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Abstract: The order Psittaciformes is one of the most prevalent groups in the illegal wildlife trade.
Efforts to understand this threat have focused on describing the elements of the trade itself: actors,
extraction rates, and routes. However, the development of policy-oriented interventions also requires
an understanding of how research aims and actions are distributed across the trade chain, regions,
and species. We used an action-based approach to review documents published on illegal Psittaci-
formes trade at a global scale to analyze patterns in research aims and actions. Research increased
exponentially in recent decades, recording 165 species from 46 genera, with an over representation
of American and Australasian genera. Most of the research provided basic knowledge for the inter-
mediary side of the trade chain. Aims such as the identification of network actors, zoonosis control,
and aiding physical detection had numerous but scarcely cited documents (low growth rate), while
behavior change had the highest growth rate. The Americas had the highest diversity of research
aims, contributing with basic knowledge, implementation, and monitoring across the whole trade
chain. Better understanding of the supply side dynamics in local markets, actor typology, and actor
interactions are needed. Protecting areas, livelihood incentives, and legal substitutes are actions
under-explored in parrots, while behavior change is emerging.

Keywords: illegal wildlife trade; conservation actions; literature review; poaching; wildlife markets

1. Introduction

Parrots (order Psittaciformes including parakeets, macaws, cockatoos, and allies) are
among the groups of vertebrates with the largest proportion of species involved in the
wildlife trade [1]. Parrots are mostly traded to supply the demand for pets and cage
birds, and since 1982, the entire order (with the exception of four relatively common
species) has been listed in the Appendices of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) in an attempt to make this trade
sustainable and avoid illegal trade [2]. However, illegal trade may run in parallel with
CITES-regulated international trade [3], and illegal domestic trade remains substantial
in some countries, representing an important threat to parrot populations [4]. Aside
from conservation impacts on the harvested species, and despite CITES regulations and
international bans, both the legal and illegal trade have contributed to the establishment of
alien and invasive populations of parrots worldwide [5,6]. In some instances, these non-
native populations may cause ecological, economic, and even human health problems [7]
including the potential transmission of zoonotic diseases associated with illegally traded
specimens [8,9].
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Efforts to summarize heterogeneous and disperse information on the illegal parrot
trade including literature reviews and CITES database analyses have focused mostly
on documenting the number of individuals and species as well as trade mechanisms
and routes involved [10–14]. However, the development of coordinated and effective
policies to tackle the illegal parrot trade requires not only understanding the temporal and
geographic patterns of the problem itself, but also their proposed solutions. Actions aimed
at regulating different levels of the illegal trade chain cover the reduction of harvesting by
patrolling to controlling trade by enforcement as well as efforts to reduce the demand [15].
The extent to which these solutions are implemented greatly depends on the financial,
capacity building, and legal contexts within source and recipient countries [16]. Recent
multifaceted, interdisciplinary approaches have simultaneously reduced extraction and
demand within source countries [17]. However, it is not clear whether these policy-
oriented initiatives are common or the exception in the practice of tackling illegal parrot
trade. Tallying the frequency of actions across the trade chain including an evaluation
of the base-line information available related to each action, taking into account regional
and temporal contexts, is critical for the development of evidence-based, policy-oriented
interventions [18].

In this study, we used an action-based approach to review published research on the
illegal parrot trade at the global scale to analyze the distribution of conservation aims and
action types among regions and species. We aimed to generate a ‘road map’ for future
research and implementation of anti-trafficking efforts by: (1) understanding how different
actions have been conducted in different geographic, temporal, and taxonomic contexts,
and (2) identifying existing knowledge gaps and highlighting areas where further research
is needed. Furthermore, we discuss how well integrated and consistent actions have been
taken at different points in the trade chain across regions and species in order to better
inform regional policies.

