonia, it is fundamental to integrate this activity into the formal economy and actively
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develop policies that allow the trade of more resilient taxa and restrict trade in species
sensitive to hunting.

Introduction

Wild meat contributes to the diet of millions of people worldwide, making up 20-
70% of all protein intake, particularly in isolated tropical forest regions, where domestic meat
is scarce (Fa et al. 2015). Increased urbanization within the tropics has resulted in a greater
demand for wild meat from cities and large towns; these population centers are supplied from
the rural areas where wildlife occur. Thus, many rural peoples have shifted from being
strictly traditional subsistence hunters to selling wild meat in cities (e.g. Dounias 2016).
Whilst the sale of wild meat provides an important income source for many, uncontrolled
trade to large urban markets is a conservation problem in many tropical countries (Nasi et al.
2011).

Until recently, the only published references to urban wild meat consumption in the
Amazon were from studies in 1 city, Iquitos, Peru (Bodmer & Lozano 2001). Based on this,
urban wild meat consumption in Amazonia was regarded for some time as negligible
(Rushton et al. 2005, Nasi et al. 2011). However, recent studies suggest there are significant
city markets in the region where a large number of wild animals are sold for human
consumption. For example, well-established wild-meat markets exist in Abaetuba, Brazilian
Amazon (Baia-Junior et al. 2010), and in 2 prefrontier cities in southern Brazilian Amazonia,
where around 80% of interviewed households regularly consumed wild meat (Parry et al.
2014). About 473 t of wild meat were estimated as traded annually in cities in the Amazonian
trifrontier (Brazil, Colombia, and Peru) (van Vliet et al. 2014).

Because most of these studies are descriptive, restricted to relatively short sampling
periods, and on a local scale, there is still a need to determine the levels of wild meat use and

the volumes traded in Amazonian cities in much larger areas. Although factors affecting wild
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meat consumption and trade in African cities are relatively well known (Fa et al. 2009), these
are still largely undescribed for Amazonia. A few studies have been conducted on how the
economic and cultural background of consumers in Amazonian cities can affect how much
wild meat is eaten (Morsello et al. 2015; Chaves et al. 2017); however, studies that can
predict the volume of wild meat consumed in urban centers at a regional level are still absent.

We estimated wild meat consumption rates in 5 cities in the State of Amazonas in
Brazil. From these data, we developed statistical models to determine the relationship
between wild meat use and a number of socioeconomic indices obtained from government
sources and scaled up our model to estimate the amounts of wild meat likely to be consumed
annually in urban centers throughout central Amazonia, an area representing about one-third
of the entire Amazon biome. We also calculated the monetary value of the wild meat trade in
this region. The results of our study can be useful to understand the extent of urban demand
for wild meat in the Amazon as a whole and generate insights that may inform conservation
efforts and policies to ensure the sustainable use of wildlife.

Methods
Study sites

This study was conducted in Amazonas state, the largest state by area in Brazil
(1,571,000 km?). The state is almost entirely covered by moist broadleaf forest and
encompasses about 29% of the Amazon Basin.

Brazilian states are divided into administrative municipalities that contain natural
areas and urban and rural human settlements. Each municipality has a city that is the seat of
the area’s administration; these seat cities are not specified in law according to a minimum
population size, area, or facilities. Amazonas state contains 62 municipalities with around 3.4

million inhabitants, of which around 2.7 million (79.4%) live in cities (IBGE 2018).
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Because most cities in the state are far apart, accessible after long hours of travel by
boat or plane, we chose those closest to our main research base in Tefé. Among these more
accessible cities, we selected those within municipalities that would be representative of the
range of socioeconomic variables we wanted to consider: rural and urban human population,
human development index (HDI), and gross domestic product (GDP) (Supporting
Information). We sampled households in the seat cities of 5 municipalities: Alvaraes (14,080
inhabitants) and Tefé (61,399 inhabitants), at the confluence of the Tefé¢ and Solimdes Rivers;
Coari (75,909 inhabitants), between the Urucu and Solimdes Rivers; Maraa (17,364
inhabitants) on the lower Japura River; and Fonte Boa (22,659 inhabitants) on the Solimdes
River (Table 1; Supporting Information). The economy of these municipalities is based
around small-scale industries and farming (IBGE 2018).

Data collection

Data on wild meat consumption and trade were obtained through household surveys
conducted from April 2004 to May 2012 (Table 1). Depending on the time available for
research in each city, we randomly selected at least 50% of neighborhoods within which we
had a minimum of 2 interviews per neighborhood (Table 1). We asked heads of households
(women and men) the following questions: is wild meat consumed in the house (yes or no
response), how often is wild meat consumed (number of days per week, month, or year),
which species are eaten, how is the consumed wild meat obtained (hunting, buying, or as a
gift), if purchased, where is it purchased, and what price is paid for each species and what is
the selling unit (e.g., kilograms, entire animal or half the animal specimen).

