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ABSTRACT

Local people living in the Amazon rainforest rely heavily on wild meat as a source of protein and income.
While the patterns and drivers of wildlife hunting and trade by local communities are well-known for
upland forests, such aspects have been poorly explored in Amazonian floodplains. This study aims to
describe wild meat hunting and trade patterns and assess the hunting dynamics of local communities
in Amazonian floodplain areas. For this purpose, we interviewed 121 hunters in 36 communities living
in white-water flooded forests in the lower Amazon River, Brazil. Thirty taxa were cited as hunted
by interviewees, who used a repertoire of 13 hunting techniques. Aquatic and semi-aquatic taxa were
the most prevalent, especially Hydrochoerus hydrochaeris, Cairina moschata, and Podocnemis unifilis.
Eight taxa were cited as traded; wild meat was sold at 2.57 + 2.22 USD /kg, while eggs of birds and
turtles were sold at 0.37£0.27 USD /unit. We found an inverted-U relationship between the body mass
and the number of citations per taxa, with species weighing between 10-40 kg presenting the highest
number of citations. The hunting patterns found here are different from those frequently found in the
literature for upland environments. Understanding these hunting and trade patterns will help develop

tailored wildlife conservation and management strategies for Amazonian floodplains.
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SIGNIFICANCE STATEMENT

This study is one of the few presenting information on hunting and trade of wildlife in floodplain ecosystems
of the Amazon. Due to constraints on species occurrence, with low populations of terrestrial species, aquatic (i.e.,
chelonians and birds) and semi-aquatic (i.e., capybaras) taxa were the most used and traded species, contrasting

with results usually found for upland environments.

Hunters used 13 different techniques to catch hunted

species, and the species’ body mass was an important driver shaping wildlife use in these areas. Understanding
these hunting and trade patterns will help develop tailored wildlife conservation and management strategies for

Amazonian floodplains.

INTRODUCTION

The consumption and trade of wild meat are
considered the primary reasons for hunting world-
wide (Ingram et al. 2021). Wild meat hunting and
consumption are particularly prevalent in developing
countries in the tropics, which possess high richness of
wildlife (Nielsen et al. 2018). Wild meat constitutes
one of the main animal protein and income sources
for rural people in several parts of Africa, Southeast
Asia, and Latin America (e.g., Shanee 2012; Souto et
al. 2019; Zanvo et al. 2021). In Latin American coun-
tries, wild meat hunting persists in different socio-
cultural contexts, especially in subsistence-based so-
cieties living in tropical forests (Souza-Mazurek et al.
2000). Hunting of animals is widespread from north
to south of this region, in areas that vary widely in
terms of urbanization and biodiversity levels (e.g.,
Parry et al. 2009; van Vliet et al. 2015). For instance,
most rural people living in the Amazon rainforest rely
heavily on wild meat as a nutritional, economic and
cultural component of their livelihoods (e.g., Barros
et al. 2012; Morsello et al. 2015).

More recently, however, a shift towards cash
economies, increased access to remote areas,
widespread use of guns, and technological improve-
ments in communication, transportation and equip-
ment have altered traditional hunting behavior in
Amazonia and increased the sale of wild meat to meet
urban demands (e.g., Bowler et al. 2020). Morsello et
al. (2015) reported that at least one third of house-
holds in urban centers of the Brazilian and Colombian
Amazon regularly consume wild meat, while El Bizri
et al. (2020a) estimated that around 10 thousand
tons of wild meat are consumed annually by urban
residents in the Central Amazon.

Despite the social, cultural and economic (i.e.,
wild meat being the main or an additional source
of income for several families) importance of hunt-
ing, there is increasing evidence that unsustainable
hunting and trade of wild meat are among the main
causes of wildlife population declines worldwide. In
the Amazon, Parry and Peres (2015) estimated a
large-scale level of depletion of hunted species popula-
tions along rivers and near densely populated villages
and cities, possibly due to the higher involvement

of hunters in the wild meat trade. Peres and Pala-
cios (2007) found that 73% of the 30 game species
analyzed in the Brazilian Amazon showed declines
in their population numbers, reaching reductions of
up to 74.8% in hunted sites compared to less inten-
sively hunted sites. Fauna depletion caused by hunt-
ing not only affects hunted species populations but
also has negative cascading effects on the structure of
tropical forests due to the reduction of ecological ser-
vices (e.g., seed dispersal) provided by hunted species
(Peres et al. 2016). This fact highlights the need for a
better understanding of hunting patterns and drivers
in Amazonia to guide better decision-making on the
management and sustainability of wild meat use, es-
pecially in poorly studied areas and environments of
the biome.

