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Abstract

Conservation policy in the Amazon traditionally focuses on rural areas, overlooking the
socioecological roles of urban populations. This oversight can hinder sustainability by
neglecting rural–urban connections. We compared the prevalence and quantity of wild
meat consumed, bartered, and traded commercially in rural, peri-urban, and urban areas
of the Brazilian Amazon to inform policies aimed at including local people in conserva-
tion. We also examined social factors influencing wildlife access. These factors included
household management (single vs. dual adult households), household dependency (ratio
of minors to working adults), residence status (single-sited vs. multisited households), fre-
quency of rural area visits by urban residents, and market access by peri-urban and rural
residents. We surveyed 782 households in Manaus and Carauari (Manaus: 299 urban, 90
peri-urban, 120 rural; Carauari: 159 urban, 41 peri-urban, 73 rural) about social factors
related to wildlife used that are linked to urbanization. Results revealed widespread wildlife
use across urbanization categories. The percentage of urban households that consumed
(Manaus 22%, Carauari 57%), bartered (Manaus 17%, Carauari 30%), and traded (Man-
aus 21%, Carauari 7%) wildlife was substantial. Market access was higher in Manaus than
in Carauari. Commercial trade in chelonians and barter of mammals and birds increased
as access to markets increased. Commercial wildlife trade was present in urban house-
holds (Carauari 21% [95% CI 7–34], Manaus 16% [95% CI 6–26]) but higher in peri-urban
Manaus (chelonian trade 44% [95% CI 22–62]). Given these high prevalence levels, espe-
cially near expanding urban areas, such as Manaus, wildlife barter and commercial trade
likely contribute to unsustainable harvesting pressures, affecting people’s sovereignty. Our
research underscores the need for inclusive policies that regulate subsistence hunting to
uphold rural rights; integration of fish and wildlife management in community-based
conservation frameworks to enhance food security and reduce wildlife dependence; and
inclusion of wildlife users in integrated development programs through community-based
conservation to curtail wildlife trade, ultimately creating sustainable and just pathways for
the urbanizing Amazonia.
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INTRODUCTION

Contemporary conservation efforts prioritize expanding local
initiatives to curb the effects of rapid human growth, dele-
terious industries, and large-scale degradation (IPBES, 2019).
In Amazonia, pathways to upscale conservation initiatives to
promote positive outcomes for biodiversity and human popu-
lations include being locally grounded, encompassing sectorial
diversity, and promoting interactions across landscapes (Lon-
dres et al., 2023). Thus, conservation strategies that include
interconnectedness between rural and urban areas are crucial to
addressing global environmental change (Elmqvist et al., 2021).

Urbanization in the Brazilian Amazon is characterized by
the interconnectedness of rural and urban systems, but unfor-
tunately, integrated environmental policies are lacking (Pinho
et al., 2014). Frequently, urban areas are referred to as
“urbanized forest” (Becker, 2005) or “rural cities” (Padoch
et al., 2008), emphasizing rural economies in urban centers.
Throughout Amazonia, rural-to-urban migration and peri-
urbanization—the absorption of rural areas into city regions
(Phadke, 2020)—have blurred the rural–urban divide. This
continual transition challenges biodiversity conservation. A
better grasp of how urbanization affects biodiversity use is
critical to addressing threats and delineating adequate poli-
cies.

Blurred rural–urban boundaries in Amazonia offer insight
into diverse wildlife uses. Urban hunters illustrate this diver-
sity in their strategies, such as adapting transportation systems
to access peripheric hunting areas, changing communication to
circumvent enforcement (Van Vliet et al., 2015), and reusing
abandoned rural areas to hunt (Parry et al., 2009). Wild meat
consumption, though traditionally considered rural, occurs in
Amazonian cities and feeds clandestine economies (El Bizri
et al., 2020). Staggeringly, around 1.7 million turtles and tor-
toises were estimated to be consumed annually in urban areas
of Amazonas state alone (Chaves, et al., 2021), but most conser-
vation initiatives focus on rural consumers. This indicates that
although growing urban demand may affect rural sovereignty,
addressing wildlife-related issues across urbanization gradients
emerges as a pathway for collaborative policies (Ingram et al.,
2021). Wild meat reliance in rural Amazonian households is
among the highest in the Global South, both for consumption
and income (Nielsen et al., 2018). Yet, rural–urban migration
also facilitates urban access, linking gradient extremes. With
high internal migration, nearly two thirds of the Brazilian Ama-
zon’s population lived in urban areas in the 2010s (IBGE, 2022).
New rural–urban migrants tend to consume more wildlife (Tor-
res et al., 2022). People who use resources from and work in
both rural and urban areas further promote rural–urban flows
and demand for wild foods through their activities in both
settings (Padoch et al., 2008).