Although consumption and trade of wildlife is forbidden by law in Brazil (Law
5.197/1967) (Antunes et al. 2019), local wildlife management authorities tend to persecute
hunters and traders, not consumers. Therefore, consumers do not perceive they are acting

illegally and do not fear persecution. Given this, we did not use indirect questioning methods;
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rather, we applied direct questioning, as used in previous studies of wild meat consumption in
the region (e.g., Parry et al. 2014; van Vliet et al. 2015; Chaves et al. 2017). Participants were
made comfortable with our interview process by informing them of the study aims prior to
the interview. Respondents were free to participate in the study and were informed that we
would not disclose their identity. Of a total 1085 visited households, 96.4% (1,046
households) agreed to be interviewed, an indication that most people felt comfortable
participating (Table 1). We followed the Guidelines for Applying Free, Prior and Informed
Consent in Buppert and McKeehan (2013).

Data analyses

The overall amount of wild meat consumed (B) in each city was estimated using the

following formula:

B=F*PX*D, , (1
where F, is the mean frequency of consumption reported by the interviewees expressed as the
number of days wild meat was consumed per person per year and P, the total potential
consumers in the city based on the percentage of informants declaring that they consumed
wild meat in our survey multiplied by the number of urban inhabitants. Because actual daily
amounts of wild meat consumed by Amazonian urban dwellers is not currently available, we
used 0.18 kg/person/day (CI 0.07) (obtained from a study of 13 indigenous communities
[Ojasti 1996]) as an average amount of wild meat consumed per person per day (D.).

For each city, we estimated the amount of meat consumed of each taxon from the
percentage of times the taxon was mentioned (hereafter referred to as citations) and the
overall amount of wild meat consumed (B). We estimated the number of individuals
consumed per taxon per year by dividing the estimated biomass consumed of each taxon by

the body mass of eviscerated specimens of the species (Garcia et al. 2004).
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All taxa were classified according to the International Union for Conservation of
Nature (IUCN) Red List threat categories (vulnerable, endangered, critically endangered)
(IUCN 2018). If the local names provided by informants did not allow an unequivocal
classification to species, we used genus or family.

We calculated the average selling price for each taxon by adjusting for the inflation
rate for the different years during which each city was sampled based on the General Price
Index for Brazil estimated by the Getulio Vargas Foundation. We used the exchange rate for
1 June 2018 to convert Brazilian reais (R$) into U.S. dollars (R$3.85 = US$1.00). Hereafter
all monetary units are U.S. dollars.

We built generalized additive models for location, scale, and shape (GAMLSS) to
assess drivers of the 3 response variables: frequency of consumption (reported number of
days of wild meat consumption per year), taxa citations, and price per kilogram. As predictor
variables, we used socioeconomic indices compiled by the Brazilian Government for each
municipality (IBGE 2018): total population (number of inhabitants), percent rural population
(rural population/total population), HDI, and the per capita GDP in dollars per individual.
Data from 2010 was used as reference for the first 3 variables because no information was
available for the specific years when our interview data were collected. Per capita GDP
values were available for each sampling year. We considered the gross body mass
(noneviscerated weight in kilograms) and habitat type (terrestrial, arboreal, and aquatic) for
each taxon as biological drivers for the models in relation to the taxa citations and price per
kilogram. We also included taxa as a random factor due to differences in the number of
citations among cities and the price per kilogram as a predictor variable for the taxa citations.
Gross body mass of all mentioned species was obtained from Garcia et al. (2004) and
Robinson and Redford (1986). To avoid overestimating the number of people consuming

wild meat due to low sample sizes in some cities, we calculated the potential number of
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consumers (P,.) by using the same variables of the municipalities as predictors in multiple
logistic regressions (Supporting Information).

To build the models, we tested combinations of predictor variables in linear and
nonlinear forms with different distribution families. We checked for collinearity among
variables. Because the percentage of rural population was negatively correlated with the total
population (+*=0.99) and HDI (+’=0.94), these variables were never included in the same
models and were tested separately. Final models were selected based on the Akaike
information criteria (AIC); all models with good support were those with AAIC values <2 in
relation to the model with the smallest AIC. In cases when >1 model was a best fit, we
selected the model with the smaller number of parameters.

Based on our best-fit models and variables, we used the function gamlss.predict to
predict the current frequency of wild meat consumption, the amount of consumed wild meat
(corrected by the percentage of consumers among urban dwellers), and the monetary value
generated by wild meat for the entire central Amazonia region, and calculated these
parameters for all 62 cities in the Amazonas state with the most updated values for the
predictor variables available from the government statistics (Supporting Information). We
used R version 3.3.3 (http://www.R-project.org/) and the gamlss R-package for generalized
linear and additive mixed models and predictions and GGally R-package for the collinearity
test. For the variables effects, we assumed significance when p <0.05.

