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1. Introduction

Peru is a mega-diverse nation (Rodriguez and Young, 2000), and an important wildlife trade hotspot in the Latin America
region (Reuter et al., 2018). Wildlife trade in Peru involves numerous species across taxonomic groups including amphibians
(Quevans et al., 2013), birds (Daut et al., 2015), invertebrates (SERFOR, 2016), reptiles (Pineda-Catalan et al., 2012), and
mammals (Bodmer and Lozano, 2001). The exploitation of wild animals for their meat is the most common use of wildlife in
Peru (Bodmer et al., 2004), which can be an important source of fats and nutrients, particularly for people living in rural
rainforest areas (Asprilla-Perea and Diaz-Puente, 2019). However, wildlife also provides the raw materials for zootherapeutic
remedies and for use in magico-religious rituals in the form of amulets and charms (Venero, 1998). In comparison, the ex-
ploitation of wild animals as exotic pets is considered to represent a smaller component of the wider wildlife commerce in Peru
(Bodmer and Lozano, 2001). Yet, a thriving domestic market persists (Daut et al., 2015). Peru is recognised as one of the most
active exporters of live wild animals, traded annually to meet international consumer demand (Can et al., 2019). In addition,
another relatively small, yet substantial, fraction of the wildlife commerce in Peru is directed towards tourists who purchase
animal derivatives (Bodmer and Lozano, 2001), or pose with wild animals for photographs (D’'Cruze et al., 2018), as souvenirs.
Beyond its potential nutritional, medicinal, luxury, and socio-cultural significance for human societies, for many Peruvian
rainforest residents, the harvest of wild animals can represent an important source of financial security (Espinosa, 2008).

However, despite these potential benefits, the trade of wildlife in Peru is poorly regulated and can have unexpected and
undesired outcomes (Dutton et al., 2013). For example, from a conservation perspective, unsustainable hunting threatens both
the survival of wild species and the financial income of the region’s poorest citizens in the long-term (van Halle, 2002); with the
trade of wild meat to supply urban markets considered an on-going major issue of concern (Zapata-Rios et al., 2009). There are
also substantial consequences for animal welfare as the potential for suffering exists at each stage of the trade chain, including
capture, captive breeding, transport, slaughter or private ownership (Baker et al., 2013). This, in turn, poses a risk to public
health, particularly in scenarios where animals have endured debilitating conditions that compromise their immune systems
and that promote disease transmission, such as when they are packed in dirty cages in close proximity to other species
(Watsa, 2020). Markets selling wildlife in open-air environments with little to no health safety precautions or sanitation
measures are common in Peru (Leberatto, 2017), and have become of particular concern since the emergence of COVID-19
(Aguirre et al., 2020).

A major challenge in addressing wildlife trade is identifying the species that are most at risk and require immediate con-
servation attention (D'Cruze et al., 2020). To this end, species-focused surveys can be valuable at markets where wildlife and
their body parts are sold (Harris et al., 2015). The trade in wildlife in Peru is thought to be significant and widespread
(Leberatto, 2017). However, many aspects remain poorly understood with specific data having been reported in the scientific
literature for a relatively few select urban wildlife markets. To date, such research has focused on the cities of Chiclayo, Ica, Lima,
Piura, Tumbes, and Trujillo in the coastal lowlands; Arequipa, Cusco and Puno in the Andes; and Iquitos, Pucallpa, Puerto
Maldonado, and Yurimaguas in the Amazonian lowlands (see e.g., Bodmer and Lozano, 2001; Daut et al., 2015;
Gastafiaga et al.,, 2011). These existing studies provide useful insights into the wildlife trade and highlight the need for addi-
tional data on the species most used, the nature of their use, and the socio-economic importance of the trade. Together this
information can help to identify those species that might be threatened by over-exploitation, subject to inhumane use, or pose a
particular threat to public health.

The Belén Market, located in Iquitos, is considered to be the largest and most important open market selling wildlife in the
Peruvian Amazon (Mayor et al., 2019). This market is known to trade in a wide variety of wildlife products obtained from the
rainforest, primarily wild meat (Bodmer and Lozano, 2001), but also traditional medicine, and exotic pets (Mayor et al., 2019).
Wildlife is typically sold to urban market vendors, restaurants, or consumers directly by local hunters or by middlemen
(Mayor et al., 2019). However, wild meat typically represents a traditional and/or luxury dish for most urban consumers in
Iquitos, rather than a daily staple such as domesticated chicken and fish (Mayor et al., 2019). In addition to Belén, smaller open-
air markets also contribute to the wider wildlife trade network in and around Iquitos. Given that wildlife is traded openly in the
Belén and other nearby markets in and around Iquitos, in this study we used a dataset collected from wildlife sellers therein to
gain insight into the diversity of wild animal species being sold. In particular, we sought to identify: (1) those species perceived
to be most commercially profitable by traders (i.e., those that generate the most money on an annual basis, as opposed those
that are most expensive per item), both in terms of live animals and their body parts; (2) those species deemed to have
increased most in rarity; and (3) information on the circumstances under which traders sell wildlife and their reasons for
doing so.