Amazonian floodplains are wetlands that oscillate
between terrestrial and aquatic phases with the sea-
sonal rise of river water levels and consequent flood-
ing of the area. Along the banks of the Amazon
River, forests are periodically flooded with white wa-
ter rich in nutrients, an environment that is there-
fore determined as white-water flooded forest (or
varzea). White-water flooded forests constitute 6% of
the whole Amazon biome (Ribeiro 2007). Although
most of the white-water flooded forest consists of nar-
row stretches connected to upland, unflooded forests,
some large extents of the Amazon composed uniquely
of white-water flooded forests also exist (e.g., West-
ern Amazon — Bodmer et al. 1999; Central Ama-
zon — Lopes et al. 2012; Eastern Amazon — Mc-
Grath et al. 1993). These areas are suitable for
aquatic and arboreal organisms, but the occurrence
of terrestrial wildlife is limited. While the patterns
and drivers of hunting by rural communities of up-
land forests are better known, hunting in Amazonian
white-water flooded forests has been poorly explored
(but see Valsecchi 2005; Lopes et al. 2012; Barboza
et al. 2014; Kirkland et al 2018; Bodmer et al. 2018).

Seasonal conditions, cultural aspects of local com-
munities, species traits and urban demand are com-
monly identified drivers of the frequency and inten-
sity of hunting and trade of wild meat in the Ama-
zon (Baia Junior et al. 2010; Morcatty and Valsecchi
2015). In upland forest communities, local people
usually employ different hunting techniques in differ-
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ent periods of the year and hunt more during the high
river level due to the lower availability of fish in this
period (Endo et al. 2016). In addition, culturally dis-
tinct human societies (e.g., different indigenous eth-
nolinguistic groups and immigrants) usually have a
preference for and hunt different taxa (Constantino
et al. 2021). In terms of species traits, hunters usu-
ally take into account the body mass and availability
of species in the environment to decide which species
to catch (Bodmer 1995); these same traits also shape
the occurrence and rates of trade of species in wild
meat markets (El Bizri et al. 2020a,b). However, the
limitation in terrestrial species availability in Amazo-
nian white-water flooded forests and the constraints
posed by the critical seasonal conditions of this en-
vironment (Bodmer et al. 2018) make local commu-
nities culturally different from upland communities,
which may reflect in their hunting patterns, in par-
ticular in the bulk of species consumed, techniques
used and rates of wild meat trade.

In this study, we describe wild meat hunting and
trade patterns and assess the hunting dynamics of lo-
cal communities living in floodplain areas in the East-
ern Amazon, Brazil. More specifically, we report on
the most hunted species during different seasons of
the year, the species under trade and the prices ap-
plied. We also tested the hypothesis that species se-
lected by hunters would be related to the body mass
of the species.

MATERIAL AND METHODS

Study area

This study was conducted in five municipalities
on the lower Amazon River floodplain ecosystem:
Alenquer, Curua, Obidos, Prainha and Santarém,
in the state of Para, Brazil. All studied commu-
nities are non-indigenous riverine communities set-
tled in white-water flooded forests, locally referred
to as varzea, comprehending around 11,000 residents
and 1542 households. Some communities located in
white-water flooded forests occasionally use upland
forests. The river water level fluctuates seasonally by
around 5.7 m; thus, this environment is completely in-
undated during some months of the year (Dec-May).
The settlements in our study area consist of small-
holder communities. Although fishing is the main
economic activity, they commonly use a combina-
tion of livelihood strategies involving fishing, hunting,
farming of small animals, meliponiculture, and craft-
work (McGrath et al. 2008). Local communities have
organized themselves to protect local fisheries from
outsider commercial fishers, in which some communi-
ties created diverse co-management practices related
to economic activities, natural habitats, and key re-

sources (Castello et al. 2013).

Data collection

We collected information on the patterns and
drivers of hunting in 36 communities living in the
study area. All participants were hunters who lived in
local rural communities settled in white-water flooded
forests. We selected two distinct groups of commu-
nities according to their access to natural resources
from different habitats (hereafter “habitat type”):
communities surrounded by flooded forest (n = 30;
“core communities”), or at the edge between flooded
and upland, non-flooded forest (n = 6; “edge com-
munities”), able to hunt terrestrial species (Figure 1).

The inclusion of participants in our study was ini-
tially based on opportunistic sampling, whereby the
first contacted hunters were already known to the
authors. We then adopted a snowball sampling in
which each hunter named successive ones in their re-
spective community or adjacent areas to participate
in the research. The sampling was not exhaustive
of all hunters in the communities because data col-
lection was conducted in short sampling expeditions,
being limited by time and funding resources. In addi-
tion, several of the mentioned hunters were not avail-
able in the community by the time of data collec-
tion (i.e., they were working on agriculture, travel-
ing to the city, or taking part in fishing or hunting
excursions, etc.). We interviewed only one hunter
per household. A total of 121 hunters participated
in our survey, 3.36 4= 2.62 interviews per community
on average, representing 7.8% of the total number of
households in the studied communities. Despite that,
we recognize the limitation of the sample size of our
dataset and the long time since data collection, and
as such, we limited our analyses to descriptive statis-
tics and hypothesis tests in which pooling the data
from different communities was feasible.