2. Materials and Methods
2.1. Literature Search Strategy

We conducted a specific and a general literature search on the database Web of Science
(WoS). For the specific search, we used terms in English and Spanish: ‘illegal wildlife
trade’, ‘extraction’, or ‘poaching’ combined with terms related with the focal taxonomic
group (‘Psittaciformes’, ‘Psittacidae’, or ‘parrot*s’) in the themes section. We limited the
search until March 2020. This search resulted in a ‘WoS dataset1′ with 166 documents.
The general search included only search terms in English related with the focal taxonomic
group (Psittaci *, parrot *, macaw *, parakeet *, amazon *, cockatoo *). This resulted in a
bigger dataset (12.095 documents, ‘WoS dataset2′).

We also searched in the web pages of international non-governmental organizations
related with the topic (TRAFFIC, WWF, WCS) and in the Mendeley database, in order to
include gray literature not represented in WoS (e.g., reports, books, and thesis). This search
resulted in the ‘gray dataset’ with 88 documents.

We combined the three datasets and removed duplicate documents, resulting in a
final dataset with 11,948 documents published between 1990 and 2020. We then applied
three types of filters. In the first filter, we did an automatic screen of the title, abstract, and
authors’ keywords looking for eight topic specific words (exotic, extract*, illegal, trade,
pet, illicit, market, poach*). We then performed a manual interactive check of the actual
keyword phrases to discard false positives or non-informative keyword combinations, and
to manually add overlooked publications for some countries or taxa of special interest.
After this step, 11,375 documents were discarded as unlikely to have information related to
the wildlife trade. In the second filter, we reviewed the title and abstracts, and if necessary,
also the full text of the 573 remaining documents, and classified them into three main
categories: included in the review (163 documents with original data about illegal parrot
trade), not available (four without abstract or for which no document was found), and
rejected (406). Rejected documents included those evidently off topic of either parrot or
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illegal trade (359), opinion articles or overviews (17), or those mentioning illegal trade only
circumstantially as a threat to the species (30).

2.2. Document Classification

For the 163 documents included in the review, we reviewed the full text and extracted
the information about the countries where the studies were conducted and aggregated them
into five main regions following ISO classification: Africa (Eastern, Northern, Southern and
Western Africa), the Americas (North America, Latin America, and the Caribbean), Asia,
Europe, and Oceania [19]. We also extracted the parrot species reported using the species
list of BirdLife International [20] to unify the species scientific names across documents.

We classified each document according to three variables: (1) level of the trade chain
addressed (supply, transactional or demand); (2) research contribution level (basic knowledge,
implementation, or monitoring); and (3) aims and types of conservation actions implemented
(Table 1). Categories within variables were not exclusive, so documents with multifaceted
approaches were included in more than one category (Table S1 in Supplementary Materials).

Table 1. Illegal wildlife trade mitigation measures scheme used to classify published research about the illegal parrot trade.

Side Actions Aims Action Types Action Examples

Supply side Reduce harvesting

Area based Protected areas, private areas

Species based Bans, extractions quotes

Enforcement Patrols, surveillance, fences, seizing,
prosecutions, extraction bans

Incentives Sustainable use, alternative livelihood

Legal substitutes Captive breeding, ranching

Modelling Population Viability Analysis, CPUE models

Transactional

Aid physical detections

Forensic analysis Forensic analyses

Molecular methods Genetic markers

Citizen science Identification and reporting applications

Locator device Radio tracking, nano locators

Certification schemes Captive breeding certification

Identify network actors

Trade structure Social network analysis, actors description,
actors identification

Market dynamic
Open market surveys, internet markets,

trade routes, parallel trade, dark web, local
market dynamic, import/export dynamic

Extraction dynamic Extraction scope, extraction amount,
extraction dynamic, extraction methods

Demand dynamic Demand scope, demand amount

Legislation

International International convention (CITES),
international bans

Domestic Nation acts, updated legislation

Consortia collaboration Consortia and collaborations, stakeholders
collaboration

Zoonosis control

Detection of infectious diseases Prevalence on wildlife or humans

Monitoring outbreak Transmission dynamics, epidemiology

Effect Mortality rates, survival rates

Invasion control
Risk assessment Driven factors

Status evaluation Status of exotic population
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Table 1. Cont.