We surveyed adult wildlife users in rural, peri-urban, and
urban areas of Manaus and Carauari on the prevalence and
quantity of wild meat (meat from wild animals) they used to
examine social factors affecting wildlife access. We define access
to wildlife as people’s ability to obtain and benefit from using
meat from turtles, tortoises (hereafter chelonians), mammals,
and birds (Ribot & Peluso, 2003). We aimed to determine

how social factors affect rural, peri-urban, and urban use of
wild meat to inform inclusive, people-centered conservation.
We considered urbanization a multidimensional process char-
acterized by urban growth primarily driven by rural-to-urban
migration (Browder & Godfrey, 1997) and assessed it based on
categories (rural, peri-urban, urban) and municipality size (small
town, large city) (Figure 1). We also considered the effect of
residence status (defined in “METHODS”) on social factors
affecting wildlife use (Figure 1). We investigated the effect of
urbanization on social factors and examined how these factors
influence wildlife use across rural, peri-urban, and urban areas
(Figure 1).

METHODS

Study sites

We used a comparative design to assess how urbanization
affects the prevalence and quantity of meat from wild ani-
mals consumed, bartered, and commercially traded in rural,
peri-urban, and urban areas. We surveyed households on their
wildlife use in Manaus, the largest city in the Amazon basin, and
Carauari, a remote municipality in Amazonas state (Figure 2).
These sites were selected to represent extremes of urban-
ization levels in the Brazilian Amazon based on urban area
(Manaus 487 km2, Carauari 10 km2) and population size (Man-
aus 2,063,689 inhabitants, Carauari 28,742 inhabitants) (IBGE,
2022).

We defined the urban area as the urbanized portion within
municipal boundaries (IBGE, 2010), peri-urban area as the area
ranging from the border of the urban area up to 40 km out
(or 12 h by boat during the wet season), and rural area as any-
where beyond the peri-urban border (Hutchings et al., 2022).
We used these categories as proxies for a rural–urban gradient
(Appendix S4) but recognize this is a spatial simplification of the
complex nature of urbanization and peri-urbanization processes
(Gonçalves et al., 2017).

Household surveys

We conducted our surveys from May to August 2022. Our study
design was approved by the Institutional Review Board (pro-
tocol 1040) and by the Comitê de Ética em Pesquisa (CAAE
6.0000.8117). We also obtained consent from local organi-
zations and research participants prior to administering the
surveys.

People are likely to underreport wildlife use due to its ille-
gality in Brazil (Brasil, 1967, 1998). To obtain more honest
answers on wildlife use, we used a randomized response tech-
nique known as an unrelated question design (Blair et al., 2015).
This indirect technique anonymizes the responses of research
participants, decreasing bias in reported wild meat use (Chaves,
et al., 2021).

In each sampled household, we asked participants ques-
tions that could be related to either illegal (sensitive) or legally
obtained (nonsensitive) items. We used dominoes as randomiz-
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FIGURE 1 Conceptual framework of factors influencing access to wildlife and household wildlife use across rural, peri-urban, and urban areas in the Brazilian
Amazon. Residence status refers to whether people used natural resources and worked near the site of the residence (single-sited households) or used both urban
and non-urban areas (multisited households).

ers. One domino (out of 6) was chosen randomly from a cloth
bag by participants. Four dominoes had 2 dots. Participants
who drew 2 dots answered questions about sensitive items (wild
meat). Two dominoes had one dot. Participants who drew one
dot answered questions about nonsensitive items (legal food
items and merchandise). Participants answered general ques-
tions (e.g., “How many units of this item did you consume in the
dry/wet season?”) without explicitly naming the item, ensuring
the interviewer did not know the outcome of the randomiza-
tion (Appendix S1). Survey questions were tested before being
applied and are available in Appendix S2.

We assessed the following social factors potentially affected
by urbanization and that may influence wildlife use: whether the
household was managed by one adult or 2 adults and the level of
dependency in the household (i.e., number of people <18 years
old divided by the number of working people ≥18 years old).
We also assessed access to natural resources as the number of
visits to a rural area by any urban household member in the
wet season. Similarly, we assessed access to urban markets as
of visits by any peri-urban or rural household member to the
closest urban center in the wet season. We assessed household
residence status as multisited or single sited. Single-sited house-
holds used natural resources and worked near the site of the
residence. People from multisited households used both urban
and rural areas.