The questionnaire adopted here was part of a
larger effort in the surveyed area to understand the
dynamics of wildlife use by local communities and
aid them in land regularization (i.e., creation of agro-
extractivist settlements). The interviews were con-
ducted between 2008 and 2011. We asked intervie-
wees to list freely the common names of the species
they usually hunt in the dry and wet season, and the
respective hunting techniques used to catch them. We
also asked about whether the species were traded for
commercial purposes, the prices applied and the sell-
ing unit (i.e., entire specimen or kg). People were
free to answer questions they felt comfortable with,
so some respondents preferred to not answer some
questions in the questionnaire, specifically questions
referring to trade of wild meat. Only 41 hunters from
our sample answered questions on this topic.
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Figure 1. Communities surveyed in this study, located in the lower Amazon River. Areas surrounded by white-
water flooded forest (core) and areas at the edge of the white-water flooded forest with the upland, non-flooded

forest (edge).

Before each interview, we made participants com-
fortable by informing them about our study aims.
Participants were informed that they could refrain
from responding to any question they felt uncomfort-
able with and leave the study at any time. We also as-
sured them that all interview notes were anonymous.
We obtained verbal consent from all participants to
use the interviews in the research.

Data analysis

We categorized each cited taxon for which we
could identify the species according to their threat-
ened status on the IUCN (2021). The adult body
mass of the mentioned taxa was obtained from Gar-
cia et al. (2004), Robinson and Redford (1986), and
El Bizri et al. (2020a). We used descriptive statistics
to report on the number and percentage of citations
per taxon, season, and habitat type. We compared
the mean number of citations of hunted taxa per in-
terviewee between habitat types using a Student’s t-
test. We also qualitatively described and classified
into categories the techniques used to hunt each taxa,
following an adaptation of hunting technique descrip-
tions by Barboza et al. (2014) and Mesquita and

Isaac-Nahum (2015). In addition, we report on the
mean price (in USD/Kg) applied for each taxon cited
as traded. For taxa that were sold as entire speci-
mens (e.g., chelonians), we divided the price by the
body mass of the taxon. The selling price of each
taxon was converted using the exchange rate on July
1, 2008 to convert Brazilian reals (R$) into US dollars
(R$1.61 = 1.00 USD), taking into account the Gen-
eral Price Index for Brazil estimated by the Getiilio
Vargas Foundation.

We tested the hypothesis that the selection of
species by hunters would be related to the species’
body mass. For that purpose, we conducted a gen-
eralized linear model (R-package gamlss) with the
Log-Normal family of distribution to test the effect
of the body mass of the taxa on their number of ci-
tations. In this analysis, some species were pooled at
a higher taxonomic level because it was not possible
to unequivocally identify them at the species level in
all responses. We included all armadillos within the
Order Cingulata, alligators within the Family Alliga-
toridae, brocket deer within the genus Mazama, and
all beach-nesting turtles within the genus Podocne-
mis. For pooled taxa, we used the average body mass




Silva et al. 2022. Patterns of wildlife hunting and trade by local communities in eastern Amazonian floodplains

Ethnobiol Conserv 11:16

of the identified species. We included habitat type
as a fixed factor in the model to control for differ-
ences in the number of interviews among communi-
ties from different habitats, and tested for a possible
interaction between body mass and seasonality. We
fitted both linear and second-order polynomial curves
to the data. The best model between these two was
defined based on their Akaike information criterion
(AIC), and the one with lower AIC was selected. All
analyses were performed in Rstudio Version 1.3.1093
(RStudio Team 2020) at a probability threshold level
of p < 0.05.

RESULTS

Hunted taxa and hunting techniques
used

A total of 105 participants (86.8%) provided in-
formation on hunted taxa and the techniques used to
capture them. Thirty taxa were mentioned as hunted
by these respondents in a total of 358 citations. Mam-
mals (n = 147) were the most cited group, followed
by reptiles (n = 106) and birds (n = 105). How-
ever, the four most-cited species are representatives
of all three groups, with Hydrochoerus hydrochaeris
(21.79%), Cairina moschata (13.13%), Podocnemis
unifilis (13.13%) and Dendrocygna autumnalis (7.0%)
as the top four hunted species and together compris-
ing 55% of all citations. The number of citations of
hunted taxa per interviewee was significantly higher
in the edge communities (4.64 + 1.93 citations/in-
terviewee) than in core communities (2.15 £+ 1.23)
(t = 7.6, p < 0.001). Of the 24 identified species,
six (25%) are currently threatened with extinction
(Table 1).

Regardless of the environment or season, in core
communities, considering the dry season, the main
hunted taxa were P. unifilis (22.07%), C. moschata
(20.69%) and H. hydrochaeris (16.55%); in the wet
season, it was H. hydrochaeris (41.89%). In edge
communities, in the dry season the main taxa hunted
were Cuniculus paca (13.75%) and H. hydrochaeris
(13.75%); in the wet season it was H. hydrochaeris
(20.34%), Dasyprocta leporina (15.25%) and the Or-
der Cingulata (15.25%) (Table 1).

A total of 13 hunting techniques were mentioned
by interviewees. In general, “shotgun” was the most
widespread hunting technique used by respondents
(66%), followed by “manual capture” (33%) and “har-
poon” (30%). Podocnemis unifilis was a target

species for 80% of the different recorded hunting
techniques. On the other hand, 60% of the taxa
were associated to a unique specific technique, es-
pecially the “shotgun” (80%); these taxa were Ama-
zonetta brasiliensis, Anhinga anhinga, Ardea cocoi,
C. moschata, Craz alector, Mazama spp., Mycteria
americana, Phalacrocoraz brasilianus, Penelope sp.,
Tayassu pecari, and Aburria cujubi (Table 2). Some
specimens caught from hunting activities mentioned
in our study are shown in Figure 2.