Side Actions Aims Action Types Action Examples

Demand Behavior change

Limits on purchase and
possession Keeping bans

Social marketing campaigns Attitudes or perceptions of pet owners,
behavior models

Education Education campaigns

Awareness-raising campaigns Pride campaigns, awareness-raising
campaigns

For the level of the trade chain addressed, we classified as ‘supply’ those documents
addressing how poached individuals enter the trade chain including poaching dynamics
and motivations. We classified as ‘transactional’ the documents describing how the product
is processed as well as how trade is operated, facilitated, or moderated, involving different
intermediaries such as transporters, smugglers, traders, enforcement agents, etc. We also in-
cluded in this category documents describing trade chain structure and dynamics. Documents
describing how and why parrots are purchased were classified as ‘demand’ [21,22].

We defined three broad categories to describe the research contributions. We classified
as ‘basic knowledge’ those studies focusing on understanding patterns and processes
including magnitude and scope of trade, and development of monitoring tools. We
classified as ‘implementation’ those documents describing which and how specific actions
(see below) were implemented. We classified as ‘monitoring’ those evaluating whether
the actions implemented helped to tackle illegal trade, usually implying before–after and
treatment–control comparisons [21,22].

We adopted the illegal wildlife trade mitigation measures scheme proposed by
‘t Sas-Rolfes et al. (2019) to define the aims and types of actions that could be implemented
to tackle the parrot illegal trade. This scheme classifies aims into the following categories
(Table 1): (1) to reduce illegal harvesting (including actions like protecting areas, extraction
bans, sustainable use, alternative livelihood approaches, etc.); (2) to aid in the physical de-
tection of illegal products (e.g., forensic, genetic tools, locator devices); (3) to identify wider
networks of actors and address the enabling environment for illegal wildlife trade (e.g., local
and international market dynamic, extraction scope, extraction amount, extraction dynamic,
etc.); (4) to regulate trade with high-level measures and national legislation (e.g., CITES,
national acts) as well as the establishment of conservation initiatives, consortia, and specialist
groups (e.g., Parrot Researchers Group); (5) to evaluate or control impact on biodiversity (e.g.,
zoonosis, invasive species); and (6) to reduce demand by behavior change either with coercive
measures (e.g., imposing limits on purchase and possession) or encourage behavior change
using awareness, education, or social marketing campaigns (Table 1).

We used a PostgreSQL database and customized PHP and R clients to manage all steps
of filtering, data curation, and annotation. Source codes are available in a public repository.

2.3. Data Analysis

We evaluated temporal patterns in illegal parrot trade publications by aggregating
the number of published documents by year. Additionally, we calculated changes in the
mean of document citations by action aim and by year [23]. We excluded the last two years
to reduce the number of zeros in the sample. We fitted a Poisson mixed model, where the
expected response is given by:

log(E(y|u)) = α + (β + b)year + u (year|action) (1)

where (E(y|u)) is the expected response conditional on u; α is the fixed intercept, and
β is the fixed slope; u and b are the random intercepts and slopes (respectively) that are
normally distributed with mean zero; year is the publication year, and action is the study
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aim as described in Table 1. In such a model, aims with positive random intercepts can
be interpreted as reaching higher than average cited articles in the period. Similarly, aims
with positive random slopes have higher-than-average growth rate (i.e., larger change in
cited publications during the same period) [23].

To visualize taxonomic patterns, we aggregated the number of documents by genera,
aim, and region and represented these relationships with a bar plot. We used the taxonomic
list of BirdLife [24] to aggregate the species reported in their respective genera. We also used
the IUCN conservation status categories reported by BirdLife to describe the distribution
of conservation status of the species by region.