Sampling design

We conducted 782 household surveys, 509 in Manaus (120 rural,
90 peri-urban, 299 urban area) and 273 in Carauari (73 rural,
41 peri-urban, 159 urban area). We randomly selected house-

holds in each area (sampling design in Appendix S1). Adults
aged 18–85 years provided household information and chose
who answered the survey.

Data analyses

We used a negative binomial regression to assess the effect of
municipality, urbanization categories, and residence status on
the frequency of visits to the urban center by rural and peri-
urban households and of visits to rural and peri-urban areas by
urban households. We used the dplyr package (Wickham et al.,
2021) and fitted models with the glmmTMB package (Brooks
et al., 2017).

We used a logistic regression to assess the effect of urbaniza-
tion on the prevalence of single- or dual-adult households, using
the same set of predictors described above. We used a logistic
regression to assess the effect of municipality, urbanization cat-
egories, and residence status on the prevalence of dependents
over working-age adults.

We used customized Bayesian models to estimate the preva-
lence of consumption, barter, and commercial trade of wild
mammals, birds, and chelonians by household in Manaus and
Carauari for each urbanization category during the dry and
wet seasons. To do this, we used the JAGS modeling plat-
form (Plummer, 2003) with 25,000 samples from the posterior
distribution. We discarded the first 50,000 iterations from the
burn-in period. We focused on wildlife use (binary variable) and
assumed a Bernoulli distribution (Chaves, et al., 2021). We also
estimated the quantity used (kilograms or units used per month)
by households with ordered logistic regression (statistical model
in Appendix S1).
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FIGURE 2 Sites and the urbanization gradient in Manaus and Carauari where people were surveyed relative to (a) studied municipalities, Amazonas state, and
South American countries; (b) municipalities and areas sampled in Amazonas state; (c) surveyed rural, peri-urban, and urban areas in Carauari; (d) surveyed rural,
peri-urban, and urban areas in Manaus; (e) urban districts and random survey locations in Carauari; and (f) urban districts and random survey locations in Manaus.

We used ordered logistic regression models to look at addi-
tional factors associated with the consumption, barter, and
commercial trade of wild meat (see Appendix S1 and Table 1 for
details). Our first model included spatial factors, and the second
model included social factors associated with wildlife use. We
ran separate models for rural access and market access because
each included a different set of households. Season (dry and
wet) was included in all models. All analyses were conducted
in RStudio (R Core Team, 2020).

RESULTS

Prevalence of wildlife use

For clarity, we present results for the dry season, when wildlife
use was higher (Figure 3) (see Appendix S6 for the wet
season). Wildlife consumption, barter, and commercial trade
occurred across the urbanization categories (Figure 3). Wildlife
use was higher for rural than urban households. Percentage of

urban households that consumed (Manaus 22%, Carauari 57%),
bartered (17% in Manaus, 30% in Carauari), and traded (Man-
aus 21%, Carauari 7%) meat from mammals and birds and
that consumed (Manaus 28%, Carauari 61%), bartered (Manaus
14%, Carauari 20%), and traded (Manaus 16%, Carauari 21%)
chelonians was not negligible. The percentage of peri-urban
households using wildlife did not differ from rural households.
However, chelonians were bartered (79%, 95% confidence
interval [CI] 57–95) and traded (44%, 95% CI 26–62) by a
greater percentage of peri-urban than urban households (barter
in urban Carauari 20%, 95% CI 8–34; trade in urban Man-
aus 16%, 95% CI 6–26). In Carauari, a greater percentage of
rural households traded mammal and bird meat (46%, 95%
CI 26–65) than urban households (7%, 95% CI 0.4–19). The
percentage of households that consumed wildlife was higher
in Carauari than in Manaus (Figure 3). The percentage of
peri-urban households that bartered chelonians was greater in
Carauari (79%, 95% CI 57–95) than in Manaus (13%, 95% CI
1–30). The percentage of households that traded wild meat did
not differ among the municipalities sampled.
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TABLE 1 Models and variables used to assess the effects of urbanization and social factors on wildlife use across rural, peri-urban, and urban areas in the
Brazilian Amazon.