Trade in wild meat and eggs

A total of 41 interviewees provided information
on the trade of wild meat (n = 108 citations), and
at least one interviewee in each community reported
trading wild meat. Eggs of wild species were also
traded (n = 33 citations). Eight taxa were cited as
traded. Reptiles represented 71% (n = 77) of the
species cited as traded in terms of meat and 88%
(n =29) in terms of eggs.

Prices were substantially different between meat
and eggs. Wild meat was sold on average at 2.57 +
2.22 USD/Kg. Podocnemis unifilis was the taxon
most cited as sold (n = 33). The most expen-
sive taxon was Podocnemis sextuberculata, sold for
6.47+£2.70 USD/Kg. In general, eggs (birds and tur-
tles) were sold at 0.37 & 0.27 USD/unit. Podocne-
mis sextuberculata eggs presented the highest value
among turtle species, sold for 0.52 + 0.14 USD /unit
(Table 3). The eggs from P. expansa and D. autum-
nalis were the cheapest, less than half the price of
other taxa. According to the informants, the trade of
wild meat and eggs usually occurs between communi-
ties, which are bought usually by retired and salaried
people (education and health professionals); and to a
lesser intensity in nearby urban centers.

Body mass shaping hunting patterns

The hypothesis that the number of citations per
species would be determined to their body mass was
confirmed. The best model involved a polynomial
curve fitted to the data (AAIC linear model = 11.43).
We found a strong inverted-U relationship between
the body mass and the number of citations per taxa,
with the highest number of citations detected for taxa
weighing around 10 to 40 kg. This relationship was
independent of the season, i.e., no interaction be-
tween season and body mass was detected (Figure 3;
Table 4).
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Figure 2. Photographs showing specimens caught during hunting activities in the lower Amazon River: a)
wood stork Mycteria americana hunted for Christmas dinner, b) bones of a spectacled caiman Caiman crocodilus
that was killed during a hunting activity, c) collected eggs of yellow-spotted river turtle Podocnemis unifilis,
and d) individuals of yellow-spotted river turtle Podocnemis unifilis captured using large adapted funnel-shaped

net. Photographs: R. Barboza.
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Figure 3. Relationship between body mass and number of citations of the taxa reported as consumed in the
lower Amazon River. The shaded area is the 95% confidence interval. The points are normalized residuals,
which are plotted on log-transformed (In) y-axis and x-axis.




Table 1. Details of the hunted taxa cited by 105 interviewed (358 citations) of 31 local communities in the foodplains areas of the Lower Amazon River,
with values for body mass, the popular name of the species, conservation status and percentage of citations as consumed. Number of respondents: Core =
25, Edge = 80. The names are ordered in alphabetical order:

Common Body Core. . Edge' . Total of
Taxa name IUCN mass (kg) communities communities citations (%)
Total Total
Dry Wet Dry Wet
Aves 60 (41.38) 17 (22.07) 77 (35.16) 22 (27.50) 6 (10.17) 28 (20.14) 105 (29.33)
Aburria cujubi Red-throated LC 1.2 1 (1.69) 1 (0.28)
Piping-guan
Amazonetta brastliensis Brazilian Teal LC 0.6 2 (1.38) 2 1 (1.25) 1 3 (0.84)
Anhinga anhinga Anhinga LC 3 1 (0.69) 1 (1.35) 2 2 (0.56)
Ardea cocoi Cocoi Heron LC 2 5 (3.45) 6 (8.11) 11 3 (3.75) 1(1.69) 4 15 (4.19)
Cairina moschata Muscovy Duck LC 3 30 (20.69) 8 (10.81) 38 7 (8.75) 2 (3.39) 9 47 (13.13)
Craz alector Black Curassow VU 3 1 (1.25) 1 1 (0.28)
Dendrocygna autumnalis géi‘é‘tﬁlglﬁick LC 0.76 15(10.34) 1(1.35) 16 8 (10.00) 1 (1.69) 9 25 (6.98)
Mycteria americana Wood stork LC 2.5 6 (4.14) 6 1 (1.25) 1 7 (1.96)
Phalacrocoraz brasilianus Neotropical Cor- LC 1.3 1 (0.69) 1 (1.35) 2 2 (0.56)
morant
Penelope spp. 2 1(1.25) 1 (1.69) 2 2 (0.56)
Mammalia 26 (17.93) 32 (43.24) 58 (26.48) 43 (53.75) 46 (77.97) 89 (64.03) 147 (41.06)
Cabassous spp. Southern Naked- LC 4.8 1 (1.25) 1 1 (0.28)
Tailed Armadillo
Cingulata 6 8 (10.00) 9 (15.25) 17 17 (4.75)
Cuniculus paca Agouti LC 8 11 (13.75) 7 (11.86) 18 18 (5.03)
Dasyprocta leporina Red-rumped Agouti  LC 2.2 4 (5.00) 9 (15.25) 13 13 (3.63)
Euphractus sexcinctus Yellow Armadillo LC 44 1(1.25) 1 1 (0.28)
Hydrochoerus hydrochaeris ~ Capybara LC 30 24 (16.55) 31 (41.89) 55 11 (13.75) 12 (20.34) 23 78 (21.79)
Mazama americana Red Brocket DD 20 2 (2.50) 2 2 (0.56)
Mazama nemorivaga Amazonian Brown LC 17 2 (2.50) 1 (1.69) 3 3 (0.84)
Brocket
Mazama spp. 18.5 1 (1.25) 3 (5.08) 4 4 (1.12)
Pecari tajacu Collared Peccary LC 25 2 (2.50) 3 (5.08) 5 5 (1.40)
Tayassu pecari White-lipped  Pec- VU 35 2 (3.39) 2 2 (0.56)
cary
Trichechus inunguis Amazonian Manatee VU 400 2 (1.38) 1(1.35) 3 3 (0.84)
Reptilia 50 (40.69) 25 (33.78) 84 (38.36) 15 (18.75) 7 (11.86) 22 (15.83) 106 (26.91)
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Alligatoridae 182.5 3(2.07)  4(5.41) 7 2 (2.50) 2 (3.39) 4 11 (3.07)
Caiman crocodilus Spectacled Caiman LC 65 4 (5.41) 4 4 (1.12)
Melanosuchus niger Black Caiman LC 300 1 (0.69) 1 (1.35) 2 2 (0.56)
Testudines 17 2 (1.38) 1(1.35) 3 6 (7.50) 2 (3.39) 8
. Big-headed
Peltocephalus dumerilianus Amazon River Turtle VU 11 1 (1.25) 1 (1.69) 2 2 (0.56)
Podocnemis expansa South American LC/CD 40 8 (5.52) 2 (2.70) 10 1 (1.25) 1 11 (3.07)
River Turtle
Podocnemis sextuberculata  Six-tubercled Ama- VU 3 13 (8.97) 3 (4.05) 16 1 (1.25) 1 (1.69) 2 18 (5.03)
zon River Turtle
Podocnemis unifilis Yellow-spotted River VU 8 32(22.07) 10(13.51) 42 4 (5.00) 1 (1.69) 5 47 (13.13)
Turtle
Total: 30 5 5 145 71(33.79) 219 80 (57.55) 59 (42.45) 139 (38.83) 358
(66.21) (61.17)
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Table 2. Hunting techniques used by interviewees, including their level of selectivity, season in which they are used, and species cited by the participants.

Category Hunting technique (local names) Description and season Selectivity Seasonality Animals
. . " . . . . helonians;
Gillnet (“malhadeira”) Traditional gill net of different sizes. medium wet, dry Chelonians; .
Dendrocygna autumnalis
Net Trawl net (“arrasto”) Seine trawl or beach trawl high wet, dry Chelonians
Funnel-shaped net (“pugd”) Artisanal funnel-shaped net adapted to  very high wet Chelonians
be pulled with wooden structure by
small regional boats
Small net (“redinha”) A piece of net tied up under the branch  very high wet Chelonians
where turtles usually bask. When the
animal jumps, it falls directly into the
net
” ” . . Chelonians;
Cast net (“tarrafa”) Cone-shaped nets with small lead high wet, dry .
. D. autumnalis
weights are arranged around the outer
edge to increase their weight. The net
is also cast over the animal, forming a
large circle in the air
Caimans;
. . . . . . helonians;
Hook Hook and line (“canigo”, “anzol”) Line and hook, sometimes with home- high wet, dry Che omans; -
. Mycteria americana;
made fishing poles .
Ardea cocoi
Trap Snare (“mundé”, “demundé” or “lago”) It can be used in two ways, with a heavy  very high wet, dry Hydrochoerus hydrochaeris
trunk on a pole or using a noose to cap-
ture the animal’s leg
Fire gun Shotgun (“espingarda’) low wet, dry Birds;
’ mammals
. H. hydrochaeris;
Arrow (“flecha”) Wooden bow and arrow medium wet, dry yarochaers;
chelonians
Other H . hydrochaeris;
— . . . . caimans;
Harpoon (“arpao”) Wooden lance with a pointed tip to medium wet, dry . . .
. . . Trichechus inunguis;
which a cord is attached allowing the .
chelonians

tip to separate from the shaft upon hit-
ting the target
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0T

Manual capture

“Sororoca” or “soca-soca’

Hunting with dog (“cachorro”)

Capture of the animal or eggs by hand

Long wooden stick used in the active
search for chelonians buried in the sed-
iment during the dry season

Active search with the help of dogs.

medium

very high

medium

wet, dry

dry

wet, dry

Eggs of ducks and chelonians;
D. autumnalis;

chelonians;

armadillo

Chelonians

H. hydrochaeris;
Pecari tajacu;
Dasyprocta leporina;
D. autumnalis;
Cuniculus paca;
FEuphractus sexcinctus
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Table 3. Details of species cited as sold and prices practiced. The taxa names are ordered alphabetically. SD = standard deviation.