To visualize geographical patterns in the aims reported, we followed a double ap-
proach. We first created an incidence matrix by region where columns were the three
variables assessed (trade chain level, research contribution, and aims and action type)
and rows were the combinations of levels for each variable. We used Sankey diagrams to
represent the distribution of combinations in our multivariate dataset. In Sankey diagrams,
variables are assigned to vertical axes that are parallel. Levels for each variable are repre-
sented by blocks with its size proportional to the frequency of observations. Flow lines
join co-occurring categories in adjacent levels, and flow widths are proportional to their
frequency. Some combinations were not represented in our dataset (i.e., flow = 0).

Finally, we created a country scientific collaboration network with author affiliation
countries as nodes and the number of co-authorships among countries as links. All
affiliations of a given author were considered. Node attributes included the number of
publications and research contribution level. To visualize the relationship between study
location and authorship at the country level, we overlapped the proportion of research
developed in a given country and the proportion of author affiliations for the same country
and represented them in a map.

Analyses were performed using the packages alluvial, lme4, and igraph of R [25,26].

3. Results
3.1. Temporal Patterns

The number of publications related to the illegal parrot trade showed a sharp increase
after 2000, with a mean publication rate of 1 ± 1.66 publication/year between 1990–2000,
which increased sharply after 2001 (7.39 ± 0.38; Figure 2a).

Temporal patterns in aims suggest that documents about behavior change had the high-
est number of citations (rate of change in cited publications; Figure 1b) even though it only
accounts for four published documents. Identification of network actors (143 documents),
harvesting reduction (18), and aid physical detection (36) had low growth rates, with nu-
merous but low cited documents. Actions aimed to control invasion (four documents) and
zoonosis diseases (51 documents) had the lowest rate of change in the cited publications,
even though research about zoonosis control was the second aim with the highest number of
publications (Figure 1b).

3.2. Taxonomic Patterns

We found 165 from 46 genera reported in the illegal parrot trade literature. The top
10 reported species were Psittacus erithacus, Amazona aestiva, Ara ararauna, Ara macao,
Anodorhynchus hyacinthinus, Myiopsitta monachus, Aratinga solstitialis, Amazona ochro-
cephala, Amazona finschi, Amazona auropalliata, and Amazona farinosa.

Research focused on an average of 4.2 ± 0.6 species per document, although 58% of
published documents reported only one species (median = 1, range 0–44; Figure 2a). Traded
species recorded in the published literature were evenly distributed across conservation status
categories in all regions, but in the Americas, where Less Concern and Near Threatened
species reached larger percentages (Figure 2b).
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Figure 1. Temporal pattern in the published illegal parrot trade literature. (a) Published production across the years. The
number of published documents by year (blue bars) and the accumulated number (red line) are shown. (b) Temporal
pattern in action aims reported in the published literature. Hot, medium, and cold documents represent coarse groupings
defined for example purposes only, and should not be considered as statistically robust.

Figure 2. (a) Number species reported in published documents on illegal parrot trade. Median value shown as a dotted red
line. (b) Percentage of species reported as illegally traded for each IUCN conservation status category by region.

Almost half of the genera reported (46%) are under-represented in the illegal parrot
trade literature with none or only one document published (Figure 3). In general, identify-
ing network actors was the most frequent aim reported across all species (Figure 3), but
Amazona and Ara were the genera with higher diversity in aims, with research on aiding
physical detection, identifying network actors, harvesting reduction, and zoonosis control.
Amazona was the only genus for which research aimed to reduce demand through behavior
change has been reported (Figure 3). The second pair of well-studied genera were Brotogeris
and Cacatua, with research on identifying network actors, aiding physical detection, and
reducing harvesting.
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Figure 3. Taxonomic pattern in conservation aims in the published illegal parrot trade literature. The number of documents
by genus and aim are shown. The top 10 most studied genera (with more than 10 documents published) are in bold. Genera
are in alphabetical order from bottom to top. The former genus Aratinga, as reported in the literature, currently comprises
four different genera (Aratinga, Eupsittula, Psittacara, and Thectocercus). Insert: red-masked parakeets (Psittacara erythrogenys,
top) and red-faced lovebirds (Agapornis pullarius, bottom) involved in the domestic and international illegal trade in Peru
and Senegal, respectively (Pictures: José L. Tella).

