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Abstract

Wildlife trade is a profitable economic activity. Birds are among the most heavily traded
animals worldwide, with numerous species threatened by pet trade. Information on both
legal and illegal aspects of trade and consumer demand is difficult to obtain across different
countries, particularly given substantial socio-economic and cultural variation. Focusing on
consumer demand in each country, we conducted a global survey among 105 international
experts on bird conservation to identify expected trends, drivers and market characteristics
of legal and illegal wild-caught pet bird trade. Our results suggest that future trends in legal
bird trade will be mostly driven by socio-cultural motivations and intentional demand for
wild-caught, rather than captive-bred birds. Bird popularity and rarity are the main factors
expected to influence the choice of which bird species will be the most traded legally. Per-
centage of rural population was the main national-level socio-economic predictor for legal
bird trade in the future. Demand for future illegal trade is expected to be driven by bird
popularity and particular species identity. Experts consider illegal trade to be sustained
mainly by consumers from higher socio-economic and educational backgrounds. Human
population growth rate was the main national-level socio-economic predictor of illegal
trade expected for the future. Legislation enforcement remains a critical issue in wildlife
trade. Expanding trade networks and socio-economic changes continue to incorporate new
regions into the wildlife trade. Investigating the multidimensional and synergistic determi-
nants of wildlife trade will thus help address potential detrimental impacts bird trade might
cause on biodiversity.
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Introduction

Wildlife trade is a profitable economic activity, with billions of living organisms or derived
products being traded around the world annually (Karesh et al. 2005; Jenkins 2007; UNEP-
Interpol 2016). However, unsustainable and/or illegal wildlife trade may pose major threats
to global biodiversity, particularly in African, Asian, and South American countries (da
Alves et al. 2013; Challender et al. 2015; UNEP 2018), where the livelihoods of local com-
munities dependent upon those resources may also be affected (but see TRAFFIC 2008;
Nijman 2010). In addition, wildlife trade is a common pathway for the introduction of inva-
sive species (Carrete and Tella 2008; Essl et al. 2015; Cardador et al. 2019), which cause
detrimental impacts on ecosystems, economic activities and human welfare (Simberloff
et al. 2013).

Pet trade is a substantial component of wildlife trade (Bush et al. 2014; Chng et al.
2015; Auliya et al. 2016). Although detailed data on wild-caught traded animals are dif-
ficult to obtain, it is estimated that billions of wild animals are globally traded as pets every
year (Karesh et al. 2007; Smith et al. 2012), and that 25% of the global exotic pet trade is
illegal (Karesh et al. 2007). Birds are one of the most commonly traded taxonomic groups
worldwide, with ca. 4000 of both wild-caught and captive-bred origin species sold and
kept as pets (Birdlife International 2015). In fact, approximately a third (>400) of all glob-
ally threatened bird species are thought to be affected by overexploitation for food or cage
bird trade (BirdLife International 2008). During the 1990s, 2—5 million birds/year were
traded worldwide (BirdLife International 2008), while in 2017 there were over 49 million
birds kept as pets in European households (FEDIAF 2018). As numbers of captive animals
soar, so does the risk of their accidental or deliberate release into the wild, and thus pet
trade is a conservation challenge also as a source of invasive species (Hulme 2009; Abelldn
et al. 2016; Cardador et al. 2019). A better understanding of the socio-ecological charac-
teristics of the trade of birds as pets is therefore paramount for the development of effective
management tools, capable of simultaneously preventing the depletion of native popula-
tions and the establishment of new avian invaders.

Wildlife trade management commonly employs a range of tools aimed at regulating
harvest and trade. However, differences in trade drivers, extent of natural resource use,
governance, monitoring and enforcement among countries affect the effectiveness of
management measures (Shepherd and Nijman 2008; Chan et al. 2015). The Conven-
tion on International Trade in Endangered Species of Wild Fauna and Flora (CITES)
entered in force in 1975 to prevent international trade in specimens of wild animals and
plants from threatening their survival in the wild (Convention on International Trade in
Endangered Species 2016, www.cites.org). While CITES has been considered crucial
for ensuring the survival of some threatened species (e.g. Doukakis et al. 2012), its
effectiveness relies on a Party’s (i.e. a State or regional economic integration organiza-
tion for which the Convention has entered into force) ability to implement and enforce
it. However, this is often hindered by limited resources and enforcement capacity
(which may promote corruption), particularly where there is a high local dependence
on economic benefits associated with the international trade of wild species (Jepson
and Ladle 2005; Regueira and Bernard 2012). Several other international, regional-
and national-level measures, such as domestic bird trade regulations, have also been
implemented to further reduce the negative consequences that might arise from trade
(Challender and MacMillan 2014). In 2005, avian influenza outbreaks motivated the
European Union to implement a ban (made permanent in 2007) on the importation
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of wild-caught birds, regardless of their conservation status (Commission European
Communities 2007). This ban provoked a rapid trade shift from wild-caught birds to
captive-bred birds, allowing the maintenance of bird availability in markets (Cardador
et al. 2019). However, there is some evidence that such bans might impair sustain-
able development, promote the trade of non-target taxonomic groups (Cardador et al.
2017), increase financial incentives for poaching or lead to the involvement of criminal
organizations (Cooney and Jepson 2006; Challender and MacMillan 2014; Challen-
der et al. 2019). Challender and MacMillan (2014) argue that interventions must go
beyond regulation and build capacity within local communities to help manage wild-
life, because when locals are engaged in the process, they are more likely to follow and
enforce rules (Ostrom and Nagendra 2006). For example, the Argentinian government
replaced a poorly regulated trade of blue-fronted amazon parrots (Amazona aestiva),
that yielded minor revenues to local people, with a program that reduced unsustainable
trade and produced revenues that financed protected areas and local landowners (Rabi-
novich 2012). Hence, while the conditions under which well-managed wildlife trade
yields benefits for conservation and livelihoods are complex, evidence suggests it can
be done (for more examples see Roe and Booker 2019).