2. Methods
2.1. Data collection

Structured surveys based on a set of predetermined questions [including open-ended, closed, and multiple-choice questions
(see Appendix A1)] were carried out with vendors at Belén, Maynas, Modelo, San Carlos, and Venecia markets (3° 42’ 11”- 4° 30’
217S,73° 14’ 28" - 73° 34’ 16” W) between January 30th and March 28th, 2019. The surveys were conducted by two researchers
in Spanish and later translated into English. Vendors who were willing to participate in the study were identified through a
process of chain referral (Newing, 2011), whereby participants recommended other potential participants or asked others to
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take part. In accordance with the British Sociological Association Statement of Ethical Practice (BSA, 2017), informed consent
was obtained verbally from every survey participant prior to the interview, participants were made aware of their rights to
voluntarily participate or to decline, no identifying participant or household data were collected and the database collated was
entirely anonymous. In addition, vendor stands were coded in the database and names not reported to further protect study
participants from harm or discrimination (John et al., 2016).

Specifically, vendors were asked to identify and rank the 10 wild animals (using local common names) that they currently
considered to be the most profitable (as opposed to most valuable per item or most commonly traded, with wildlife body parts
and live animals considered separately), and the 10 wild animals that they considered to have most increased in rarity (and
therefore inferred reduced availability) over the past five years (corresponding to the period 2014-2019). Common names
relating to taxonomic class (e.g., bird and mammal) or below were included in the analysis of the survey responses, but were
excluded when considering conservation status. Vendors were also asked to provide additional information including the
wildlife body parts sold, their minimum and maximum price, estimated number of units sold (in the last year, last five years and
last 10 years) and their intended purpose [which were categorised as “food” (wild meat and other nutritional use), “pets” (live
companions or pest control), “spiritual” (e.g., items to invoke magic, good luck and prosperity), “medicinal” (ingested or topical
treatments for illness) and “decorative” use (aesthetic purposes or clothing)]. Where multiple purposes were cited for one
species, they were classed as “multiple”.

For wildlife, local common names provided by vendors in Spanish were translated into English. A list of inferred species and
their respective scientific names were assigned to each common names based on the documented presence of wild species in
Peru, according to the International Union for Conservation of Nature Red List of Threatened Species (IUCN, 2020) (hereafter the
IUCN Red List). For all species [excluding names relating to taxonomic class or above (which were considered too broad, e.g.,
“bird” and “mammal”) and any common names relating to invertebrates and fish (given a relative lack of Red List data relating
to these taxonomic groups)], information regarding their conservation status and population trend was also gathered from
global species assessments on the IUCN Red List because comprehensive national level assessments are not yet available for
Peru. Threat status was recorded in accordance with the 2001 IUCN Red List Categories and Criteria system (version 3.1) as
Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least Concern (LC) or Data Deficient (DD).
For all species, information regarding their international legal trade status was gathered from the Convention on the Inter-
national Trade in Endangered Species of Wild Fauna and Flora (CITES) website (https://www.cites.org).

2.2. Data analysis

We used descriptive statistics to summarise the demographic data collected for each respondent to provide a socio-eco-
nomic overview of the traders at Iquitos. Monetary values were reported in Peruvian Nuevo Soles and converted to US dollars
(USD) using 1 USD = 3.30 Nuevo Soles (conversion rate as of 28.02.19, the midpoint of the surveys, https://www.xe.com).

Due to inconsistency in the number of responses from participants for the questions “most profitable species - body parts”,
“most profitable - live wild animal sales”, and “species that have become extremely rare and/or unavailable” (e.g. we asked
respondents to list 10 most profitable species but some respondents listed fewer than 10), only the top answers were con-
sidered for the main analysis, however all responses were used when considering conservation and population status. The top
ranked species for the responses to the questions “most profitable species - body parts”, “most profitable - live wild animal
sales”, and “species that have become extremely rare and/or unavailable” were used to examine the distribution of responses
across species, body part, and purpose. Chi-square goodness of fit test was used to test if frequencies were evenly split across
categories. All 10 possible species listed per question per respondent were then used to construct a matrix of species per
question and purpose.