3.3. Geographic Patterns

The Americas was the region with the highest number of documents regarding the
illegal parrot trade: 129 documents from 22 countries, with Brazil, Bolivia, and Peru
holding the most frequent study locations. Asia was the second best represented region
with 52 documents from 18 countries, with Indonesia, India, Japan, and Singapore as
the most frequent study locations. We recorded 34 documents from 14 African countries,
mainly from South Africa, Guinea, Mali, and Congo. We only recorded six and five
documents for four European and Oceania countries, respectively. The Netherlands and
Australia were the most frequently reported study locations in those regions (Figure 4).
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Figure 4. Geographical representation of published literature on the illegal parrot trade. Countries where studies were
located are grouped by regions and ordered by number of documents recorded.

In general, 90% of research focused on the transactional side of the trade chain, while
the supply and demand side research only represented 8% and 2% of the published research,
respectively. Most of the research (86%) provided basic knowledge, while 6–7% contributed
with monitoring and implementation. About half of the research (55%) focused on identify-
ing network actors, followed by zoonosis control (20%), aid physical detection (14%), and
harvesting reduction (7%). Both invasion control and behavior change represented 4% of the
published research. We only detected one document aimed to evaluate the local legislation to
tackle the illegal parrot trade. There were important regional variations of this general pattern
(Figure 5). At the contribution level, basic knowledge was the only research contribution
detected in Europe (Figure 5d), while in the Americas, Asia, Africa, and Oceania regions,
we also detected examples of implementation and monitoring (Figure 5a–c,e). At the trade
chain level, the Americas was the only region with research on all sides of the trade chain
(Figure 5b), while the supply side research was also present in Asia and Oceania (Figure 5c,e).
Finally, at the aims level, the Americas was the only region with a research focus on behavior
change (Figure 5b), while works about harvesting reduction were lacking in Africa (Figure 5a)
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and Europe (Figure 5d). Research about invasion control was detected in Africa, Asia, and
Oceania (Figure 5a).

Figure 5. Trends in the illegal parrot trade literature in (a) Africa, (b) Americas, (c) Asia, (d) Europe, and (e) Oceania, showing
the combination of research contribution, trade chain focus, and action aims. Each column represents the variables analyzed
about research contribution, trade chain, and actions. Column length is proportional to the number of documents classified
under each variable category. Flows across columns are proportional to the frequencies of variable combinations. Color
flow traces the research contribution level of basic knowledge (beige), action implementation (cyan), and monitoring (red).

Across regions, the Americas had the highest diversity in research, with five aims
(Figure 5b) and 11 action types (Figure 6b). The most prevalent aim was the identification
of network actors, mainly through basic knowledge (Figure 5b) on market, extraction, and
demand dynamics (Figure 6b). Zoonosis control and aid physical detection were the second
most prevalent aims, the former contributing with basic knowledge and implementation
to detect infectious diseases, and the later in genetic methods (Figures 5b and 6b). Reduc-
ing harvesting was the third most frequent action aim with contributions in knowledge,
implementation, and monitoring (Figure 5b) of species-based and enforcement measures
(Figure 6b). Behavior change was far less prevalent, but with documented examples of
monitoring (Figures 5b and 6b).
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Figure 6. Action types used to tackle illegal parrot trade in in (a) Africa, (b) Americas, (c) Asia, (d) Europe, and (e) Oceania.
Percentages of documents reporting each action type are shown. Actions are grouped by aims.

Asia was the second region in research diversity with four aims (Figure 5c) and
nine action types (Figure 6c). Again, the identification of network actors was the main
aim, mostly contributing with basic knowledge, but also with the monitoring of markets,
extraction, and demand market dynamics, and to a lesser extent, with network analysis
(Figure 6c). Reducing harvesting was the second aim recorded, notably contributing with
monitoring (Figure 6c) at the supply level in enforcement and species-based measures
(Figure 6c). Zoonosis control was also an aim in the anti-trafficking efforts recorded for
Asia, with basic knowledge and implementation efforts (Figure 6c) for the detection of
infectious diseases (Figure 6c).