While there are a number of different initiatives aimed at managing bird trade across
the world, varying in their aims and scales (e.g. international and domestic trade), reli-
able information on both legal and illegal aspects of wildlife trade is difficult to obtain
across different countries. Only CITES trade database aims to provide such informa-
tion, but there are concerns over its accuracy, as it is highly dependent on a party’s
ability to enforce but also report. In addition, uncovering the complex characteristics
of human demand for pet birds is essential for improving management and preventive
measures (Jepson and Ladle 2005; Burivalova et al. 2017), particularly given socio-
economic and cultural variation among countries (da Alves et al. 2010; Roldan-Clara
et al. 2017).

Aiming to better understand consumer demand for wild-caught birds as pets within
a given country (i.e. demand for birds which might be domestically or internationally
sourced, but are purchased within a specific country), we undertook a global survey to
identify drivers, market characteristics and expected trends of legal and illegal pet bird
trade. Thus, firstly, we identified consumer socio-demographic profiles, motivations
and preferred bird characteristics at national level, assessed experts’ perceptions of
legislation effectiveness and explored key consequences and challenges of illegal pet
bird trade. Secondly, we tested national-level socio-economic and environmental fac-
tors as potential predictors of bird trade, to characterize regions where increased legal
and illegal trade could be expected. Finally, we explored the potential consequences
of increased legal and illegal trade, and provide informed guidance for future legisla-
tions and tools addressing wild bird trade. For these purposes, we used expert elicita-
tion and available information on socio-economic and environmental variables at the
country level. Expert knowledge, defined as the information acquired through training,
research, skills and personal experience on a certain subject not widely known (Burg-
man et al. 2011), has been increasingly used in conservation science (e.g. TRAFFIC
2008) to address complex problems whose investigation is urgent but often impaired
by limited resources (Martin et al. 2012; Pullin et al. 2016; Pe’er et al. 2017). This
approach is especially relevant for our study given that information on wildlife trade,
particularly focused both on legal and illegal actions, is generally not available or is
difficult to collect at the global scale (Rosen and Smith 2010; Robinson and Sinovas
2018).

@ Springer



3346 Biodiversity and Conservation (2019) 28:3343-3369

Methods
Data collection
Survey approach

We used expert elicitation to gather insights into potential trends and drivers of consumer
demand for wild birds as pets at national levels across the world. Bird trade experts were
selected based on two criteria: (1) being an author of a peer-reviewed publication related
to this research topic; and/or (2) being a representative of a non-governmental organization
targeting bird conservation, research or trade with relevant knowledge about the topic.

A total of 98 academic experts were identified through a literature search of peer-
reviewed publications related to this topic on ISI Web of Knowledge, Google Scholar, and
Scopus, employing the search query: (“trade” OR “market”) AND (“aves” OR “birds” OR
“bird demand” OR ““desired bird traits” OR “pet bird”). The last literature search was per-
formed on the 12nd March 2018. The abstract of each retrieved paper was read in order to
verify its relevance for the topic and the corresponding and/or first authors of each relevant
paper were identified. Representatives of non-governmental organizations (NGOs) devoted
to bird conservation were compiled from the Birdlife International network (a global part-
nership of bird conservation organisations—see list of partners at http://www.birdlife.
org/worldwide/partnership/birdlife-partners). Contacts from TRAFFIC (a wildlife trade
monitoring network, NGO) offices worldwide (available at http://www.traffic.org/contact/)
were added to our list of potential participants due to their expertise on wildlife trade. This
resulted in 147 NGO representatives invited in the initial stage of the survey campaign. To
increase the number of respondents and country coverage, whilst avoiding potential sam-
pling biases due to researchers’ personal networks and perceptions about the issue (Newing
2010), we also employed snowball sampling, requesting all those directly contacted to rec-
ommend additional participants among colleagues, peers and other organizations that may
have relevant knowledge and experience (Faugier and Sargeant 1997). This resulted in 111
additional contacts to be approached, 13 of which were academic experts, and the remain-
ing 98 were NGO representatives. Overall, a total of 356 participants were invited.

Survey implementation

An online survey questionnaire (implemented in the Survey Gizmo web platform; www.
surveygizmo.com) in English was used to collect information from participants. At the
beginning of the questionnaire, each participant was asked to name their country of exper-
tise (i.e. a single country they felt most familiar with regarding bird trade, research and/or
conservation), so all the subsequent answers referred to this specific country. The question-
naire was divided into six sections (A to F) designed to obtain information on key aspects
of the trade of pet birds (full questionnaire available in Supplementary Material A). Section
A asked about the participants’ professional background and familiarity with bird trade.
Section B examined the participants’ perception of the pet market characteristics, trends
and implications (e.g. consumer characteristics and motivations, perceived changes in
market trends and their drivers in the country of expertise). Section C focused on the per-
ceived effectiveness of the national/international policies and regulations (e.g. CITES, EU
ban, national-level bans on wildlife exports). Section D asked for suggestions to address
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illegal bird trade. Section E requested basic socio-demographic information about the par-
ticipant. Finally, participants were asked to suggest other experts whom we could invite
for the survey (i.e. colleagues, peers or organizations), given their relevant knowledge and
experience on the research topic. Experts suggested by questionnaire participants would
only be invited to complete the survey if they had not already been contacted in previous
elicitations.