The sum rank of each species was calculated across all responses per question and then each species was ranked based on
this value. Species ranking across the three questions were then correlated using a Spearman Rank correlation to look at the
relationship between questions. All data analysis was undertaken in R version 4.0.2 (R Core Team, 2020).

3. Results
3.1. Demographic data

Surveys were conducted with 99 respondents (49 males and 50 females), ranging between 18 and 75 years in age [mean
(+1 SD) = 42 years old (+14.4)]. The number of people declared by vendors to live in their households ranged from 1 to 15
individuals (mean = 4.8 + 2.4), with the number of children in a household ranging from none to 9 (mean = 3.0 + 1.9). Over half
(53%, n = 52) of respondents owned at least one pet; 50 respondents reported owning at least one domesticated species, and 3
respondents reported having a wild (i.e., non-domesticated) species. In terms of marital status, most (37%, n = 37) individuals
were ‘married’, ‘single’ (28%, n = 28) or ‘cohabitant’ (24%, n = 24), with the remaining respondents being ‘widows/widowers’ (8%,
n = 8), ‘married polygamists’ (1%, n = 1) or in a ‘free union’ (1%, n = 1). Most (79%, n = 78) respondents did not provide any
information regarding their ethnicity. However, 10% (n = 10) identified themselves as Riverine, 8% (n = 8) stated that they did not
identify with any ethnicity, 2% (n = 2) identified as Kukama, and 1% (n = 1) as being of ‘Chinese descent’. Respondents were
predominantly from the district of Belén (73%, n = 72) and Mainas (11%, n = 11), with the majority (71%, n = 73) reporting that
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they were born in villages therein. Religion was predominantly ‘Catholic’ (59%, n = 58), followed by ‘Evangelical Christian’ (12%,
n = 12), and ‘Christian’ (4%, n = 4).

Respondent education level was variable; 54% (n = 53) were educated to secondary school level, 27% (n = 27) to higher
education level, and 15% (n = 15) to primary school level. One individual reported receiving a technical education (i.e., occu-
pation-specific rather than general education). Almost all (96%, n = 95) respondents reported some form of employment, but
most (75%, n = 74) relied solely on trade as their source of income, and the remainder (25%, n = 24) supplemented their income
with a secondary source of income. With regards to their primary source of income, 23% (n = 22) of respondents reported
operating a ‘food stall’, 21% (n = 20) reported wild meat sales, 7% (n = 6) reported medicinal product sales, and 18% (n = 17)
reported selling a range of products (such as vegetables, domesticated meat, eggs, fish, clothes, souvenirs, and electronic de-
vices). The mean estimated annual income per household was 84,444 USD ( = 10,330; median = 6049) and ranged between 907
and 695,702 USD, with 66% (n = 65) of respondents reporting that they considered their business to be lucrative. On average,
respondents had been selling animal parts for 16.9 (x11.5) years (range = < 1-41 years).

3.2. Species and product diversity

Overall, during our survey, the 99 respondents used 44 distinct different common names to refer to the wildlife species
traded, comprising of 8 common names referring to birds (18% of total number of distinct names); 23 to mammals (52%); and 13
to reptiles (29%) (Fig. 1). Across all species and product types, at the time of asking, live wildlife and their derivatives sold for a
maximum of 907 USD for a whole jaguar (Panthera onca) specimen and 454 USD for a jaguar skin (Appendix A2). When
considering all common names (n = 39) provided by 77 respondents relating to animal derivatives sold (Appendix A2), a
significant positive correlation was found between the declared most profitable species and those that were stated as becoming
increasingly rare (Spearman’s rho = 0.78, P < 0.001). However, no significant correlation was found between most profitable
and live animals ranks (rho = 0.17, P = 0.525) and between those species becoming rare and live animals ranks (rho = -0.25,
P =0.341).

A complete breakdown (including species, body part, unit of sale, frequency of response, and reported price) of all species
mentioned by vendors during the survey can be found in Appendix A2. Here, we report only on the most frequently mentioned
common names in relation to the most profitable animal derivatives, most profitable live animals, and the animals that have
increased most in rarity from the vendors’ perspective.