Results

Sampled municipalities were representative of the 62 municipalities in the state of
Amazonas. Average per capita GDP ($2,835.34 [SD 2,540.01]) (and average percentage of
the rural population (36.06% [11.88]) in our 5 sampled municipalities were not statistically

different from the averages for the remaining 57 municipalities (average GDP $2,463.56
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[1396.36], t = 0.53, df = 60, p = 0.65; rural population $44.95 [14.30], t = 1.45, df =60, p =
0.15) (Supporting Information).
Consumption and procurement of wild meat

All interviewees in Maraa (20/20) and Fonte Boa (22/22), 90.8% (139/153) in
Alvaraes, 85.0% in Coari (51/60), and 76.9% (608/791) in Tefé declared consuming wild
meat; overall average was 80.3% (Table 2). Respondents declared consuming wild meat
during 29.3 (CI 11.6) days per year (Table 2). An average of 80.1% of interviewees reported
buying wild meat, and 14.9% of consumers reported hunting wildlife (Table 3). The
estimated mean annual wild meat biomass consumed per capita was 4.60 kg/person/y (SD
1.87), a total of 500,497.56 kg (CI 203 - 254.42).
Taxa consumed

Twenty-one taxa were mentioned as eaten by respondents. As many as 40% (6 of 15)
of the taxa identified to species are threatened with extinction (Supporting Information).
Among the 2,067 citations, mammals were the predominant group (n=1,480, 71.6%),
followed by reptiles (n=479, 23.2%) and birds (n=108, 5.2%). In terms of biomass, white-
lipped peccary (Tayassu pecari) (37,955.30 kg), tapir (Tapirus terrestris) (23,362.72 kg),
lowland paca (Cuniculus paca) (21,303.39 kg), and yellow-spotted river turtle (P. unifilis)
(10,840.29 kg) were the most representative, making up together 67% of the total (Fig. 1). A
total of 95,772 (CI 38,893) animals were estimated as consumed annually; 4 species, P.
sextuberculata, P. unifilis, agouti (Dasyprocta fuliginosa), and C. paca, represented 76.6% of
this total (Supporting Information).
Traded biomass

Of the total biomass estimated as consumed, 403,311 kg (80.6%) were estimated as
purchased in urban markets. People declared they usually bought wild meat in only 1 place

(n=605, 94.4%), although some informants declared buying in two (n=27, 4.2%) or 3
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different places (n=9, 1.4%). Informants reported that wild meat is mainly obtained at local
fairs (n=313, 46.1%), followed by hawkers (=208, 30.2%), private residences (n=69, 9.2%),
directly in rural communities (#=63, 9.3%), and from riverboats (n=33, 5.2%).

Information on prices was reported by informants for 17 taxa: mean price was
$3.82/kg (SD 1.60). The sale of these taxa was estimated to generate $1,522,412/year (CI
240,919). The commercialization of 4 taxa alone, 2 chelonians (P. unifilis and P.
sextuberculata) and 2 mammals (7. pecari and T. terrestris), were responsible for 68.9% of
this amount. Curassows (mean price $8.39/kg) and the 3 freshwater turtles (mean prices
$7.67/kg for P. unifilis, $6.49/kg for P. sextuberculata, $6.01/kg for P. expansa) were the
most expensive taxa (Supporting Information).

Drivers of and overall wild meat consumption in central Amazonia

The reported frequency of wild meat consumption per person increased significantly
relative to the percent rural population in the municipality (2.504e-02 [SE 5.597¢-03], =4.4,
p <0.001) (Fig. 2a) and as per capita GDP increased (1.393e-04 [1.573e-08], =8855.1,
p<0.001) (Fig. 2b). The gross body mass positively influenced the taxa citations (0.077 [SE
0.007], =10.0, p< 0.001) (Fig. 2c). Prices per kilogram presented a nonlinear relationship
with the taxa’s gross body mass (-0.001 [SE 0.0001], /~=-10.7, p< 0.001) (Fig. 2d) and
increased as the percentage of rural population in the municipality increased (0.005 [ 0.0005],
t=8.7, p<0.001) (Fig. 2e).

Using the models obtained from these relationships, we estimated that 10,691,103 kg
(CI'4,342,101) of wild meat was consumed annually in the 62 cities (2,755,756 urban
inhabitants) within central Amazonia (Supporting Information). This translates to a mean
annual per capita consumption of 6.49 kg/person/year (CI 2.64) and amounts to a total
monetary value of $35,112,904/year (CI 14,260,811) (average of $21.58 /person/year [CI

8.76]). The cities with the largest estimated amounts of wild meat consumed per year were

10
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along the western part of the state, and few were located in the central part of the Amazon
River basin. The cities with a greater estimated per capita wild meat consumption were
located along the northwestern portion of the state (Fig 3).

Discussion

A very large proportion of interviewees in our study reported eating wild meat,
corresponding to 1 day of wild meat eaten for every 12.47 days consuming domestic meat in
a year. These results correspond with Parry et al.’s (2014) study in the southern Brazilian
Amazon, which shows that as many as 80% of the inhabitants consumed wild meat at least
once per year.