The questionnaire was pretested from 2nd to 12th March 2018 using a pilot group
composed of ten amateur ornithologists, researchers, and NGO workers (this group was
excluded from the survey). Their responses helped determine average questionnaire com-
pletion time, redefine objectives, broaden the scope of the questions and improve the clarity
of the questionnaire. A single link with the final version of our questionnaire was then sent
to all pre-selected respondents. The survey was conducted from March 14th to May 2nd
2018 (7 weeks). During that period, two reminders were sent (April 4th and 18th). Consent
for participation was obtained from each survey respondent and participants were provided
with a description of the general aims of the project before the survey. This research was
approved by the University of Exeter Ethics Committee (Ref. 2018/2102).

National-level socio-economic and environmental variables

Twelve socio-economic and environmental variables potentially associated with bird trade
(Brenton-Rule et al. 2016) were compiled for all the participants’ countries. Definition of
each variable, rationale for inclusion and source of information are provided in Table 1.

Expert’s perceived versus documented illegal trade fluxes

In order to identify the main global fluxes of illegal international wildlife bird trade as
perceived by experts, we asked if they considered their country of expertise to be mainly
an importer, exporter, both (importer and exporter), or none. If the answer was one of the
first three alternatives, the expert was presented with an open-ended question about their
perceived main regions of origin (if they considered their country of expertise mainly
an importer), destination (if considered mainly an exporter), or both (if considered both
exporter and importer) for illegally traded wild pet birds. To compare expert’s perceptions
to recorded fluxes of illegal bird trade, we also obtained data on confiscations/seizures of
live wild birds performed under CITES retrieved for the period 20062016 for all countries
from the CITES trade database (https://trade.cites.org/, accessed on 30 July 2018).

Data processing and analysis

Questionnaire responses were used for: (i) developing a score for ranking perceived trends
in legal and illegal bird trade in the past 10 years (approximately since the EU ban), and
expected for the next 5 years (a period respondents might perceive as reasonable for fore-
casting); (ii) modelling legal and illegal trade scores using ordinal regressions to explore
trade characteristics, and socio-economic and environmental correlates (using compiled
national-level variables; Table 1); (iii) comparing experts’ perceptions of illegal interna-
tional pet bird trade fluxes versus data on confiscations/seizures of live wild birds per-
formed under CITES; and finally (iv) presenting the main challenges, consequences and
solutions proposed by experts to control illegal bird trade. Each of these steps is explained
in the following subsections and schematized in Fig. 1.
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Fig.1 Schematic representation of the study framework

Trade score development

Using experts’ perceptions on multiple indicators (i.e., number of birds legally traded,
number of bird species legally traded, price of birds legally traded, overall economic value
of legal bird trade, number of birds illegally traded, number of bird species illegally traded,
price of birds illegally traded, and overall economic value of illegal bird trade), scores
describing trends for legal and illegal trade of both wild-caught and captive-bred pet birds
(henceforth referred to as pet bird trade) in each country were developed. For each one
of these indicators, survey participants were asked to report the perceived trend in their
country of expertise during the previous 10 years and their expectation for the next 5 years.
Available options for each indicator followed a Likert scale and were “decreased substan-
tially”, “decreased slightly”, “no change”, “increased slightly”, “increased substantially”
and “don’t know”. “Don’t know” answers were excluded from the trade score scale and
remaining options were attributed a numeric score from —2 (“decreased substantially”) to
2 (“increased substantially”) (Table B.1 in Supplementary Material B).

Scores attributed to each indicator were grouped into four overarching trade metrics,
namely: past legal, past illegal, future legal and future illegal wild-caught bird trade. For
each metric, the median overall score across indicators representing each expert’s judge-
ment was determined for each answer (median is the recommended measure of central ten-
dency for Likert scale data; Jamieson 2004). This ranking ensured that a higher positive
score (e.g. 2) corresponded to an expected substantial increase in wild bird trade in the
expert’s country. These median overall scores were then used as the response variable to
understand the characteristics and drivers of bird trade expected for the future.

Explanatory variables

Two sets of variables were used to model trends in legal and illegal trade: a survey-
derived predictor set representing trade characteristics identified by the experts (Table C.1,
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Supplementary Material C); and a second predictor set with national-level socio-economic
and environmental variables (Table 1). Given the large amount of potential predictor vari-
ables and the limited number of expert surveys, we undertook additional explorations in
order to determine if any variables should be removed from further analysis.

Multiple correspondence analysis (MCA) and hierarchical clustering on principal com-
ponents (HCPC) were performed on all survey-derived predictors in order to derive gen-
eral descriptors of bird characteristics, consumer motivation and profile. Multiple corre-
spondence analysis (MCA), an extension of correspondence analysis, analyses the pattern
of relationships between several categorical (instead of quantitative) dependent variables
(Kassambara 2017). HCPC is a form of hierarchical clustering performed using Ward’s
criterion on principal components derived from MCA or PCA (Kassambara 2017). MCA
and HCPC were performed using package FactoMineR (Husson et al. 2015) in R 2.13.0 (R
Core Team 2017).

The second predictor set was composed of 12 socio-economic and environmental vari-
ables compiled for all countries (n=>53) represented in our survey data (Table 1). Spear-
man correlation analysis was performed with function rcorr from package Hmisc (Harrell
2017) in R 2.13.0 (R Core Team 2017). This analysis indicated that these variables were
not correlated (Table D.1, Supplementary material D); hence, all socio-economic and envi-
ronmental predictors were included in subsequent analysis.