3.3. Most profitable animal derivatives

The most frequently mentioned common names for the ‘ten most profitable wildlife species sold following slaughter’ [when
considering only the top ranked responses (18 common names from 77 vendors)] were ‘lowland paca’ (Cuniculus paca) (44%,
n=34), followed by ‘yellow footed tortoise’ (Chelonoidis denticulatus) (10%, n=8), ‘collared peccary’ (Pecari tajacu) (9%, n=7),
and ‘common boa’ (Boa constrictor) (9%, n=7) (Fig. 2; Appendix A3). The frequency of species listed as the most profitable
animal derivatives was not evenly distributed amongst vendors (X? = 224.8, df = 16, P < 0.001). A total of 12 different body parts
related to these particular common names with ‘meat’ being most frequently cited (Fig. 2). Across all market locations surveyed,
the most frequently cited purpose of sale of animal derivatives was as ‘food’ (82%, n=63), followed by ‘spiritual’ (9%, n=7)
‘medicinal’ (5%, n=4), and ‘decorative’ (3%, n=2) [the purpose of sale was not evenly distributed amongst vendors (X> =200.4,
df=4, P < 0.001)] (Fig. 2). Animal derivatives mentioned in relation to ‘food’ included ‘meat’, ‘spine’, ‘ribs’, ‘liver’, ‘eggs’, ‘car-
apace’, ‘penis’, ‘tail’, ‘whole specimen’, and ‘horns’. A total of 22 respondents did not list a purpose for the sale of animal
derivatives. The most expensive individual items were derived from ‘river dolphin’ (Inia geoffrensis) (151 USD per genitalia),
‘common boa’ (151 USD per skull), and ‘black caiman’ (Melanosuchus niger) (60 USD per skull) (Appendix A3). A breakdown of
species sold as animal derivatives, and their purposes, across the different market locations surveyed is shown in Appendix A3.

3.4. Most profitable live animals

The most frequently mentioned common names for the ‘ten most profitable wildlife species sold while alive’ [when con-
sidering only the top ranked responses (10 common names from 17 vendors)] were ‘parakeet’ (Psittacidae) (18%, n = 3), followed
by ‘common Boa’ (18%, n=3), ‘squirrel monkey’ (Saimiri spp.) (12%, n=2), ‘parrot’ (Psittacidae) (12%, n=2) and ‘sloth’ (Folivora)
(12%, n=2) (Fig. 3). The frequency of species listed as the most profitable live animals was evenly distributed amongst vendors
(X?=3.6,df=9, P=0.936). Across all market locations surveyed, the most frequently cited purpose of sale of live animals was as
‘pets’ (68%, n=13), followed by ‘food’ (11.8%, n=2) (Fig. 3) [the purpose of sale was not evenly distributed amongst vendors
(X? =24.2, df =3, P < 0.001)]. The most expensive live animals sold were ‘common boa’ (90.7 USD per animal), ‘scarlet macaw’
(Ara macao) (30.3 USD per animal), and ‘parrot’ (22.2 USD per animal) (Fig. 3; Appendix A2).

3.5. Increased rarity (animal derivatives and live animals)
The most frequently mentioned common names for the ‘ten species which have become either ‘extremely rare or un-
available’ in the last five years’ [when considering only the top ranked responses (23 common names from 74 vendors)] were

‘lowland paca’ (12%, n=9), followed by ‘deer’ (Cervidae) (11%, n=8), ‘yellow-footed tortoise’ (12%, n=9) and ‘jaguar’ (8%, n=6)
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Fig. 2. (a) Frequency of responses for species cited as most profitable for wild animal body parts split by the associated purpose categories. (b) Frequency of
species as most profitable for body parts split by body part. Values in each cell represent the mean sale price in USD for this species by body part.

(Fig. 4). The frequency of species listed was not evenly distributed amongst vendors (X? =45.9, df=22, P=0.002). Across all
market locations surveyed, the most frequently cited purpose of sale of species perceived as becoming rarer in the last 5 years
was as ‘food’ (85%, n=61), followed by ‘decorative’ (10%, n=7), ‘spiritual’ (4%, n=3), ‘pet’ (3%, n=2) and ‘medicinal’ (1%, n=1)
(Fig. 4) [the purpose of sale was not evenly distributed amongst vendors (X? = 181.7, df = 4, P < 0.001)]. The most expensive rare
animals sold were ‘jaguar’ (121 USD per animal), ‘snake’ (Serpentes) (45 USD per animal), and ‘common boa’ (30 USD per
animal) (Fig. 4; Appendix A2).

3.6. Conservation status

Overall, we estimate that the 44 distinct common names provided by vendors to refer to the wildlife species traded [ex-
cluding invertebrates (e.g., ‘ants’), fish, and common names that refer to level of taxonomic class (e.g., ‘birds’)] potentially refer
to at least 205 different extant species in the forest habitat of Peru, including 39 birds (Aves), 63 mammals (Mammalia) and 103
reptiles (Reptilia) (assuming that a common name could refer to multiple species in the same taxa, for example, order, family or
genus) (Appendix A4). With regards to international conservation status, 4 (2%) of these species are currently considered to be
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Fig. 3. Top cited most profitable live wild animal species sold split by purpose. Values in each cell represent the mean sale price in USD for this species by purpose.