Data on daily wild meat consumption in Amazonian urban centers are largely
unavailable. The average per capita wild meat consumption we used to estimate overall
consumption volumes is necessarily a working value only, but it is heuristically useful for
estimating the amount of meat consumed in wild meat-based meals and for extrapolating to
the entire study region. There is no doubt that more precise information on amounts
consumed per individual or household in urban centers is required, and we suggest this
should be a priority for future work.

We acknowledge that some respondents could have underreported how much wild
meat they consumed. Because we did not apply indirect questioning techniques to determine
the level of underreporting, our consumption estimates must be treated as a minimum. We
also believe underreporting rates were probably similar among cities because sampled cities
are culturally similar and under the same enforcement regimes.

Data collection for the different cities was spread out over 7 years, and data for some
socioeconomic indices were not available for the same years of data collection. This may
have affected our results because consumption rates and socioeconomic indices may have

varied over time. In addition, the most recent values of socioeconomic statistics were not

11
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obtained at the same time by the government (last available GDP values are from 2016,
whereas last census of population was conducted in 2010). However, temporal changes in the
2 variables (rural population, per capita GDP) we used varied differently. The GDP changed
substantially over the short-term (i.e., some studied municipalities’ GDPs more than doubled
from 2010 to 2016), whereas the proportion of rural population changed by only -1.0% on
average from 2000 to 2010 (IBGE 2001). Despite these shortcomings, our estimation of 3.49
kg/person/year for Tabatinga, a city in the Brazil-Colombia-Peru frontier, was very similar to
the 3.40 kg/person/year van Vliet et al. (2015) derived from direct observations at for the
same site. In addition, our predicted per capita frequency of wild meat consumption for
Tapaua (39.1 days/year) was also comparable to estimates of Chaves et al. (2017) (38.4
days/year) in the same city. We argue that, despite the limitation posed by the lack of some
governmental statistics, these observations support the robustness of our model (Supporting
Information).

Our results clearly showed that urban wild-meat markets are well established in
Amazonas state. In all surveyed cities, most interviewed urban dwellers reported buying wild
meat, and most of them declared purchasing meat from the same salesmen, vendors in local
fairs and hawkers, an indication of constancy in supply. Parry et al. (2014) show that the
poorest urban households hunt to obtain wild meat, whereas wealthier residents buy wild
meat. This is because hunting is the cheaper option for poorer people in cities, but also
because the lack of formal employment, which is more common among this group, allows
them to spend more time in this activity. Although we have not systematically collected data
on this, some informants who declared hunting wild meat for consumption in our study
informally declared selling part of their quarry. In the Amazonian trifrontier between Brazil,
Colombia, and Peru, hunters profit from the sale of up to 96% of their game to closed

markets, whereas fewer hunters hunt to eat and occasionally sell a proportion of the meat to

12
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supplement household income (van Vliet et al. 2015). The low number of urban people
declaring hunting wild meat shows that rural hunters supply city markets. Hunters from rural
areas in Amazonia are mainly subsistence hunters, but may sell part of their hunting yields,
likely to obtain money to buy urban goods, such as clothes and foods (Antunes et al. 2019).
For instance, in the Peruvian Amazon, Bodmer and Lozano (2001) found that rural hunters
sell around 7% of mammals hunted, whereas Morcatty and Valsecchi (2015) found that
around 21% of yellow-footed tortoises (Chelonoidis denticulatus) harvested by rural hunters
in Amazonia were traded in urban wild-meat markets.

The main groups (mammals and chelonians) and species cited as consumed and traded
in our study cities were similar to those traded in other Amazonian localities (Bodmer &
Lozano 2001; van Vliet et al. 2014). These species are commonly hunted for subsistence and
trade by rural populations throughout Amazonia (e.g., Peres 2000, Lopes et al. 2012) and in
other Neotropical regions (El Bizri et al. 2015). In particular, tapir and white-lipped peccary
were among the top 3 species cited in our surveys. Both species are listed as vulnerable,
following IUCN Red List criteria, and hunting is one of the main threats. Both species are
declining in central Amazonia (Parry & Peres 2015). Other highly cited species, such as
lowland paca, are also affected by hunting in Amazonia (e.g. Valsecchi et al. 2014, El Bizri et
al. 2018), but are listed as least concern by [UCN.

In central Amazonia, governmental statistics for each municipality are useful to
predict wild meat consumption at large scales. We found that the proportion of rural
inhabitants within a municipality was correlated with the proportion of inhabitants that
declared consuming wild meat in cities, the reported frequency of consumption, and the
prices per kilogram in the market. This pattern may be a result of the economic connectivity
between urban and rural sectors in these municipalities. Thus, in municipalities where the

rural population is larger, urban people are able to buy wild meat more frequently from rural
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people who hunt. Because these small cities are often isolated and only accessible by boat,
domestic and processed products become more expensive due to higher transportation costs.
As a consequence, wild meat prices are higher in small cities, where rural inhabitants
outnumber urban ones, because trading in wild meat is one of the most prevalent and cost-
effective activities in localities where the sale of agricultural commodities do not have a large
local market and are uncompetitive due to the high costs and long transportation times
(Wilkie et al. 2016). Moreover, we argue that the price of the wild meat may also be anchored
to the price of domestic meat or other important products for local inhabitants, such as oil.