N of citations as sold (%) Price (USD + SD) Unit
Aves
Muscovy Duck (Cairina moschata) 1(0.71) 4.67 £+ 0.00 ke
Black-bellied Whistling-duck (Dendrocygna autumnalis) 2 (1.42) 4.99 + 4.85 kg
Eggs Black-bellied Whistling-duck (Dendrocygna autumnalis) 4 (2.84) 0.21 +0.14 unit
Mammalia
Capybara (Hydrochoerus hydrochaeris) 28 (19.86) 1.78 £ 0.36 kg
Reptilia
Alligatoridae 1(0.71) 0.62 £+ 0.00 kg
Spectacled Caiman (Caiman crocodilus) 1(0.71) 0.93 + 0.00 kg
Testudines
South American River Turtle (Podocnemis expansa) 23 (16.31) 1.56 = 0.77 kg
Six-tubercled Amazon River Turtle (Podocnemis sextuberculata) 19 (13.48) 6.47 + 2.70 kg
Yellow-spotted River Turtle (Podocnemis unifilis) 33 (23.40) 1.93 £ 0.72 kg
Eggs South American River Turtle (Podocnemis expansa) 1(0.71) 0.19 + 0.00 unit
Eggs Yellow-spotted River Turtle (Podocnemis unifilis) 26 (18.44) 0.41 + 0.40 unit
Eggs Six-tubercled Amazon River Turtle (Podocnemis sextuberculata) 2 (1.42) 0.52 + 0.14 unit
Total:12 141 2.02 £+ 2.05
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Table 4. Details of the generalized linear model for the effects of body mass (in natural log scale) of the taxa
on their frequency of citations as hunted by hunters living in the Lower Amazon River, Brazil. Habitat type of
the community (whether within the core or edge of the white-water flooded forest) was included as a predictor
variable to control for the distinct number of participants in each community. Significance codes (p): 0 “***’

0.001 “**’ 0.01 “*’ 0.05.

Predictor variable Estimate Std. Error t-value
Intercept -0.30381 0.54833 -0.554
Ln Body mass (coefficient 1) 1.5176 0.40141 3.781%**
Ln Body mass (coefficient 2) -0.20949 0.06049 -3.463%**
Season (Dry) 1.1764 0.69465 1.694
Habitat type (Edge) -0.8229 0.27733 -2.967**
Ln Body mass * Season (Dry) (coefficient 1) -0.56546 0.51893 -1.09
Ln Body mass * Season (Dry) (coefficient 2)  0.06782 0.07896 0.859

DISCUSSION

This study stands out for being one of the few pre-
senting information on hunting in floodplain ecosys-
tems in the Amazon. Fishing is usually considered
the main source of protein and income for many Ama-
zonian communities, especially those living in white-
water flooded forests, an environment that presents
high productivity of fish (Mc Grath et al. 2008; Mor-
catty & Valsecchi 2015; Endo et al. 2016). How-
ever, hunting activity is also relevant for populations
living in the Amazonian floodplains. A large num-
ber of hunted taxa (n = 30) were cited as used
by respondents both for subsistence and/or income,
demonstrating that eating and trading wild meat are
important to support the livelihoods of resident pop-
ulations.

Due to the characteristics of this environment,
with extreme seasonal variation in river level, the
availability of species was a decisive factor in the
choice of animals used by hunters. The assemblages
of hunted species found in this study are different
from those traditionally found in the literature for up-
land environments, where terrestrial animals are usu-
ally the main exploited animals (Fonseca and Pezzuti
2013, Mesquita and Barreto 2015; Guimaraes et al.
2019). The high prevalence of aquatic, semi-aquatic
and arboreal animals — such as capybaras, river tur-
tles, and birds — as the main species hunted is in line
with the wild vertebrate assemblage in this area, since
terrestrial animals are virtually non-existent in Ama-
zon flooded forests (Haugaasen and Peres 2005; van
Vliet et al. 2015).

These results corroborate with those of Lopes et

al. (2012), who found that river turtles (P. unifilis,
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P. sextuberculata, P. expansa), H. hydrochaeris and
C. moschata were among the most commonly hunted
species in the Mamiraud Sustainable Development
Reserve, a large protected area composed exclusively
of white-water flooded forest in central Amazonia.
We also found that communities living on the edge
of the white-water flooded forest, near upland forest
areas, included some terrestrial species in their diet,
such as agoutis, pacas and armadillos. This demon-
strates the need for targeted conservation and man-
agement actions for hunted species according to the
access to different environments and species in the
Amazon.