Endangered [Amazon river dolphin, black spider monkey (Ateles chamek), silvery woolly monkey (Lagothrix lagothricha ssp.
poeppigii), and white-bellied spider monkey (Ateles belzebuth)], 15 (7%) are Vulnerable, 11 (5%) are Near Threatened, 160 (78%)
are Least Concern, 9 (4%) are Data Deficient, and 4 (2%) are Not Evaluated [matamata turtle (Chelus fimbriata), Boa constrictor
spp., Boa c. constrictor, and green anaconda (Eunectes murinus) (Appendix A4)].

With regards to their population trends, one (<1%) inferred species [the dusky-headed parakeet (Aratinga weddellii)] has wild
populations considered to be increasing, 85 (42%) have wild populations that are stable, 71 (35%) that are decreasing, and 48 (23%)
have an unknown population status (Fig. 5; Appendix A4). With regards to international legal trade status, 9 inferred species are
currently listed on CITES Appendix I, 2 species have populations listed on Appendix | and Appendix II [jaguarundi (Herpailurus
yagouaroundi) and black caiman], 56 species are listed on Appendix II, 2 species are listed on Appendix III [lowland paca, white-tailed
deer (Odocoileus virginianus), and South American coati (Nasua nasua)], and 132 species are not currently listed on any of the CITES
Appendices (see Fig. 5; Appendix A4). Vendors also inferred an additional 13 species (6%) that are not currently considered as
threatened (according to the IUCN Red List), but have greatly increased in rarity from their perspective (Fig. 4).

4. Discussion

Our study provides new insights into the diversity and potential use of wildlife being offered for sale at the urban markets in
Iquitos, which arguably represent the largest and most important wildlife trade hub in the Peruvian Amazon. In identifying the
species involved that are potentially threatened by over-exploitation due to population trends and/or their perceived increased
rarity in recent years, our findings represent valuable information that can be used to help inform future efforts to protect
wildlife in the surrounding areas of Peru.

4.1. Urban meat & fish sales

During our study, we found that “food” was the most frequently stated purpose of sale of wild animals by vendors in Iquitos
(when asked to name wild animals that they deemed to be the most profitable in terms of their derivatives), and some of the
most frequently identified taxa were mammal species, such as the lowland paca and collared peccary [which were just two of
the six different local names provided during this study relating to mammals, potentially corresponding to an estimated nine
species (Appendix A4)]. These findings support existing research that has previously reported urban wild mammal meat sales in
Iquitos as an important source of income locally (e.g., see Bodmer and Lozano (2001), Mayor et al. (2019)). In the late 1990s, for
example, Bodmer and Lozano (2001) documented 16 mammalian species being sold, equating to 72,972 kg of wild meat sales in
1996 alone, and with an estimated value of 250,268 USD at that time. More recently, Mayor et al. (2019) reported on the wild
meat sales of seven mammalian species; with reported sales equating to 288,336 kg of wild meat between 2017 and 2018, and
with an estimated value of approx. 1,741,730 USD. According to their study, between 2006 and 2007, meat of the collared
peccary and paca was the most traded, while the white-lipped peccary, brocket deer (Mazama sp.), capybara (Hydrochoerus
hydrochaeris), and South American tapir (Tapirus terrestris) had intermediate sales rates, and Woolly monkey (Lagothrix sp.) had
the lowest sale rate (Mayor et al.,, 2019). It is important to note that our study focused on gaining insight into the diversity of
(and most profitable) wildlife being offered for sale by the vendors in Iquitos, rather than the most traded species.
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Fig. 4. Frequency of responses for species cited as becoming rare or unavailable in the last five years, split by (a) the associated purpose, and (b) body part.
Values in each cell represent the mean sale price in USD for this species by body part.

However, our study confirms that beyond mammals, a much wider array of species across other taxonomic classes is being
sold for food at the urban markets in Iquitos. Specifically, 9 different local names relating to reptiles [potentially corresponding
to an estimated 13 species (Appendix A4)] sold as food were provided by vendors during this study. In particular, three reptile
related common names [‘yellow footed tortoise’, ‘caiman’™ (Alligatoridae sp.), and ‘yellow spotted river turtle’ (Podocnemis
unifilis)] were among those most frequently provided by vendors when questioned on the most profitable wildlife species sold.
In a previous study, van Vliet et al. (2014) also noted that chelonians such as the yellow-footed tortoise are sometimes more
frequently traded as a food source than other mammal species in Peruvian markets due to local consumption preferences
(van Vliet et al., 2014). In addition, several common names relating to fish [including ‘black prochilodus’ (Prochilodus nigricans),
‘oscar’ (Astronotus ocellatus), ‘piraracu’ (Arapaima sp.), ‘piranha’ (Serrasalmidae sp.), and ‘tambaqui’ (Colossoma macropomum)]
were identified as being among the most profitable types of wild animal being sold for food.