The relationship between price and species’ body mass reflects the fact that smaller
species, although more abundant and easier to capture, are sold at a higher price because they
yield less meat. Conversely, large-bodied species, although more profitable in terms of meat
obtained, are less abundant and therefore more difficult to capture. This explains the U-
shaped curve in this relationship and shows that hunters meeting urban demand do not kill
prey randomly, but consider prey profitability when choosing which prey to kill and how to
price it (Rowcliffe et al. 2004). Our results also indicated that larger species are generally
more consumed than smaller species, and this relationship may be caused partially by price
differences. However, considering that fewer game taxa were cited as consumed than in rural
areas in Amazonia (e.g. 30 species [Vieira et al. 2015], 27 species [Kirkland et al .2018]), the
range of species reaching urban markets may be limited by consumer taste and taboos.

Studies reporting the contribution of wild meat to local economies indicate a large
informal sector, often as large as formal sectors, such as timber harvesting or agriculture
(Lescuyer & Nasi 2016). Because wild meat trade in Brazil is prohibited, the harvest and
selling of this product is excluded from official statistics. Nevertheless, the wild meat market
was predicted to generate a great deal of money in central Amazonia ($35.0 million).

Compared with other products, it is similar to mineral ($27.3 million) production and only
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slightly lower than fish ($40.1 million) and timber production ($39.9 million) in the
Amazonas state (SEPLANCTI/DEPI 2018). However, considering that a large proportion of
these economic activities, including the wild meat trade, are carried out illegally, these
numbers must be considered an underestimate. Most municipalities in the Amazonas state
have >40% of their populations living on less than half minimum wage (IBGE 2018); thus,
wild meat represents an important product for the income of several rural and urban families
in the region. Hunters are not the only ones who generate income from wild meat; rather,
several different actors involved in the commodity chain generate income for themselves. In
Peru commercial hunters can supply wild meat directly to wholesalers, restaurants, or market
traders, who in turn supply meat to the customers; price of the meat increases at each step
(Fang et al. 2008). The same has been observed for the trade of tortoise meat in 4 cities in
Amazonia, where intermediaries between hunters and urban vendors benefit significantly and
obtain high profits (Morcatty et al. 2015). This highlights the necessity of finding solutions to
regulate this sector in Amazonia and to reduce the impacts of wild meat trade in urban centers
on Amazonian wildlife.

Our maps provide the first large-scale estimation of the amount of urban wild meat
consumption for the Amazon, from which one may determine hotspots of wildlife extraction
and where implementation of conservation strategies are more urgent. The high consumption
rates of wild meat predicted for large cities, such as Coari and the capital Manaus, where
there is an offer of domestic meat, signal that wild meat consumption is not strictly related to
dietary necessity or poverty, but possibly a maintenance of the rural heritage and the thrill of
local dwellers for diversifying their diet (Wilkie et al 2016). Many cities in the western
Amazon, which are more accessible due to their location downstream on Amazon River,
were predicted to have both per capita and total wild meat consumption at relevant levels,

likely because of the combination of high GDP and surrounding rural populations. Therefore,
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the replacement of the wild meat by domestic meat at a more accessible price, which is a very
common suggested strategy to reduce wild meat demand in cities (Rushton et al. 2005), may
not be sufficient to solve the problem. In addition, law enforcement and surveillance actions
face several barriers in the Amazon, especially due to the large extent of the territory and
difficult access. Accordingly, the current prohibition on wildlife commerce in most areas of
the Amazon has been driving a hidden market that hampers control. Furthermore, captive
breeding of wild species, although suggested as an alternative to keep wild meat consumption
at sustainable levels (Nogueira-Filho et al. 2011), may not produce enough individuals to
supply the demand at an affordable price (Wilkie 2016).

Given the magnitude of the trade of wild meat we found, we suggest the regulation of
this unconstrained activity is a fundamental and urgent matter to resolve. Plans that support
the sustainable management of wild meat in the surrounding forests should bring regulated
wild meat trade into the formal economy and promote the improvement of rural livelihoods.
Wildlife trade regulations could include policies designed to allow the trade of more resilient
species and to protect or restrict the trade of those more sensitive to hunting. Some of these
more resilient species are already among the most consumed taxa in the region, so acceptance
of this policy is most likely. This strategy would generate income for those involved in the
market chain and adequately control (unclear how restrictions provide monitoring) harvests
of wildlife species while guaranteeing conservation of threatened species.

Acknowledgments

This work was supported by the grant agreement for Instituto de Desenvolvimento
Sustentavel Mamiraud of the Gordon and Betty Moore Foundation (number 5344) and the
National Council for Scientific and Technological Development (CNPq) (grant numbers
300005/2013-0, 452908/2016-7, 201475/2017-0). We thank K. Henle, M. Auliya, and C.