Hydrochoerus hydrochaeris was the most widely
cited species in both habitat types, regardless of the
season, and was also among the top traded species.
Other studies have shown that H. hydrochaeris is one
of the most important hunted mammals in Eastern
Brazilian Amazon (Fonseca and Pezutti 2013; Baia
Junior et al. 2010; Mesquita et al. 2018). The
year-round prevalence of citations for this rodent by
hunters reflects the high potential for exploiting this
animal as a source of meat, regardless of seasonal-
ity. As registered by Hoffman and Cawthorn (2012),
the net cash return per hectare of H. hydrochaeris
is almost three times greater than for cattle. Fur-
thermore, despite H. hydrochaeris being a minor wild
meat source for Amerindians (Peres and Nascimento
2006; Zapata-Rios et al. 2009) and non-urban res-
idents of Eastern Amazon (Mesquita and Barreto
2015), for several urban areas in the Amazon region,
H. hydrochaeris meat is considered tasty (van Vliet et
al. 2017) and this can be considered an important ex-
planation for the preference of this species in the com-
munities studied, given that it is amongst the most
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locally traded wild meats. In illegal wild meat mar-
kets in Para, for example, H. hydrochaeris accounted
for more than 60% of all meat sold (Baia Junior et
al. 2010). In addition, the species is among the most
seized in urban markets of Brazil (de Azevedo Cha-
gas et al. 2015) and one of the preferred species by
Brazilian sport hunters (El Bizri et al. 2015).

In our study area, we detected two species of river
turtles from the Podocnemis genus (P. unifilis and P.
sextuberculata) among the most consumed and sold
taxa, with hunters selling both their meat and eggs.
El Bizri et al. (2020a) found that turtle species, in
particular P. unifilis and P. expansa, were among the
top five species in terms of wild meat consumed in
urban centers in Central Amazonia. In addition, in
a recent wide-scale study, wild meat from approxi-
mately 1.7 million turtles and tortoises was estimated
to be consumed annually in urban centers in Central
Amazonia (Chaves et al. 2020). River turtles are tar-
geted across different life stages (from eggs to adult
stage). In some areas, it has been shown that the
consumption of eggs is more frequent than meat (Re-
bélo and Pezzuti 2000), and in several regions of the
Amazon, freshwater turtles and their eggs are consid-
ered a delicacy (Vogt 2008; Schneider et al. 2011).
In our study area, eggs are sold by the dozen or the
hundred, especially the eggs of P. unifilis which, be-
ing more profitable and therefore presented a higher
number of citations.

Drivers of hunting

Our results have shown that the body mass of the
taxa influences their number of citations as hunted.
Although not tested here, we expect that the number
of citations would reflect the frequency with which
hunters hunt each species (see Oliveira et al. 2022).
Under this assumption, it is possible to state that the
pattern we found meets the optimal foraging theory.
This theory states that hunters would harvest prey
based on a balance of cost/benefit according to prof-
itability, availability and risks (Hawkes et al. 1982;
Jerozolimski and Peres 2003). Accordingly, we found
an increase in the number of citations with body mass
up to a maximum and optimum point of around 3040
kg (e.g., capybara). This suggests that hunters may
be actively choosing to hunt large-sized taxa because
these usually yield more meat per individual cap-
tured. However, after that point, we detected a steep
decrease in the number of citations for larger taxa
(i.e., caimans and manatee), likely due to constraints
posed by species availability or risks. Although those
two taxa are possibly the most profitable ones in
terms of meat, they may be less dense, or even more
dangerous to hunt in the case of caimans, and con-
sequently more difficult to catch. According to infor-
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mal dialogues with hunters, the commerce of caiman
meat in the region is inexpressive when compared to
the Central Amazon (Da Silveira and Thorbjarnar-
son 1999), probably due to the lower local abundance
of this taxon in the region. Therefore, this makes
them less prevalent in the bulk of taxa consumed by
hunters. This result corroborates that of Mayor et al.
(2022), who found a similar inverted-U relationship
between species body mass and wild meat biomass
traded in Amazonian markets.

The predominance of shotguns as the main hunt-
ing technique in all communities reinforces the role
observed in recent decades of the widespread incor-
poration of modern technological resources in hunt-
ing practices by urban and rural residents, traditional
or non-traditional peoples, throughout the Neotrop-
ical region (Swamy and Pinedo-Vasquez 2014; Bar-
boza et al. 2016). Together with other equipment
(e.g., flashlights, motorized land or water vehicles),
shotguns can be used in day and night journeys, in-
creasing the scope and frequency of hunting (Redford
and Robinson 1987). This explains the non-selective
character of this technique, which is used for virtu-
ally all birds and several mammal species. The pop-
ularity of firearms is ultimately in line with other
socio-economic transformations in the Amazon, with
an increasing access to urban goods (e.g., due to in-
come growth, highway expansion, among other fac-
tors) (Godoy et al. 2010). These transformations ex-
ert a strong influence on the consumption of wildlife,
as well as facilitate the acquisition of equipment such
as motor vehicles, firearms and ammunition (Godoy
et al. 2010).

On the other hand, the maintenance of the use of
certain hunting techniques may be a consequence of
the specificity of some target species to certain habi-
tats and, to a certain extent, the perception of the
effectiveness of these techniques (e.g., Tavares et al.
2020). Our findings are consistent with studies on
hunting patterns among traditional or urban people
in the tropics, which showed that, in addition to the
aforementioned factors, some traditional strategies,
including traps or silent felling tools, are employed to
avoid detection of enforcement agents (where law en-
forcement is present) or to prevent the escape of tar-
get species (Barboza et al. 2016; Rogan et al. 2017;
Loke et al. 2020).