4.2. Decoration and belief-based sales
Our study also confirms that, in addition to wild meat and fish, the live sale of wildlife and derivatives for decoration and
belief-based use remains an ongoing source of economic income in Iquitos. During our study, “decorative” and “belief-based”

use were frequently stated as the purpose of sale by vendors when asked to name wild animals that they deemed to be the most
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Fig. 6. Top right, live parakeet (Psittacidae sp.) intended for commercial sale; top left yellow footed tortoise (Chelonoidis denticulata) meat intended for
commercial sale; bottom left caiman head (Alligatoridae sp.) intended for commercial sale; bottom right deer meat (Cervidae sp.) intended for commercial sale,
Iquitos, Peru. Images Fernando Carniel Machado/World Animal Protection.

profitable in terms of their derivatives. With regards to decorative use, “parrots” were identified as being one of the most
profitable types of wild animal. Specifically, vendors referred to the use of the feathers that are sold to both regular customers
and to tourists as souvenirs. Interestingly, none of the most profitable wild animal species identified by vendors were being sold
due to consumer demand for their pelts and skins, despite this being previously identified in the scientific literature as being a
profitable endeavour (Bodmer and Lozano, 2001). Whether this is in response to increased enforcement activity, decreased local
consumer demand, or diversion to meet international consumer demand (e.g., see Bodmer et al. (2004), Fang and Bodmer
(2011)) warrants further investigation.

With regards to belief-based use, the ‘Amazon river dolphin’ (Inia geoffrensis) was identified as a highly profitable wild
animal. Specifically, vendors referred to the use of the dolphin’s sexual organs and eyes, along with other ingredients, to create
an aphrodisiacal perfume called “pusanga” [a generic name for a belief-based item used to retrieve or increase luck, ensure
seduction or neutralise it when its misuse has caused harm (Shepard, 2016)]. However, the ‘common boa’ and ‘caiman’ were
also frequently identified as being profitable, with the preserved and decorated heads of both (and juveniles of the latter) sold
as amulets for protection and prosperity, and also reportedly used to draw the attention and curiosity of passers-by (Fig. 6). The
‘South American palm weevil’ (Rhynchophorus palmarum) was also identified as being a particularly profitable form of income,
with customers purchasing the larva for use as a health supplement [due to their rich content of vitamins A and E, and other
minerals (Cerda et al., 2001)].

Animal parts have historically been sold as jewellery, souvenirs and for medicinal/spiritual purposes in Iquitos (Bodmer and
Lozano, 2001; Figueroa, 2014; Laso, 2009; Robinson and Redford, 1991). For example, in the late 1990s, Bodmer and Pezo Lozano
(2001) reported the illegal sale of mammalian products, such as pelts, skulls, and teeth from jaguars (Panthera onca), ocelots
(Felis pardalis), and pumas (Puma concolor) in the tourist markets of Iquitos. They described this trade as being “rather small”
and directed toward U.S. military personnel, who purchased jaguar products (Bodmer and Lozano, 2001). However, a new wave
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of illegal trade in jaguars has been detected in the recent years (Morcatty et al., 2020), linked to Chinese demand for their teeth,
that has been causing an increase in exploitation rates of the species and may threaten jaguar populations. Among the 19
Central and South American countries evaluated, Morcatty et al. (2020) concluded that Peru was the country with the third
highest number of seized jaguars. Jaguar body parts have also been found frequently on sale to tourists in Iquitos and Pucallpa
(Braczkowski et al., 2019). Furthermore, another recent investigation into the commerce of Andean bears (Figueroa, 2014)
described how some cubs are traded as pets across the rainforest and highlands. Many bears are sacrificed once they become a
nuisance, with their body parts utilized for medicinal purposes (Figueroa, 2014).

4.3. Pet sales

Our study also confirms that the sale of live wild animals remains an ongoing source of economic income in Iquitos. During
our study, “pets” was the most frequently stated purpose of sale by vendors (when asked to name wild animals that they
deemed to be the most profitable in terms of live sale), and some of the most frequently identified taxonomic groups were
common names relating to ‘parrots’, ‘primates’, ‘sloths’, ‘agouti’, ‘caiman’, and ‘snakes’. Interestingly, our study found that,
although they were sold alive, ‘yellow-footed tortoises’ are often intended for use as food, rather than for use as exotic pets, with
customers slaughtering these reptiles themselves (although vendors are also known to commonly receive live tortoises,
slaughter and sell their parts on the market stalls too). In addition, many vendors stated that ‘common boas’ were sold primarily
due to their ability to serve as “pest control” (i.e. via the predation of rodents).