Factors affecting pet bird trade and expected future trends

To account for the ordered nature of the response variables (legal and illegal trade scores),
ordinal regressions were fit to explore potential associations between explanatory variables
and expected future trade trends in legal and illegal bird trade (our main variables of inter-
est). This aimed to identify potential “trade hotspots” and inform specific interventions to
be implemented based on a better understanding of country-level consumer demand and
trade characteristics. Three model sets incorporating different explanatory variables were
fit to analyse multiple aspects of legal and illegal trade expected for the near future. The
first two model sets analysed survey answers: one model incorporated consumer motiva-
tions, preferred bird characteristics and buyer profile, and a second model set incorpo-
rated legislation effectiveness, level of enforcement, past trade, country perceived status
(exporter, importer, both, neither) as explanatory variables; this dual-model approach was
adopted for analysing survey-derived parameters due to the limited number of available
1esponses (Myegy =350; Nyjep=57). Finally, a third model set was fit using national-level
socio-economic and environmental predictors. To improve interpretation of ordinal regres-
sion outputs, each category present in the “Consumer motivation” and “Bird characteris-
tics” variables was transformed into binary variables. This modelling approach was per-
formed for legal and illegal trade separately.

Ordinal regressions were performed using package ordinal (Christensen 2015) in R
2.13.0 (R Core Team 2017). The relative importance of predictor variables on step selec-
tion was assessed for future legal and illegal trade separately, fitting all possible combina-
tions of the selected covariates using function dredge from the MuMIn package (Bartor
2014). In this case, the corrected AIC for small sample sizes (AICc) was used to perform
model averaging (Hurvich and Tsai 1989) on a subset of models with a AAICc<2 (as
recommended by Burnham et al. 2002). Model averaged coefficients were extracted, along
with their respective importance calculated as the sum of the Akaike weights over all
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models in which that particular covariate is included, using function model.avg on package
MuMIn (Bartori 2014).

Expert’s perceived versus documented illegal trade fluxes

To visualize perceived and recorded illegal international wild bird trade fluxes, a combined
approach was adopted using R packages igraph (Csardi 2010) and ggplot 2 (Wickham
2015). On igraph, continents were used as nodes, and edges or links between each node
(continents) were calculated using the number of responses considering each continent
either a major importer or exporter, regarding the continent where the country of expertise
was located. Arrow width was set as a representative of the number of experts considering
each trade link important. Hence, thicker arrows characterising links among different con-
tinents represent especially important perceived trade avenues regarding the illegal trade of
wild pet birds.

In order to quantify agreement between expert perceived and registered trade fluxes of
illegally traded wild birds exported by each continent, we calculated Cohen’s kappa. Kappa
statistics measure interrater reliability, i.e. the extent to which different raters assign the
same score to a variable. Contrary to the percent of agreement, Cohen’s kappa accounts
for chance agreement (McHugh 2012). Kappa statistics were performed with R package irr
(Gamer et al. 2012).

Challenges, consequences and solutions for illegal wild pet bird trade

In order to gain further insights into the challenges, consequences and proposed solutions
to control illegal bird trade, experts were asked to provide up to three responses for each.
To encourage more insightful answers, rather than pre-defined ones, questions were set
up as open-ended. Once the data were collected, answers were subsequently categorised
using an inductive approach, where summary themes were identified through the process
of directly examining the data (Elo and Kyngis 2008).

Results
Study participants

A total of 356 invitations were sent, 13 of which could not be fulfilled due to inactive or
full inboxes and unavailable alternative contacts (non-contact rate =3.7%). The survey was
completed by 105 respondents (response rate=31%). 71 participants answered all survey
questions, with some missing data for the remaining 34 respondents; specific sample sizes
for each question are reported throughout.

The respondents represented expertise related to bird trade in 53 countries located in
Africa, Asia, Europe, South and Central America (Fig. 2). Most respondents were asso-
ciated to NGOs, working on scientific research or program coordination at a national
scale. The modal respondent was male, 24 to 54 years old (median=35-44), with UK
or USA citizenship, who has been working on the subject of bird trade for 5 to 10 years
(median= 10, although 16 respondents had over 15 years of experience). A summary of the
study participants is presented in Table E.1 (Supplementary material E).
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Number of respondents | NN
36 9 12

Fig. 2 Distribution of survey respondents (N=102) according to their country of expertise (i.e. single coun-
try they felt more familiar with regarding bird trade, research and/or conservation). Countries for which we
had no survey respondents are represented as white

Preferred bird characteristics, consumer profile and motivations

According to MCA and HCPC analyses, the main motivations for buying birds are compe-
tition (e.g. song contests), financial (investment), and socio-cultural (e.g. to impress friends
or family, or due to traditions) (Table F1, Supplementary material F). Preferred bird char-
acteristics were its temperament, specific species identity (independently of its character-
istics), rarity (e.g. endemic or threatened species, rare phenotypes) or popularity, and its
price and ability to sing (Table F2, Supplementary material F). People buying birds as pets
can be classified in three profiles: people of high socio-economic and educational back-
grounds, living in cities and ranging between 26 and 64 years; people of low socio-eco-
nomic and educational backgrounds, living in rural areas, either under 26 or over 64 years
old; and people not defined by relevant sociodemographic, educational and age parameters
(Table F3, Supplementary material F). This last group arose as a consequence of some
experts considering that the provided sociodemographic, educational and age parameters
are not relevant for describing buyers in their countries of expertise.