Model Type of analysis Response variable Predictor variable

Spatial factors associated with access to
urban markets by rural and peri-urban
households

Negative binomial
regression

Number of visits to the
urban center

Municipality (Manaus = 1, Carauari = 0)
Residence status (multisited = 1, single-sited = 0)
Urbanization gradient (peri-urban = 1, urban = 0)

Spatial factors associated with access to
rural resources by urban households

Negative binomial
regression

Number of visits to the rural
area

Municipality (Manaus = 1, Carauari = 0)
Residence status (multisited = 1, single-sited = 0)

Spatial factors associated with social
factors

Logistic regression Prevalence of dual-adult
households

Municipality (Manaus = 1, Carauari = 0)
Residence status (multisited = 1, single-sited = 0)
Urbanization gradient (peri-urban = 1, urban = 0
and rural = 1, urban = 0)

Logistic regression Prevalence of dependents
(<18 years old) over
working-age adults
(≥18 years old)a

Municipality (Manaus = 1, Carauari = 0)
Residence status (multisited = 1, single-sited = 0)
Urbanization gradient (peri-urban = 1, urban = 0
and rural = 1, urban = 0)

Spatial factors associated with wildlife
consumption, barter or commercial trade

Ordinal logistic
regression

Kilograms of mammal and
bird meat used per month or
units of turtles and tortoises
used per month

Municipality (Manaus = 1, Carauari = 0)
Residence status (multisited = 1, single-sited = 0)
Urbanization gradient (peri-urban = 1, urban = 0
and rural = 1, urban = 0)
Season (dry season = 1, wet season = 0)

Visits to the rural area and wildlife
consumption, barter or commercial trade

Rural access (number of visits to the rural or
peri-urban areas in the last season)
Season (dry season = 1, wet season = 0)

Visits to the urban area and wildlife
consumption, barter or commercial trade

Rural access (number of visits to the urban area in
the last season)
Season (dry season = 1, wet season = 0)

Social factors associated with wildlife
consumption, barter or commercial trade

Household status (dual-adult = 1, single-adult = 0)
Number of dependents
Season (dry season = 1, wet season = 0)

aHouseholds with a greater number of people younger than 18 years old than older than 18 = 1; households with a greater number of people 18 years old and older than 18 years old = 0.

The percentage of households that consumed mammals and
birds was higher than the percentage of households that traded
mammals and bird meat in rural Manaus and rural and urban
Carauari (Figure 3). The percentage of households that con-
sumed chelonians was higher than the percentage of households
that traded chelonians in rural and urban Carauari (Figure 3).
Peri-urban wildlife use did not vary across uses (Figure 3).
Finally, the percentage of households using wildlife did not vary
by season (Figure 3, Appendix S6).

Urbanization effects on social factors

Access to urban markets and rural resources was affected by
the rural–urban gradient. Number of urban visits by households
from rural and peri-urban areas of Manaus was 30% greater than
in Carauari (incidence rate ratio [IRR] 1.30, 95% CI 1.03–1.64),
while the number of rural visits by urban households of Manaus
was 75.8% lower than visits by urban households of Carauari
(IRR 0.24, 95% CI 0.15–0.39). Finally, the number of urban
visits by peri-urban households was 3 times greater than rural
households (IRR 3.02, 95% CI 2.42–3.77).

Nineteen percent of households were multisited; 63.3% had
a primary urban residence. The number of visits to rural areas
by multisited households with urban primary residence was 4-

fold greater than by single-sited households (IRR 4.78, 95% CI
2.79–8.18). Number of visits to urban areas by rural households
was not associated with residence status (Appendix S15).

The probability of being a dual-adult household was 59%
lower in Manaus (odds ratio [OR] 0.41, 95% CI 0.27–0.61) than
in the small town. The odds of being a dual-adult household
were 60% greater for rural (OR 1.60, 95% CI 1.06–2.43) and
more than 3 times greater for peri-urban (OR 3.25, 95% CI
1.78–5.94) than urban households.

The prevalence of dependents over working-age adults was
strongly associated with municipality and urbanization cate-
gories. The odds of having a greater number of dependents over
working-age adults in the household was 48% lower in Man-
aus (OR 0.54, 95% CI 0.39–0.75) than in Carauari. The odds
of having a greater number of dependents over working-age
adults were higher for rural and peri-urban households (OR
1.94, 95% CI 1.34–2.82 rural and 1.26–3.4 peri-urban) than
urban households.