Ferreira, from the Helmholtz Centre for Environmental Research (UFZ), for their useful

16

This article is protected by copyright. All rights reserved.



Accepted Article

comments on the manuscript. H.R.E.B. thanks the German Federal Ministry of Education and

Research (BMBF) for his Green Talents Award, which supported this work. T.Q.M. is

supported by the WCS Graduate Scholarship Program, a program of the Wildlife

Conservation Society and the Christensen Conservation Leaders Scholarship, and by the

Wildlife Conservation Network Scholarship Program through the Sidney Byers Scholarship

award.

Literature Cited

Antunes AP. et al. 2019. A conspiracy of silence: subsistence hunting rights in the Brazilian
Amazon. Land Use Policy 84: 1-11.

Baia-Junior PC, Guimaraes DA, Le Pendu Y. 2010. Non-legalized commerce in game meat
in the Brazilian Amazon: a case study. Revista de Biologia Tropical 58: 1079-1088.

Bodmer RE, Lozano EP. 2001. Rural development and sustainable wildlife use in
Peru. Conservation Biology, 15: 1163-1170.

Chaves WA., Wilkie DS, Monroe MC, Sieving KE. 2017. Market access and wild meat
consumption in the central Amazon, Brazil. Biological Conservation, 212: 240-248.

Cowlishaw G, Mendelson S, Rowcliffe JM. 2005. Structure and operation of a bushmeat
commodity chain in southwestern Ghana. Conservation Biology 19: 139-149.

Merode E, Homewood K, Cowlishaw G. 2004. The value of bushmeat and other wild foods
to rural households living in extreme poverty in Democratic Republic of Congo.
Biological Conservation 118: 573-581.

Dounias E. 2016. From subsistence to commercial hunting: technical shift in cynegetic
practices among southern Cameroon forest dwellers during the 20th Century.

Ecology and Society 21(1):23.

17

This article is protected by copyright. All rights reserved.



Accepted Article

El Bizri HR, Morcatty TQ, Lima JJ, Valsecchi J. 2015. The thrill of the chase: uncovering
illegal sport hunting in Brazil through YouTube™ posts. Ecology and Society 20:
30.

El Bizri, HR, Fa JE, Bowler M, Valsecchi J, Bodmer R, Mayor P. 2018. Breeding seasonality
in the lowland paca (Cuniculus paca) in Amazonia: interactions with rainfall,
fruiting, and sustainable hunting. Journal of Mammalogy 99: 1101-1111.

Fa JE, Albrechtsen L, Johnson PJ, Macdonald DW. 2009. Linkages between household
wealth, bushmeat and other animal protein consumption are not invariant: evidence
from Rio Muni, Equatorial Guinea. Animal Conservation 12: 599-610.

Fa JE, Olivero J, Real R, Farfan MA, Marquez AL, Vargas JM, Ziegler S, Wegmann M,
Brown D, Margetts B, Nasi R. 2015. Disentangling the relative effects of bushmeat
availability on human nutrition in central Africa. Scientific Reports 5: 8168.

Fang T, Bodmer R, Puertas P, Mayor P, Perez P, Acero R, Hayman D. 2008. Certificacion de
pieles de pecaries (Tayassu tajacu 'y T. pecari) en la Amazonia peruana: una
estrategia para la conservacion y manejo de fauna Silvestre en la Amazonia
peruana. Wust Editions-Darwin Institute, Lima, Peru.

Garcia JB, Acosta NB, Olivares LV. 2004. Técnicas de preservacion y factor de conversion
de fauna silvestre en la region Loreto, Peru. Pages 427- 433 in Memorias del VI
congreso internacional sobre el manejo de fauna silvestre en la Amazonia y
Latinoamérica.

Instituto Brasileiro de Geografia e Estatistica (IBGE). 2001. Sinopse preliminar do Censo
Demografico: 2000. IBGE, Rio de Janeiro.

Instituto Brasileiro de Geografia e Estatistica (IBGE). 2018. Cidades. IBGE, Rio de Janeiro.

Available online from https://cidades.ibge.gov.br/ (accessed June 2018).

18

This article is protected by copyright. All rights reserved.



Accepted Article

Kirkland M, Eisenberg C, Bicerra A, Bodmer RE, Mayor P, Axmacher JC. 2018. Sustainable
wildlife extraction and the impacts of socio-economic change among the Kukama-
Kukamilla people of the Pacaya-Samiria National Reserve, Peru. Oryx DOI:
10.1017/S0030605317001922.

Kiimpel N, Milner-Gulland E, Cowlishaw G, Rowcliffe J. 2010. Incentives for hunting: The
role of bushmeat in the household economy in rural Equatorial Guinea. Human
Ecology 38: 251-264.

Lescuyer G, Nasi R. 2016. Financial and economic values of bushmeat in rural and urban
livelihoods in Cameroon: Inputs to the development of public policy. International
Forestry Review 18: 93-107.