Hence, original survey-derived predictors or respective categories were combined
accordingly. Consumer motivations were aggregated into a 3-category predictor (Com-
petition; Financial; Socio-Cultural). Bird characteristics were classified into a 4-category
predictor (Temperament; Species; Popularity/Rarity; Price/Song). Buyer profile—initially
defined by buyer age, gender, socio-economic, educational and urban/rural backgrounds—
was converted into a single predictor with 3 profiles, merging categories of the original pre-
dictors. Buyer profile 1 was defined by high socio-economic and educational backgrounds,
association to urban environments and 26 to 64 years of age. Buyer profile 2 was defined
by low socio-economic and educational backgrounds, association with rural environments
and other age groups (under 26 and over 64 years old). Buyer profile 3 was defined by not
relevant sociodemographic, educational and age parameters.
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Expected legal trade

Our results suggest that, based on experts’ insights, legal pet bird trade is expected to
increase in 15 of the 37 countries represented, especially in Indonesia. Variation in the
level of change in future legal trade is best explained by the intentional purchase of
wild-caught birds due to socio-cultural motivations, and bird popularity/rarity. Level of
law enforcement, EU ban importance and perceived trends in legal trade in the past are
also considered important predictors. Percentage of rural population is the main socio-
economic predictor (Table 2 and G.1 from the Supplementary Material G) affecting var-
iation in expected legal trade. Number of bird species threatened, bird species density
and corruption perception index were also included in the top models but received less
support.

Experts who expect legal pet bird trade to decrease in their country of expertise con-
sider that consumers buy wild-caught birds intentionally, believe law to be enforced and
the EU ban important for regulating bird trade. On the other hand, experts predicting
legal trade to increase in their country of expertise consider most consumers buy wild-
caught birds as pets due to socio-cultural motivations and bird popularity. An expected
increase in future legal trade is associated with higher percentages of rural population.

Expected illegal trade

Our results suggest that, based on experts’ expectations, illegal pet bird trade is expected
to increase in 17 of the 37 countries represented, especially in Indonesia, Brazil and
Slovakia. Future illegal trade is best explained by a demand for birds based on their
popularity and of particular species, and a consumer profile characterized by higher
socio-economic and educational backgrounds. Past illegal trade is another important
predictor of illegal trade expected for the near future, as is human population growth
rate. GINI index and GDPpc were also included in the top models but with less support
(Table 2 and G.1 from the Supplementary Material G).

Experts who predict illegal pet bird trade to increase in their country of expertise
consider that consumers buy pet birds due to their popularity and particular species
identity. These experts also indicated that the typical buyer of illegally traded birds
in countries where they expect this trade to increase in the future are 26 to 64 years
old, come from higher socio-economic and educational backgrounds, and urban areas.
Regarding socio-economic and environmental parameters, human population growth
rate is associated with an expected increase in future illegal trade, as is an increased
GINI index, though with less support.

Expert’s perceived versus recorded trade fluxes

A total of 59 experts provided information on the main sources and destinations of ille-
gally traded wild pet birds worldwide. 18 experts considered their country of expertise
to be mainly an importer, 19 mainly an exporter, and 22 both an importer and exporter of
illegally traded wild birds. Agreement between experts’ perception and CITES reports
on confiscations and seizures was highly variable depending on the continent consid-
ered, with moderate to good agreement on exports from North America (kappa=0.645,
p<0.01), Europe (kappa=0.565, p<0.01) and Africa (kappa=0.443, p<0.01), and
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poor agreement regarding exportations from South America (kappa=0.105, p<0.01)
and Asia (kappa=0.006, p<0.01).

According to experts’ perceptions, the continents that illegally export the majority of
wild birds are Asia and South America (Fig. 3). Asia is perceived to export mainly to
Europe and the Asian market. Africa is regarded mainly as an exporter to Europe, Asia and
the African market. Australia is mostly considered an exporter to North America. Europe
and the Middle East are mainly perceived as exporters as well as importers of illegally
traded wild birds.

CITES reports North America as an important exporter of illegal wild birds, along-
side Asia and South America (Fig. 4). The same data indicate North America as the main
importer of illegal wild birds from Asia. Africa is as an exporter as well as an importer.
Australia is reported as a relevant importer of illegal wild birds from North America. Bird
trade records corroborate experts’ judgement regarding Europe and the Middle East, which
act as exporters and importers of illegal wild bird trade.

Legislation type and effectiveness

Most respondents (95%) stated that their country of expertise has some kind of restrictions
regarding the capture and trade of wild birds (Table 3). These restrictions are mostly imple-
mented through national actions (91%), corresponding mainly to legislations/regulations
(99%). The effectiveness of national and local restrictions in controlling illegal bird trade
was mostly regarded as “ineffective” (32%) or “moderately”/“somewhat effective” (28 and
30%, respectively). Enforcement of restrictions on illegal bird trade in their countries of
expertise was mainly considered “somewhat enforced” (51%), followed by “moderately
enforced” (21%) and “not enforced” (17%).