Wild meat consumption

The urbanization categories and residence status were associ-
ated with wild meat consumption. Rural households consumed
meat from mammals and birds 7 times more (OR 7.56, 95%
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FIGURE 3 Percentage of households that used turtle
and tortoise meat in (a) Carauari, a small town, and (b)
Manaus, a large city, and that used birds and mammal meat in
(c) Carauari and (d) Manaus across the gradient of
urbanization during the dry season (June–December) of
2021 (error bars, 95% credible intervals).

CI 3.94–15.02) and chelonians 13 times more (OR 13.04, 95%
CI 5.87–30.26) than urban households. Peri-urban households
consumed mammals and bird meat 3 times more (OR 3.42,
95% CI 1.64–7.23) and chelonians 6 times more (OR 6.64,
95% CI 2.82–16.73) than urban households. Multisited house-
holds consumed 2 times more meat from mammals and birds
than single-sited households (OR 2.51, 95% CI 1.38–4.54). Res-
idence status did not affect chelonian consumption (Appendix

S15). Living in Manaus was associated with 86% lower amount
of meat from mammals and birds consumed (OR 0.14, 95%
CI 0.07–0.25) and with 96% lower number of chelonians con-
sumed (OR 0.04, 95% CI 0.02–0.1) than living in Carauari
(Appendix S15). The amount of mammal and bird meat con-
sumed was 55% greater (OR 1.55, 95% CI 1.05–2.34) and
of chelonians was 7-fold greater in dry (OR 7.09, 95% CI
3.91–14.04) than in the wet season.
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As the number of rural visits by urban households increased
by 1 SD (equivalent to 6.56 visits/season), the quantity of
mammals and birds consumed increased by 36% (OR 1.36,
95% CI 1.08–1.77) and of chelonians increased almost 3-
fold (OR 2.94, 95% CI 1.69–4.83). Market access was not
associated with wild meat consumption (Appendix S15). Level
of dependency was positively associated with chelonians con-
sumption. For each increase of 1 SD (equivalent to 0.2 level of
dependency), the quantity of chelonians consumed increased by
42% (OR 1.42, 95% CI 1.08–1.97). Chelonian consumption was
higher during dry than wet season (Appendix S15). The remain-
ing variables included in the model were not associated with
chelonian consumption (Appendix S15).

Wild meat barter

The urbanization categories were associated with wild meat
barter, residence status affected barter of mammals and birds,
and season affected chelonian barter. Rural households bartered
82-fold more mammal and bird meat (OR 82.72, 95% CI
19.36–554.18) and 5-fold more chelonians (OR 5.12, 95%
CI 2.02–12.95) than urban households. Peri-urban households
bartered 43 times more meat from mammals and birds (OR
43.81, 95% CI 9.46–298.95) and over 5 times more chelonians
(OR 5.77, 95% CI 2.26–15.96) than urban households. Mul-
tisited households bartered 86% less mammal and bird meat
than single-sited households (OR 0.14, 95% CI 0.03–0.47).
Households in Manaus bartered 99% less mammal and bird
meat (OR 0.01, 95% CI 0.001–0.07) and 77% fewer cheloni-
ans (OR 0.23, 95% CI 0.08–0.54) than households in Carauari.
More chelonians were bartered in the dry season (Appendix
S15).

Among the factors assessed, dual-adult households and
market access were positively associated with the quantity
of mammal and bird meat bartered. Dual-adult households
bartered 10 times more mammal and bird meat than single-
adult households (OR 0.13, 95% CI 1.42–167.63). An increase
of 1 SD in the number of visits to the urban area (equivalent to
21.76 visits per season) was associated with 4-fold more mam-
mal and bird meat bartered (OR 4.12, 95% CI 1.11–17.91). As
the number of dependents increased by 1 SD, the number of
chelonians bartered increased by 53% (OR 1.53, 95% CI 1.12–
2.05). Finally, the quantity of chelonians bartered in the dry
season was greater than in the wet season (Appendix S15).

Wild meat commercial trade

Urbanization effects on trade depended on the type of wildlife.
The quantity of mammals and birds traded was 8 times greater
for rural households than urban households (OR 8.35, 95% CI
2.62–34.59). The number of chelonians traded was 70% lower
for households in Manaus than in Carauari (OR 0.30, 95% CI
0.11–0.72).