Lopes GP, Valsecchi J, Vieira TM, Costa EWM. 2012. Hunting and hunters in lowland
communities in the region of the middle Solimdes, Amazonas, Brazil. Uakari 8: 7-
18.

Morcatty TQ, Valsecchi J. 2015. Social, biological, and environmental drivers of the hunting
and trade of the endangered yellow-footed tortoise in the Amazon. Ecology and
Society 20(3): 3.

Morsello C, Yagiie B, Beltreschi L, van Vliet N, Adams C, Schor T, Quiceno-Mesa MP, Cruz
D. 2015. Cultural attitudes are stronger predictors of bushmeat consumption and
preference than economic factors among urban Amazonians from Brazil and
Colombia. Ecology and Society 20(4):21.

Nasi R, Taber A, van Vliet N. 2011. Empty forests, empty stomachs? Bushmeat and
livelihoods in the Congo and Amazon Basins. International Forestry Review 13:

355-368.

19

This article is protected by copyright. All rights reserved.



Accepted Article

Nogueira SSC, Nogueira-Filho SLG. 2011. Wildlife farming: an alternative to unsustainable
hunting and deforestation in Neotropical forests? Biodiversity and Conservation
20:1385-1397.

Ojasti J. 1996. Wildlife Utilization in Latin America: current situation and prospects for
sustainable management. FAO conservation guide 25. Food and Agriculture
Organisation, Rome.

Parry L, Peres CA. 2015. Evaluating the use of local ecological knowledge to monitor hunted
tropical-forest wildlife over large spatial scales. Ecology and Society 20(3): 15.

Parry L, Barlow J, Pereira H. 2014. Wildlife harvest and consumption in Amazonia’s
urbanized wilderness. Conservation Letters 7: 565-574.

Peres CA. 2000. Effects of subsistence hunting on vertebrate community structure in
Amazonian forests. Conservation Biology 14(1): 240-253.

Robinson JG, Redford KH.1986. Body size, diet, and population density of Neotropical forest
mammals. The American Naturalist 128: 665-680.

Rowcliffe JM, de Merode E, Cowlishaw G. 2004. Do wildlife laws work? Species protection
and the application of a prey choice model to poaching decisions. Proceedings of the
Royal Society of London B: Biological Sciences 271: 2631-2636.

Rushton J, Viscarra R, Viscarra C, Basset F, Baptista R, Brown D. 2005. How important is
bushmeat consumption in South America: now and in the future. ODI wildlife policy
briefing 11. Overseas Development Istitute, London..

SEPLANCTI/DEPI 2018. Anuario Estatistico do Amazonas 2018. Departamento Estadual de
Estatistica, Manaus, Brazil.

Valsecchi J, El Bizri HR, Figueira JEC. 2014. Subsistence hunting of Cuniculus paca in the
middle of the Solimdes River, Amazonas, Brazil. Brazilian Journal of Biology 74:

560-568.

20

This article is protected by copyright. All rights reserved.



Accepted Article

Average percentage of citations

van Vliet N, Cruz D, Quiceno-Mesa M, Neves de Aquino L, Moreno J, Rairon R, Fa J. 2015.
Ride, shoot, and call: wildlife use among contemporary urban hunters in Trés
Fronteiras, Brazilian Amazon. Ecology and Society 20(3): 8.

van Vliet N, Mesa MPQ, Cruz-Antia D, de Aquino LIN, Moreno J, Nasi R. 2014. The
uncovered volumes of bushmeat commercialized in the Amazonian trifrontier
between Colombia, Peru & Brazil. Ethnobiology and Conservation 3: 7.

Vieira M, von Muhlen EM, Shepard Jr GH. 2015. Participatory monitoring and management
of subsistence hunting in the Piagagu-Purus reserve, Brazil. Conservation and
Society 13: 254-264.

Wilkie DS, Wieland M, Boulet H, Le Bel S, van Vliet N, Cornelis D, BriacWarnon V, Nasi
R, Fa JE. 2016. Eating and conserving bushmeat in Africa. African Journal of
Ecology 54: 402-414.

Figure 1. Average percentage of citations (bars) and overall wild meat biomass estimated as

consumed (line) per taxon in 5 cities in central Amazonia. Scientific names are in Supporting

Information.
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Figure 2. Relationships between (a) percentage of rural population and (b) per capita gross
domestic product of the municipalities with the declared frequency of consumption of wild
meat; between (c) gross body mass with the percentage of citations of each taxon; and
between (d) gross body mass and (e) percentage of rural population of the municipalities with
the price of each taxon in 5 cities of central Amazonia. Only taxa cited in at least 3 cities
were considered for the model (c) (gray shading, 95% CI; y-axis values are partial residuals
for each variable retained in the models). Model details, such as families of distribution, link

functions, and p values, are in Supporting Information.

F

-
- s =

Citations

Frequency of consumption (days/year)

Frequency of consumption (days/year)
=
1
. . wee
- e slae .