Africa — Australia — Middle East South America

From
- Asia > Europe North America

Fig.3 Trade fluxes perceived by experts, considering whole continents. Arrow width is proportional to
number of experts referring a given continent as a major exporter or importer, regarding their country of
expertise in bird trade. Domestic trade is represented with arrows directed towards the same continent of
export, without focusing particular countries. Information provided by 59 experts, who stated perceived
exports destination and imports origin, totalizing to 128 answers, as this was an open-ended question, and
multiple continents could be mentioned by a single expert
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~ Africa — Europe ~ NorthAmerica
- Asia - MiddleEast —~ SouthAmerica

From

Fig.4 Illegal trade fluxes gathered from the CITES Trade Database, regarding live wild-caught birds
and considering whole continents. Arrow width is proportional to the amount of birds reportedly traded
between continents. Domestic trade is represented by arrows directed towards the same continent of export,
without regarding particular countries. Information based on data gathered during the period 2006-2016,
involving all CITES Parties

The implementation of the 2005 EU ban on importations of wild birds was considered
mostly “not important” (24%), followed by “moderately important” (21%) and “slightly
important” (17%) for regulating bird trade in their country. Accordingly, most experts
working in European countries considered the EU ban either “not important” (21%) or
“moderately important” (19%), while 9% considered it only “slightly important” or even
“not important” for regulating bird trade. CITES effectiveness for controlling the illegal
bird trade was regarded as only “moderately” (38%) or “slightly effective” (32%).

Challenges, consequences and solutions for illegal wild pet bird trade

According to experts, the main challenges in reducing illegal bird trade were the limita-
tions in legislation enforcement, monitoring and assessing illegal trade, and a lack of envi-
ronmental awareness among stakeholders. The main potential consequence of illegal bird
trade is biodiversity loss. Increased enforcement and environmental awareness appear to be
the main solutions proposed to tackle illegal bird trade (Table 4).

Discussion

Globalized wildlife markets, with broad trade routes and increased trade volumes, can con-
tribute to further increase the demand for wild-caught birds as pets, fuelling all potential
consequences of wildlife trade in the future (Reino et al. 2017). Our study on perceived
characteristics of both legal and illegal wildlife trade at a global scale focusing on con-
sumer demand provides a better understanding of the potential national and international
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Table 4 Percentage and

frequency of responses for each Aspects Count  Responses (%)

challfznge, consequence and Challenges

solution suggested by a total of .

69 surveyed experts Law enforcement issues 43 30.9
Monitoring and assessment 23 16.5
Environmental awareness 16 11.5
Capacity building 12 8.6
Legislation 12 8.6
Cultural aspects 11 7.9
Financial 5 35
Corruption 5 35
Institutional inertia 4 2.8
Consumer demand 4 2.8
Easy access 2 1.4

Consequences
Biodiversity loss 67 55.3
Introduction of exotic invasive species 11 9.0
Other illegal behaviours 10 8.2
Increased consumer demand 7 5.7
Diseases 5 4.1
Ecosystem change 4 33
Behavioural impacts 3 24
Poor animal welfare 3 2.4
Unsustainable unregulated harvest 2 1.6
Negative financial impacts 1 0.8
Habitat destruction 1 0.8
Solutions

Enforcement 62 34.0
Environmental awareness 37 20.3
Legislation 15 8.2
Monitoring and assessment 14 7.6
Capacity building 13 7.1
Consumer behaviour change 11 6.0
Certification 9 49
Trade bans 5 2.7
Promote alternative livelihoods 4 2.1
Conflict management 3 1.6
Advocacy 3 1.6
Address corruption 2 1.0
Accountability 1 0.5

Respondents could mention up to three issues to open-ended questions
regarding main perceived challenges, consequences and possible solu-
tions referring to illegal bird trade in their country of expertise. Issues
were posteriorly identified based on thematic coding
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drivers of wild bird trade, which can then be used to target and improve management and
conservation strategies.

Potential trends and predictors of bird trade

According to our results, both legal and illegal trade is expected to increase in Indonesia,
the world’s largest archipelago and a megadiverse country, with high bird diversity, com-
plex evolutionary history and high economic growth projected for the next decades (OECD
2014). Illegal trade is also expected to increase in Brazil and Slovakia. While expectations
for Brazil can also be explained by its megadiverse country status, the emergence of Slo-
vakia may be explained by the country’s part in the European illegal trade of wildlife or
derived products (Milliken 2014).

In order to ascertain potential trends, and predictors of domestic and international bird
trade, we collected both national-level socio-economic and environmental data, as well as
detailed consumer profiles from expert-based survey data. The goal was to improve our
understanding of the multiple drivers of bird trade across countries, and identify potential
targets for trade management. Detailed demographic profiles of bird owners are scarce, and
impede the development of demographically targeted social marketing and conservation
actions (Jepson and Ladle 2005). Our study suggests that both consumer characteristics
(i.e. educational and socio-economic background) and wildlife product features (namely
popularity and species identity) are important predictors of expected trade trends in the
near future (i.e. next 5 years). Furthermore, we found that the interplay between these fac-
tors was different for the legal and illegal trade. Whereas consumers coming from higher
socio-economic and educational backgrounds, and urban environments were strongly
linked to expectations of increased illegal wild-caught bird trade, we were not able to dis-
tinguish profiles for consumers of legally traded pet birds. This might suggest that, for
legally traded products, there is a social transversality of the fondness for pet birds, but ille-
gally traded birds are a niche product. Indeed, Courchamp et al. (2006) found that CITES-
listed species were significantly more expensive than non-CITES listed species, probably
as a consequence of their rarity, further advertised through their CITES listing. Consumers
place higher value on wildlife or wildlife-derived goods when they are considered rare or
uncommon (Chen 2016). Hence, buyers with higher socio-economic status are more likely
to be able to afford these items. This, in turn, might drive both price and demand even
higher.