The level of dependency affected the quantity of mammals
and birds commercially traded, whereas market access affected

chelonian trade. The amount of mammal and bird meat traded
was 52% greater for every increase of 0.2 in dependency level
(OR 1.52, 95% CI 1.06–2.12). The quantity of chelonians traded
was 2 times greater for every increase in 21.76 visits/season to
urban areas (OR 2.39, 95% CI 1.04–6.55). The dry season was
associated with higher commercial trade than the wet season,
and this relationship was stronger for chelonians than mammals
and birds (Appendix S15).

DISCUSSION

We investigated how urbanization was associated with wildlife
use. Our findings have implications for the inclusion of urban,
peri-urban, and rural populations in people-centered conser-
vation in the Brazilian Amazon. Wildlife use was widespread
across the urbanization gradient, and wild meat use was associ-
ated with urbanization, municipality, residence status, and social
factors. Although urbanization in Carauari (a small town) does
not mirror urbanization in Manaus (a big city) exactly, the com-
parison provides insights into how social factors may influence
wildlife use based on varying degrees of urbanization across
these sites. The quantity of wild meat used was greater for rural
and peri-urban households than for urban households. How-
ever, urban demand for wild meat was substantial, highlighting
the persistence of rural practices in urban contexts, especially
in small towns. In Carauari, wildlife use was predominantly
influenced by rural areas, whereas in Manaus, the urban area
shaped rural and peri-urban access to markets. This led to an
increase in barter of species of lower market value (i.e., mam-
mals and birds) and in commercial trade of species of higher
market value (i.e., chelonians). Urban wild meat use increased
as rural access by urban or multisited households increased.
Finally, peri-urban household proximity to wildlife and urban
markets resulted in greater wildlife trade levels, especially closer
to Manaus. These interlinked spatial and social processes have
important, but largely overlooked, implications for wildlife
policies.

Wildlife trade and the urban frontier

We uncovered evidence of wildlife trade occurring in house-
holds across large and small urban areas. An average of 21%
(7–34% Carauari) and 16% (6–26% Manaus) of urban house-
holds participated in trade. Urban households are engaged in
transactions with other households, adding complexity to mon-
itoring wild meat trade and enforcing regulations (Hughes et al.,
2023). Participation of peri-urban households in wildlife trade
was substantial. Peri-urban households engaged in diverse eco-
nomic activities, often relying on access to both rural and urban
markets. Their dynamic livelihood strategies and geographic
position facilitate trade, and their involvement in the urban
economy boosts wild meat demand (Torreset al., 2022). Peri-
urban households visited urban areas more often than they
visited rural areas, suggesting stronger urban ties. Any conserva-
tion strategy concerning wildlife use should consider dynamics
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FIGURE 4 Effects of social mechanisms on wildlife use across the rural-to-urban gradient in the Brazilian Amazon and associated policy implications for
participatory wildlife conservation. At the bottom are key social mechanisms affecting wildlife use: increased barter and commercial wildlife trade associated with
visits between rural and urban areas; increased wildlife consumption and barter associated with multisited households (households accessing both urban and rural
resources); higher dependency levels (ratio of minors to working adults); and dual-adult households. Based on these mechanisms, 3 policy implications are proposed
(top): regulate subsistence hunting, strengthen community-based management of alternative food sources, and integrate wildlife users into development programs.
Illustration by Norberto T. Ferreira.

occurring in peri-urban areas, including how inhabitants access
wild meat.

Embedded urbanization and urban-to-rural
connections

We hypothesized that municipality size and household resi-
dence status are associated with access to wild meat and wildlife
use, after accounting for urbanization categories. We found
that small-town households had higher rural access and higher
wildlife use than Manaus residents, which is consistent with
wildlife use literature in Amazonia (Torreset al., 2022; Chaves
et al., 2017; Parry et al., 2010). In Manaus, however, urban access
was greater than in Carauari. The diverse associations between
rural access in small towns and market access in large cities
stem from historical connectivity patterns among Amazonian
cities and the process of “embedded urbanization” (Hecht et al.,
2021). Small towns exhibit a subregional hierarchy, character-
ized by strong connections to local markets and natural resource
exploitation (Guedes et al., 2009), suggesting a greater connec-
tion between small-town inhabitants and wild meat. In contrast,
large cities likely drive access across other urban dimensions,
attracting people to markets and labor (Kanai, 2014).