Although the Amazon biome is one of the
most studied biomes in Brazil in terms of hunting
(Fernandes-Ferreira and Alves 2017), floodplain re-
gions are usually neglected in terms of hunting re-
search. Therefore, further studies in other floodplain
ecosystems across the Amazon are needed to increase
the understanding of the particularities of hunting
profiles occurring in these areas. Considering that our
study area was located in two distinct environments,
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one more inland in the floodplain and the other more
on the edge, it would be possible that the selection
of species could respond to their availability in the
environment.

Implications for conservation

Although six of the hunted species were threat-
ened with extinction, four of them (white-lipped pec-
cary, manatee, big-headed Amazon river turtle and
black curassow) were cited only eight times in total,
which shows that wild meat consumption in our study
area targets mostly species of lower conservation con-
cern. Nonetheless, there are several aspects which de-
serve consideration. A key point is that species listed
as non-endangered in governmental or international
databases can be locally endangered or near to extir-
pation (Ocampo-Penuela et al. 2016). Size of human
settlements, rates of use of wild meat as sources of
protein and status of wildlife populations in source
areas are aspects that need constant evaluation.

Beyond their importance as food for local peo-
ple, a large set of game species in Amazon flooded
areas perform important ecosystem services, such as
seed dispersal. This is particularly true for river tur-
tles (Laso 2009; Falcon et al. 2020). The harvest
of eggs and adults of turtles without well-established
management rules can result in critical population
reductions with the consequent loss of services that
guarantee forest regeneration, as well as affect the
livelihood and food security of local human popula-
tions. Community-based management initiatives for
the protection of chelonian nesting beaches have al-
ready showed to positively affect the recovery of river
turtle populations in several areas of the Amazon
(Miorando et al. 2013), and we advocate that these
should be a priority to be implemented in our study
area.

Understanding the consumption and trade pat-
terns of wild meat, as well as the hunting dynamics of
local communities, can be an important step to tack-
ling socio-ecological problems and improving the con-
servation of target species. Communities with bet-
ter socio-political organization can be seen as poten-
tially more concerned with maintaining biodiversity
because they often have mechanisms of community
agreements to regulate the exploitation of natural re-
sources (Wali et al. 2017; Constantino 2019). Studies
have reported more sustainable management of flood-
plain species, such as capybara and turtles, in commu-
nities with a higher level of sociopolitical organization
in the Amazon (see Barboza 2012 and Pezzuti et al.
2018). Good examples of community-based manage-
ment include giant arapaima fish (Arapaima gigas)
in the Amazon, which enabled sustainable commer-
cial exploitation of the species along with the recov-
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ery of its populations (Freitas et al. 2019) and the
collective fishing agreements adopted by some com-
munities in the Eastern Amazon region (McGrath et
al. 2008; Barboza 2012; Miorando et al. 2013). Simi-
lar initiatives could be employed for hunted species in
our study area, aiming at the conservation of hunted
species and taking into account the nutritional and
financial needs of local people.

Wildlife trade takes place informally in all com-
munities and is neglected by legislative and environ-
mental protection bodies. Trade of wild meat is pro-
hibited by law in Brazil (Law No. 5.197/1967), while
consumption of wildlife for subsistence, although tol-
erated, is only vaguely defined in the current legal
framework. As highlighted by Antunes et al. (2019)
there is a need to revise and redefine subsistence hunt-
ing in legal frameworks, taking into account the re-
ality of communities of the modern Amazon. It is
important to highlight, however, that our data were
collected 10 years ago and was based on a relatively
small sample size, which limits our analytical infer-
ence. Hunting, trade and socio-ecological systems are
dynamic, and may be influenced by a myriad of fac-
tors, such as changes in economy, legislation and en-
vironment. This is particularly true for flooded envi-
ronments. For instance, Bodmer et al. (2018) showed
that climate change has been causing great impacts
on the abundance of hunted wildlife in floodplains of
the Peruvian Amazon. In addition, the conservation
status of some species has changed since the period
of our data collection, such as for the white-lipped
peccary (Tayassu pecari), which shifted from Least
Concern to Vulnerable. Therefore, we recommend
caution while interpreting our findings, and we claim
that evaluation of the current conditions of hunting
in our study area and periodic assessments should be
undertaken to measure if and how these studies match
or differ from our results.

CONCLUSION

In this study, we concluded that in floodplains
of the lower Amazon River, different taxa are used
by hunters, and the rates of use per taxon vary ac-
cording to the body mass of the species. Regard-
less of the environment and season, the capybara
Hydrochoerus hydrochaeris was the most cited species
and one of the most traded one. Hunters are prob-
ably selectively hunting this species due to its con-
stant availability over the year and the high return
rates in terms of meat per captured individual. Rep-
tiles represented 75% of the cited traded animals,
with both their meat and eggs being sold. As trade
in wild animals is prohibited in Brazil and these
species are threatened with extinction, strategies to
better manage hunted species in these study areas are
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needed. This demonstrates the importance of devel-
oping tailored sustainable use of resources through
co-management initiatives, aiming at the conserva-
tion of game species and the continuity of this im-
portant activity for local populations of Amazonian
floodplains.
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