Consumer motivations might also contribute to a better understanding of purchase
behaviour and help define interventions. Increased expected future legal trade appears
associated with both intentional purchase and socio-cultural motivations for buying wild-
caught birds. The use of birds as pets is a tradition with deep cultural roots, especially in
Central (Roldan-Clara et al. 2017) and South America (da Alves et al. 2010), Asia (Su
et al. 2015) and the circum-Mediterranean region (Brochet et al. 2016). Generally, birds are
kept as pets because of their beauty, lively colouration, melodious songs, ability to imitate
words, attachment to humans, or several of these reasons combined. However, in Asia there
are many other cultural practices related to pet birds, such as prayer release, singing com-
petitions, and ‘bird-walking’ (the avian equivalent of dog-walking, where birds are taken
out in cages for fresh air) (Su et al. 2015). Burivalova et al. (2017) concluded that the main
reason why people intentionally bought wild birds as pets was the high cost of captive-bred
birds, and a perception that captive-bred birds do not sing as well as wild-caught ones. This
suggests the need for consumer-focused demand reduction actions, coupled with increased
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offer of captive-bred birds as a more sustainable alternative source (Jepson and Ladle
2005). A more detailed assessment of consumer and market characteristics at regional and
national levels would allow targeting trade reduction campaigns towards the profile of con-
sumers that most influence trade (Verissimo and Wan 2018).

Understanding which bird characteristics are more in demand by consumers is crucial
for identifying species with increased probability of being traded, which, in turn, contrib-
utes to the development of early interventions targeting the protection of the most vul-
nerable species. Our results suggest that bird popularity tends to be the most important
characteristic preferred by legal and illegal bird consumers, especially when both legal and
illegal trades are expected to increase. Experts also consider species particular identity to
be an important characteristic for consumers when illegal trade is expected to increase in
their country of expertise. Demand for pet birds based on their popularity or particular spe-
cies identity may be determined by media-fuelled trends. For example, in recent decades,
a substantial number of popular press articles have described an increase in demand for
certain species in the pet trade due to films such as “Finding Nemo”, “Ninja turtles”, and
“Harry Potter” (Megias et al. 2017). Despite such allegations being largely supported by
anecdotal evidence, there is ample evidence that the demand for particular species whose
popularity is associated to certain physical traits or rarity is related to overexploitation, as
with the yellow-crested cockatoo (Cacatua sulphurea) or the African grey parrot (Psittacus
erithacus) (Tella and Hiraldo 2014; Eaton et al. 2015; Harris et al. 2015). From a market
perspective, the increasing rarity of some species might make them even more attractive to
consumers, thus increasing their risk of extinction through an anthropogenic Allee effect
(Courchamp et al. 2006). This may suggest that the cultural roots of the demand for wild
pet birds may be replaced by potentially more manageable and predictable fashion/trend-
based aspects, often driven by the media.

From our survey, it also emerged that bird song, often listed as a worldwide favourite
trait in pet birds (Blackburn et al. 2014), did not figure as important when compared to
bird popularity or species identity. In addition, our results did not identify a preference
for wild birds (instead of captive-bred individuals), or for native/non-native species, sug-
gesting preferred characteristics do not appear intrinsically linked to the bird’s origins, but
to other traits. Although one of the main consumer motivations for consumers who want
to specifically buy wild birds is their wild origin, generic buyers searching for pet birds
do not appear to prefer wild-caught specimens. This reinforces the potential of promot-
ing captive-breeding for supplying general demanders of pet birds, because although previ-
ously reported as a desired trait in some countries, wild birds may be more often purchased
accidentally than on purpose (Burivalova et al. 2017).

Socio-economic aspects at the national level play an important role in wildlife trade
(da Alves et al. 2010). Our survey indicates that increases in expected illegal trade seem to
be positively linked to increases in human population growth rates and number of threat-
ened bird species. This implies that countries with faster population growth rates will
likely become more important actors in bird trade. Worryingly, many of these fast-growing
countries are rich in biodiversity, and higher levels of bird trade may impose strong pres-
sures on their natural resources. Increased rural population and bird species threatened
appear associated with increased legal trade expected for the future. In developing coun-
tries, with large rural populations and higher percentage of bird species threatened, local
communities sometimes strongly depend on trading native biodiversity as a profitable eco-
nomic activity (Brashares et al. 2011). International agreements such as the Convention on
Biological Diversity (CBD) or CITES resolutions Conf 8.3 or 16.6 reinforce the impor-
tance of promoting sustainable use of biological diversity and recognizing the rights of
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people to benefit from their use (Convention on International Trade in Endangered Species
2016). However, overexploitation for wildlife trade is a major threat for wildlife, includ-
ing birds (Bush et al. 2014). The case of parrots (Order Psittaciforme) is particularly con-
cerning, as their popularity has lead at least 259 species to be commercialized worldwide,
involving millions of individuals traded in recent decades (Beissinger 2001). Although
more detailed studies on the effects of parrot trade on wild populations and harvesting sus-
tainability are lacking, wildlife trade is thought to have contributed to nearly 30% of the
355 species of parrots being currently threatened with extinction (Donald et al. 2010). Fur-
thermore, according to Berkunsky et al. (2017), capture for local pet trade is closely associ-
ated with decreasing population trends in parrots. Thus, if uncontrolled, wildlife harvesting
may become unsustainable, threaten wildlife populations, ecosystems (Duffy et al. 2014;
Robinson et al. 2018; UNEP 2018) and human populations depending on it.

Trade fluxes and conservation impacts

Overall, trade fluxes perceived by experts match the fluxes of illegally traded birds
recorded within the CITES framework. However, experts regard South America and Asia
as the main exporters, while CITES records indicate North America as the most important
supplier of illegally exported birds. In this case, North America may be acting as a distrib-
uter of trade coming illegally from South and Central America to the rest of the globe, thus
masking the true source of illegally traded birds. In addition, CITES confiscations of illegal
trade are more likely to occur in North America, where it is more strongly enforced, than in
South American or Asian countries.