Residence status had distinct effects on wildlife use. Multi-
sited residents were consumers rather than intermediaries in
wildlife barter, implying a straightforward network for wildlife
products along the rural–urban continuum. This contrasts
with the intricate and branched structure observed in other
wildlife trade networks (e.g., commercial trade [Pantoja-Lima
et al., 2014]). Moreover, multisited residence increased rural
access by urban households without a corresponding increase in

urban access by rural households. These findings imply people’s
mobility across the urban–rural frontier by their residence sta-
tus shapes access to wildlife, as evidenced elsewhere (Torreset
al., 2022).

Social factors affecting access to and use of
wildlife

Visits to rural and urban areas, which are secondary effects of
urbanization (Christiaensen & Todo, 2014), distinctly shaped
wildlife use and could lead to an increase in wild meat con-
sumption in urban areas and drive barter and commercial trade
in rural and peri-urban regions. Chelonian trading increased as
market access increased. Mammals and birds, however, were
bartered, a finding that contributes to evidence of a specific
role for certain species. Although types of wildlife use for par-
ticular species have been identified in urban settings (Chaves
et al., 2023), residents in rural and peri-urban areas likely favor
bartering cheaper food items, reserving commercial transac-
tions for economically valuable species, such as chelonians (El
Bizri et al., 2020). Thus, household wildlife use involves social
and economic mechanisms, and the species affects the type of
use.

Intrahousehold factors also influenced wildlife use. Dual-
adult households consumed and bartered more bird and
mammal meat than single-adult households. This suggests that
dual-adult households tend to access wildlife and facilitate oth-
ers’ access to wildlife through food-sharing practices. With 2
adults, the capacity to engage in hunting or wildlife acqui-
sition activities, either directly or through social networks, is
enhanced (Wood & Marlowe, 2013). Conversely, it suggests
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that single-adult households are vulnerable to food shortages if
they rely on wild meat or that single-sited households may rely
on domesticated meat. Single-adult households’ participation in
urban markets was higher than dual-adult households, possibly
because of their prevalence in Manaus. This may be associated
with reduced access to wild meat.

High rates of barter among households with greater depen-
dency levels might mean greater reliance on social networks
(Barbieri et al., 2021). In fact, participating in wild meat barter
likely extends benefits beyond intrahousehold food security to
community well-being and expansion of rural–urban networks
(Carigiano Torres et al., 2022; Chaves et al., 2023). In addition,
wild meat sharing can be a safety net during periods of food
scarcity (Valle Nunes et al., 2019). Then, households with more
dependents might cope with food availability fluctuations by
bartering meat, consequently fostering reciprocity outside the
household.

We also found that household dependency level increased
chelonian consumption and barter. This finding challenges
the association of chelonian consumption with wealth, despite
expectations of economic strain in such households. This rela-
tionship warrants further investigation, particularly because we
did not detect an effect of dependency level on trade. It is
possible, however, that people are investing efforts to main-
tain chelonian barter, thereby increasing the availability of these
species in the household (El Bizri et al., 2023).

Integrating the urbanization gradient in
participatory wildlife policies

Conservation in Brazil highlights the participation of people
in research, yet it often lacks frameworks to effectively inte-
grate wildlife users in decision-making (Bragagnolo et al., 2019).
Aside from policies supporting Indigenous wildlife use, fair
and effective interventions are rare (Antunes et al., 2019). For
example, although 84% of protected areas in the Brazilian Ama-
zon are comanaged by traditional communities, a review of 30
management plans showed that less than half considered peo-
ple legitimate users (Lemos et al., 2023). Additionally, efforts
to include people in wildlife policy are often biased toward
rural areas (i.e., extractive reserves [ICMBIO, 2002]) and toward
specific taxa (i.e., caimans [CEMAAM, 2011] and chelonians
[ICMBIO, 2022]). Plans to address wildlife stewardship must be
accompanied by a transformation in environmental governance
with a framework that addresses the relationships between rural
and urban populations, prioritizes harvesting of resilient species,
and helps alleviate poverty (Parry et al., 2014). Therefore, a
structural shift is required toward a sustainable and just wildlife
use sector in conservation. We propose 3 recommendations to
promote this shift that are based on wildlife use as ongoing
across the urbanization gradient, despite legal restrictions.