Our findings support previous research reporting on the trade of live wild animals in Iquitos as a component of the wider
wildlife commerce in Peru. For example, more than 40 years ago, it was reported that 130 live species were being exported out
of Iquitos annually (Dourojeanni, 1974). However, in the late 1990s, Bodmer and Lozano (2001) reported that the live trade in
mammals was not a major economic activity and included only a small proportion of the total number of mammals being sold
there. For example, they found that the largest legal trade in live mammals (the trade of primates for biomedical research) only
accounted for an estimated 2% of the primates being sold (Bodmer and Lozano, 2001). It is noteworthy that none of the vendors
in our study described the sale of live primates as being a profitable endeavour. More recently, in the Belén market, Paredes and
Mejia (2010) reported 60 descriptive common names regarding live animals that were available for sale at that time as pets,
with the most frequently observed taxonomic groups sold (generally juvenile specimens) being parrots, primates, sloths, owls,
agouti caiman, freshwater turtles and tortoises (Paredes and Mejia, 2010). A recent review of impounded wildlife in Lima also
found that 81,564 animal products and 17,932 live animals were confiscated from 2000 to 2007 (Quevans et al., 2013).

4.4. Conservation concerns

Our study reiterates conservation concerns associated with the current commercial sale of live wild animals and their
derivatives in Iquitos (e.g., Quevans et al. (2013)). According to the IUCN Red List, a considerable proportion of the wild animals,
thought to be sold in Iquitos, are already considered as threatened (9%; 19 inferred species) (Appendix A4). In particular, some of
the common names provided by respondents refer to a single identifiable species of current conservation concern globally,
including the ‘Amazon river dolphin’ (which is currently classified as Endangered), and five species [the ‘manatee’ (Trichechus
inunguis), ‘tapir’ (Tapirus terrestris), ‘white lipped peccary’, ‘yellow footed tortoise’, and ‘yellow spotted river turtle’] that are
currently classified as Vulnerable (IUCN, 2020). For these species, already considered at higher risk from extinction, even re-
latively low-level trade (as reported for pets or for belief-based use) can have highly detrimental impacts on their conservation
status. In addition to this, our findings also indicate a positive relationship between the declared most profitable species and
those that were stated by vendors as becoming increasingly rare. This suggests that the higher value wildlife species on sale at
the markets in Iquitos are potentially at a greater risk from extinction.

Furthermore, it is concerning that at least 12 of the species identified in this study (inferred from the common names
provided by vendors) are considered at a higher risk from extinction nationally [according to the Peruvian Red List 2018
(SERFOR, 2018)] than globally (according to the IUCN Red List) (Appendix A4). Notably, of the species identified, the big-headed
Amazon River turtle (Peltocephalus dumerilianus) is considered to be Critically Endangered in Peru but is currently listed as
Vulnerable on the IUCN Red List, and the red-chested mustached tamarin (Saguinus labiatus), common woolly monkey
(Lagothrix lagothricha), South American River turtle (Podocnemis expansa) and dwarf caiman (Paleosuchus palpebrosus) are all
considered Endangered on the Peruvian Red List (2018) but either have a Vulnerable, Least Concern, or Unspecified conservation
status globally (Appendix A4). Also of note is that the body parts of the Amazon river dolphin were found to be a particularly
expensive individual item sold for spiritual/belief-based use (151 USD per genitalia), and this species was also among those
perceived to have increased most in rarity in recent years. Yet, although the Amazon river dolphin is currently considered
Endangered globally with decreasing populations in the wild, it’s conservation status within Peru is unknown (Data Deficient)
(SERFOR, 2018).

In addition, vendors’ inferred trade in an additional 71 species (35%) that are not currently listed on the IUCN Red List as
threatened but have wild populations that are considered to be in decline (Appendix A4). In particular, some of the common
names provided by respondents refer to a single identifiable species, including the ‘jaguar’ which is currently considered as Near
Threatened but is listed on CITES Appendix I, and several mammal species (including the ‘lowland paca’, ‘deer’ and ‘collared
peccary’) which are currently classified as Least Concern but which have been identified to be at risk of local extirpations due in
part to unsustainable hunting for their meat to feed urban clientele (Mayor et al., 2019). Vendors’ also inferred trade in reptile

1



N. D'Cruze, EE.R. Galarza, O. Broche et al. Global Ecology and Conservation 28 (2021) e01631

species that are not considered to be globally threatened or to have wild populations in decline, but that have greatly increased
in rarity from the vendors’ perspective, such as ‘caiman’ and ‘common boa’ (Fig. 1). According to the Peruvian Red List (2018),
the dwarf caiman (Paleosuchus palpebrosus) and the subspecies of Boa constrictor, Boa constrictor ortonii, are considered to be
Endangered in Peru, which could explain the perceived increased rarity of such animals by traders. For these taxa, arguably
caution should also be applied to their on-going commercial exploitation at current levels given the potential for local
extirpations.