Using CITES data, Bush et al. (2014) also identified Southeast Asia and South Amer-
ica as important exporters and importers of exotic pets, the Middle East as another major
driver of the exotic pet market, and Africa as a source of exotic pets. However, accord-
ing to the experts’ judgement and CITES records, Africa and the Middle East act as both
exporters and importers of illegally traded birds, which may be partially explained by the
emergence of several African economies, e.g. Nigeria (United Nations DESA/Population
Division 2017). Although CITES records of illegally traded birds are likely an underrep-
resentation of reality, this redirection of trade from developed countries, where knowl-
edge and resources to manage invasive species are available and social awareness is high,
towards developing countries, which are less well equipped to deal with invasions, may
contribute increasing invasion risks and consequent impacts on native species (Cardador
et al. 2017; Reino et al. 2017). Furthermore, with expanding trade networks and environ-
mental change incorporating new regions into the pool of potential alien species, and esti-
mates of 1-16% of all species on Earth qualifying as potential established alien species,
future impacts are difficult to predict (Seebens et al. 2018).

Legislation effectiveness, perceived challenges and solutions

Our study suggests that enforcement of current legislation remains a critical issue in wild-
life trade. Although most respondents stated that their country had legal restrictions on
the capture and trade of wild birds, we found a general feeling of suspicion about their
effectiveness (e.g. EU ban, CITES and national regulations), despite moderate levels of
enforcement. However, perceived level of enforcement was an important factor in deter-
mining whether legal and illegal trade would increase or decrease, i.e. experts expecting
a decrease in bird trade (legal and illegal) also perceived existing laws to be enforced. The
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main challenges in reducing illegal bird trade in each respondent’s country of expertise
were difficulties associated to law enforcement, monitoring and assessing illegal trade, as
well as a lack of environmental awareness among key stakeholders. Edmunds et al. (2011)
has already demonstrated that many stakeholders are unaware of trade regulations. Challen-
der et al. (2015) also linked CITES’ inefficiency to Parties’ non-compliance, scarce knowl-
edge and/or capacity to monitor listed species (UNEP-WCMC 2014). This is due to several
deeply imbedded socio-economic and cultural reasons unlikely to change in the foreseeable
future. Our survey respondents proposed both increased law enforcement and enhanced
environmental awareness as the main solutions for reducing illegal bird trade. While these
solutions are likely to benefit from a wide range of initiatives, including demand reduction
campaigns, better trade assessments and improved governance at national levels (Challen-
der et al. 2015), it has been increasingly acknowledged that enforcement and regulations
are insufficient on their own. Efforts should be concentrated towards strengthening enforce-
ment (and management) in countries where trade is expected to increase, but also increas-
ing controls to make enforcement and management effective and integrating local popula-
tions in wildlife conservation and management through, e.g. captive-breeding campaigns,
sustainable harvest programs or ecotourism.

Although one of the main consumer motivations for purposely buying wild birds was
precisely their wild origin, most people who want to buy pet birds do not appear to prefer
wild-caught specimens, instead being mainly stimulated to buy pet birds due to their per-
ceived popularity, rarity or particular species identity. Hence, captive-breeding can poten-
tially be a viable option for supplying average demanders of pet birds, who may be buying
wild birds inadvertently. These policies should be implemented for all traded bird species,
with increased efforts targeted at species recognized as highly fashionable due to their pop-
ularization in the media. This might be especially welcomed and effective in countries with
increased rural population and bird species threatened—where legal trade is expected to
increase—as it might act as a potential income source for local populations, while alleviat-
ing extractive pressure from wild bird populations. Furthermore, countries with historical
socio-cultural traditions of birdkeeping (Central/South America and Asia) should be espe-
cially committed to invest in these interventions, as their legal trade is also expected to
increase in the future. Likewise, countries with faster population growth rates [e.g. Nigeria,
Democratic Republic of the Congo (United Nations DESA/Population Division 2017)] will
likely experience increased illegal bird trade, and thus should also prioritize actions aim-
ing at controlling illegal trade, targeting awareness campaigns towards profiled consumers
(higher socio-economic and educational backgrounds, and urban environments).

Whilst recognising the potential limitations of expert knowledge, e.g. from bias or poor
calibration leading to poor inference and decision making (Drescher et al. 2013; Kuhnert
2011), it is often the only tool to explore complex and urgent issues often impaired by lim-
ited resources (Kuhnert et al. 2010; Martin et al. 2012; Pullin et al. 2016), such as our study.
We relied on knowledge of academic and NGO experts who could convey their perceptions
on bird trade, including insights on industry, sellers and bird keepers. We acknowledge the
limitations of our approach and that additional information might be gained through the
expansion of this survey to other audiences, such as industry and bird-keeping community
representatives, now identified as a key aspect for future research.

We recognize that the modest coverage of countries represented in our study (N=53)
might hamper quantitative inferences from our results. Furthermore, the fact that most
experts were either Europeans or North Americans working in NGOs scattered worldwide
may be another limitation of our study. Also, our questionnaire was implemented in Eng-
lish, which we accepted as inevitable to ensure the global character coverage of the survey.
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Notwithstanding, the considerable expertise reported by the respondents gives credibility
to our qualitative conclusions. Here we present an analysis of the global trends of legal and
illegal wild pet birds trade that should serve as the basis for future studies. Investigating
the multidimensional and highly interacting determinants of wildlife trade will thus help
inform conservation action towards trade-threatened species in the long-term.
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