We applied a social justice framework that places human
rights at the center of conservation (Milner-Gulland, 2024).
Hunting regulations in the Brazilian Amazon must accom-
modate the fundamental role of hunting in rural subsistence
economies (Antunes et al., 2019). The prevalence of rural

households consuming wild meat, ranging from 50% (in Man-
aus) to 92% (in Carauari) in our study, underscores the critical
subsistence role of wild meat. In rural Amazonia, wild meat
consumption alleviates child malnutrition, enhances food secu-
rity, and is a vital resource for populations facing economic and
social constraints (Bachmann et al., 2019; Carigiano Torres et al.,
2022; Nunes et al., 2019). Despite its importance to 26% of
the Amazonian population in Brazil (IBGE, 2010), wild meat
use remains largely unregulated, leaving people subject to con-
tradictory rules and policies (Van Vliet, 2018). Considering the
prevalence of rural wild meat consumption, we recommend the
adoption of an inclusive legal framework that regulates subsis-
tence hunting and guarantees rural people the right to comanage
wildlife populations in their territories (Figure 4, number 1).

Ensuring sustainable rural wild meat use requires comple-
mentary strategies that encourage livelihood diversification and
uphold territorial sovereignty (Wicander & Coad, 2018). There-
fore, we recommend that conservation policies encompass
Amazonian food systems comprehensively and prioritize rein-
forcement of community-based management approaches for
alternative wild food sources, such as fish (Figure 4, num-
ber 2). Fish are an abundant and reliable food and nutrient
source for Amazonian communities compared with wild meat
(Tregidgo et al., 2020). Thus, coupled wildlife–fish stock man-
agement should support rural communities, particularly when
populations of consumed species fluctuate. Moreover, fish
management initiatives will likely benefit terrestrial species
using these managed systems due to the territorial protection
they promote (Campos-Silva et al., 2018). Integrating fish and
wildlife management in a community-based framework would
significantly enhance cooperation and collective action, thereby
fostering robust local institutions capable of deliberating on
wildlife use and rural sustainable development.

Peri-urban areas emerged as significant contributors to the
integration of rural wildlife stocks in urban markets, facilitat-
ing wildlife barter and commercial trade, particularly in Manaus
where demand for wildlife is likely unsustainable (Chaves et al.,
2021). Peri-urban regions are focal points for market integra-
tion and infrastructural development as urban areas expand
(Hutchings et al., 2022). However, peri-urban expansion often
occurs without adequate planning (Allen, 2003). Given that
the growth of peri-urban areas can accelerate demand for
wild meat and contribute to the depletion of wildlife pop-
ulations near urban centers (Sampaio et al., 2022) and that
urban hunters may also harvest wildlife for other purposes
not addressed here (i.e., sport; Oliveira et al., 2023), we rec-
ommend including wildlife users in integrated development
programs through community-based conservation efforts to
mitigate rural and peri-urban participation in wildlife mar-
kets (Figure 4, number 3). Consequently, integrated wildlife
conservation plans should encompass broader considerations
related to urban expansion and local development policies.
Municipal master plans, for instance, could significantly con-
tribute to wildlife conservation efforts by adopting a regional
approach that includes people across the urbanization spec-
trum, which could also prevent unsustainable urban growth.
We recognize that a more nuanced, multidimensional approach



CONSERVATION BIOLOGY 10 of 12

(e.g., incorporating socioeconomic, infrastructural, and ecologi-
cal variables) would provide richer insights into the urban–rural
continuum effects on wildlife use.

Bridging the historical divide between urban and rural con-
servation strategies is paramount. Aside from a 2006 attempt
to cocreate policy for wildlife use, known as the “Amazonian
Wildlife Policy” (IBAMA, 2006), few conservation initiatives
proposed structural changes to enhance sustainable rural–
urban intersections. Notable exceptions include regulations on
sport hunting (Law 10,056;94) and on hunting invasive species
(IBAMA Normative Instruction 03/2013; El Bizri et al., 2015).
Despite these localized efforts, rural and urban wildlife users
should play roles in decision-making processes so that poli-
cies that reduce dependence on wildlife and address food
sovereignty and well-being are developed. Rural institutions
have shown adaptability in addressing the effects of urbaniza-
tion, such as market integration (Hecht et al., 2021). For urban
residents, wildlife policies should focus on voluntary demand
reduction initiatives and target enforcement of unsustainable
trade markets. We found that populations in the peri-urban areas
of Manaus sustain illegal trade, which reinforces people’s vulner-
ability. Critically, integrated yet targeted policies should produce
clear conservation outcomes that encompass social and ecolog-
ical dimensions and focus on the inclusion of vulnerable, yet
overlooked, urban, peri-urban, and rural residents. Ultimately,
a collaborative approach recognizing the interconnectedness of
rural and urban spheres can create sustainable pathways for an
urbanizing Amazonia.
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