4.5. Animal welfare & public health

Our research also draws attention to the animal welfare concerns associated with the current commercial sale of live wild
animals and their derivatives in Iquitos. Capture methods of particular concern that have been documented in the Amazon
region include the use of harpoons to capture Amazon river dolphins (Alves et al., 2012), tree felling to aid the collection of live
sloths (Daly, 2017), and multiple gun shots to kill jaguars (Jedrzejewski et al., 2017). In many cases, the captured wildlife remains
alive during transport that can involve physical restraint (e.g., in plastic bags) (Daly, 2017) before they reach vendors several
days later. During survey work in Iquitos, researchers observed slaughter methods (e.g., decapitated snakes) and captive
conditions (e.g., small barren dirty cages, cloth bags and plastic buckets often out of sight from visiting customers) that raise
substantial animal welfare concerns. In addition, from a public health perspective, given the diversity of wildlife products
available for sale, apparent lack of appropriate sanitation measures, and the large number of people present in the markets each
day (in some cases including international workers and tourists), the potential zoonotic disease risk posed by these wildlife
trade hubs is of considerable concern.

4.6. Limitations

Wildlife trade surveys that touch upon aspects related to illegality and/or unsustainable exploitation should be interpreted
with care; not least because markets are complex systems that can vary over time (due to a variety of different factors) and
vendors may distrust or have poor memory recall (D’Cruze et al., 2018; Mayor et al., 2019; Newton et al., 2008). However, that
99 vendors were willing to talk to us, and openly admitted to their involvement with forbidden trade of wildlife at urban
markets, suggests that they were being truthful. Moreover, while there is a risk that our data may underestimate or over-
estimate the impact on wildlife in Iquitos and surrounding areas of Peru, it is important to clarify that our aim was not to assess
the full extent of impact on wild populations or individual animal welfare. Rather, our intention was to gain new insights into
the diversity of wildlife being offered for sale (by vendors), to better understand what they might be used for (by consumers),
and to identify those wildlife species that might potentially be at risk. Likewise, a full inventory of wildlife being sold at Iquitos,
including identifying species that are most traded and the frequency of trade, was beyond the scope of this study. Specifically,
we acknowledge that our use of local names to infer the species sold cannot be considered a complete taxonomic account, and
that in some cases vendors may be referring to only one particular species that is not threatened by extinction or vice versa.Yet,
despite the limitations of a “snapshot” survey-based approach, we believe that our findings represent valuable information that
can be used to help provide information for future efforts to protect wildlife in Iquitos.

4.7. Recommendations

Despite the substantial economic returns, the trade in wild animal products at urban markets is forbidden in Peru (Law No
29763). Yet the wildlife trade is poorly monitored in Peru (Leberatto, 2017), and enforcement is hindered by a number of factors
including logistical limitations, financial constraints, and on-going consumer demand (Mayor et al., 2019). In addition to im-
proved enforcement and awareness campaigns aimed at changing both vendor and consumer behaviour, increased governance
of wildlife in non-urban source areas, and increased research effort focusing on the impacts of wildlife trade in Iquitos
(including conservation, animal welfare, and public health impacts) is also required. We recommend that those wild animals
already considered threatened by extinction (19 inferred species, including the Amazon river dolphin), and those with
populations already thought to be in decline (71 inferred species) should be made a particular priority. However, we would also
like to highlight that non-threatened wild animals, stated to have increased in rarity, specifically those that are also considered
to be highly profitable (such as the lowland paca, deer and collared peccary), should also not be overlooked in this regard. We
note that any initiatives focused on protecting wildlife would likely benefit from identifying alternative humane sustainable
sources of income for those currently dependent on the wildlife trade as a main source of income given the substantial financial
incentives.

Finally, given the risks that urban wildlife markets pose to public health, we also recommend that future surveillance efforts
in Iquitos should also extend to zoonotic diseases. In fact, the Belén market has been reported to be closed for much of 2020 and
2021 as part of the reaction to the COVID-19 pandemic, the emergence of which has been directly linked to wildlife trade.
As and when the Belén market will reopen will remain to be seen, but implementing these recommendations will be critical to
protect people and wildlife.
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