T T T T T T T T T T T T
20 25 30 35 40 45 50 2000 4000 E000 8000 10000 0 20 40 B0 B0 100 120 140
Rural population (%) Per capita Gross Domestic Product (USD) Gross body mass (kg)

0.4

o

P
|
-

. Price (USD/kg)
o
L=
1
. . mess
.
. - ———
- sm— - - -

=1
ha
I
w—
—
-

Price (USD/kg)

T T 04 T T T T T
o 100 200 300 400 20 25 30 35 40 45 50
Gross body mass (kg) Rural population (%)

22

This article is protected by copyright. All rights reserved.



Figure 3. Two maps portraying the predicted per-capita wild meat consumption (top) and
annual amount of wild meat consumption (bottom) in the cities of 62 municipalities in central
Amazonia. The municipalities surveyed for modeling were Alvaraes (24), Coari (29), Fonte
Boa (19), Maraa (21), and Tefé (26). Names and details of the other municipalities are

available in Supporting Information.
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Table 1. Details on cities in Amazonas where surveys on wild meat consumption were
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@ conducted.
T
Total
O No. of
inhabita | Populati | Tempor
¢ M Number |Househo |neighborho
H nts, on al range
Coordina | Area of urban |1ds ods
H City urban density |of
tes (km?) househo |interview | (no.
inhabita | (ind/km?|intervie
1ds ed (%) |interviewed
nts )* WS
)
(%0)*
@ 03°13'
14,080, Jul -
@ Alvara | 15" S, 153
5,923.46 | 7,878 2.38 Aug 1,362 5(5)
) s 6448 (11.2)
(55.95) 2007
Q 15" W
04° 05' Oct
® 75,909,
06" S, 57,970.7 2011 -
< ’ Coari 49,638 |1.31 10.380 |60 (0.6) |15(8)
63°08" |7 May
(65.4)
O 29" W 2012
02° 30’
22,659
Fonte |50"S, 12,155.4 Nov
(15,039; | 1.86 2,791 20(0.7) |10 (6)
Boa |66°05' |3 2011
66.37)
30" W
01°s51 16,830.8 | 17,364 Oct
Maraa 1.03 1,393 22 (1.6) |8(8)
22" S, 3 (8,759; 2011
24




65° 34" 50.44)
52" W
Apr —
Nov
03°21'
61,399 2004
15" S, 23,692.2
Tefé (50,072; |2.59 Aug 10,014 | 791 (7.9) |20 (17)
64° 42’ 2
81.55) 2005 —
41" W
Mar
2006
116,572.
Total |- 191,411 |- - 25,940 |1,046 58 (44)
71

*Based on the last survey carried out in 2010 by the Brazilian government (IBGE 2018).

Table 2. Details on the estimated consumption of wild meat in 5 cities in central Amazonia.

Accepted Article

No. that Per capita
consumed wild Average urban wild
No. of .
Cit meat (%) frequency of Overall wild meat meat
1y potential on. k B
consumption, consumption, kg year consumption,
consumers
d ! k !
. ays person (CI range)’ g person
yes 1o year” (CI) year” (CI
range)
139 14 7,258.81 41,887 (24,876 - 5.32(3.16 -
Alvaraes 32.83 (11.07)
(90.8) [(8.2) |(92.1) 58,897) 7.48)
25
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51 9 43,715.73 225,546 (133,951 - |4.54(2.70 -
Coari 29.33 (5.70)

(85.0) |(15.0)|(88.1) 317,141) 6.39)
Fonte |20 13,167.44 57,383 (34,079 - 3.82(2.27 -

0 (0) 24.77 (12.58)

Boa (100.0) (87.6) 80,686) 5.37)

22 8,223.41 61,713 (36,651 - 7.05 (4.18 -
Marai 0 (0) 42.67 (26.04)

(100.0) (93.9) 86,775) 9.91)

608 183 |38,545.36 113,969 (67,686 - 2.28 (1.35 -
Tefé 16.81 (2.51)

(76.9) |(23.1)|(77.0) 160,252) 3.20)

840  |206 500,498 (297,243 - | 4.60 (2.73 -
Total 110,910.75 | 29.28 (11.58)

(80.3) [(19.7) 703,752) 6.47)

* Calculated with logistic regressions to obtain the likely percentage of people consuming

wild meat within the entire population of each city (see Supporting Information).

® Calculated by summing average wild meat amount.
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Table 3. Declared means by which urban consumers obtained wild meat in 5 cities in central

Amazonia.
No.
City No. buying |No. hunting | No. buying or hunting |receiving | Total
(%) (%) (o) gifts (%)
Alvardes 100 (75.8) |18 (13.6) 14 (10.6) 0(0.0) [132
Coari 42 (82.4) 4 (7.8) 359 239 |51
Fonte Boa 16 (80.0) 4 (20.0) 0 (0.0) 0(0.0) (20
Marad 19 (86.4) 29.1) 1(4.5) 0(0.0) |22
Tefé 463 (75.9) |146(23.9) [0(0.0) 1(0.2) |610
Total (average %) |640(80.1) [174(14.9) |18 (4.2) 3(0.8) |[834
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