Africa was in the third position of research diversity with four aims (Figure 5a) and
eight action types (Figure 6a), notably, contributing with monitoring in market dynamic
and with basic knowledge for invasion risk assessment. Research in Oceania was character-
ized by providing basic knowledge in four aims and monitoring experience for reducing
harvesting (Figures 5e and 6e).

3.4. Research Collaboration

Global authorship in the illegal parrot trade seems to be highly collaborative, with
most of the research authored by researchers affiliated to institutions in the same country.
The countries with the best balance between number of studies and authorship from the
same country were Brazil, Australia, and China (Figure 7).
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Figure 7. Geographic distribution of the study locations and authorship on the illegal parrot trade. Red circles indicate
country-level illegal parrot trade research and blue circles indicate country-level author affiliations, with purple circles
where both overlap. Circle sizes are proportional to the maximum value in each dataset (logarithm). Wider blue rings
indicate disproportionately higher number of researchers than research specific to that country (e.g., the United Kingdom
and Canada), whereas wider orange rings (e.g., Bolivia, Peru) indicate the opposite. Purple circles with no external rings
indicate a proportionally similar number of studies and authors from a given country (e.g., Brazil, Australia, and China).

Authors affiliated with institutions in the UK, USA, and Spain were more prevalent, but
their contribution focused on other countries, generating three predominant collaboration
nodes (Figure 8). The first was the American group dominated by authors affiliated with
institutions in the USA, collaborating mainly with authors in South America. The UK group,
dominated by authors from the UK, collaborated with African, Asian, and European institu-
tions. The connection between the American and the UK groups was low (Figure 8). The third
was the collaboration node formed by Spain–Argentina–Colombia–Paraguay (Figure 8). We
additionally detected two isolated nodes, one formed by Mexico–Cuba–Ecuador and another
by Netherlands–Italy–Malaysia–Singapore (Figure 8).

Figure 8. International collaboration network recorded in the illegal parrot trade literature. Circle
size is proportional to the number of authors with a given country affiliation. Only the 40 most
frequent country affiliations are shown. Collaboration nodes are represented by different colors.
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4. Discussion

Globally, birds are the group with more species facing the illegal wildlife trade among
all vertebrates (45% of their species) and estimates of future trade suggest the addition of
230–1475 bird species [1]. Aside from this alarming prevalence, the fact that the wildlife
trade has caused a 62% decline in species [27] calls for a strategic plan to combat this threat
with policies that are proactive rather than reactive [1]. Developing such a strategic plan re-
quires tracing the actions implemented, understanding how well integrated and consistent
these actions are regarding to local market dynamics, and evaluating their effectiveness.
Our review takes a step forward to build this plan for parrots, one of the most traded
bird orders, by providing the first literature synthesis of the illegal parrot trade using an
action-based approach. This approach not only describes the current geographic, temporal,
and taxonomic pattern of the conservation aims and actions taken, but also allows us to vi-
sualize how articulated the actions and market patterns are. Furthermore, our action-based
approach allows us to identify strategies used to tackle illegal trade in other taxa (e.g., rhi-
nos, elephants, other bird groups) that have been little or not recorded in the illegal parrot
trade literature. Although we did not evaluate the effectiveness of the implemented actions,
this baseline will support the future development of quantitative meta-analyses estimat-
ing action-driven recovery to inform the much needed implementation and monitoring
interventions to reduce the impact of illegal trade on parrot populations.

4.1. Relevant Topics: Extraction Dynamics

Illegal parrot trade research has largely focused on identifying actor networks: this
aim represented half of the published literature and was the most prevalent aim across
regions and genera (Figures 5 and 6). The two most relevant topics were the scope of the
traded product (extraction dynamic, Figure 6) and the scale of market operations in terms
of source-destination countries and trade routes (market dynamic, Figure 6).

Beyond how much and which species are traded, there is an active discussion of
whether the scope of the traded product (live wild-caught parrots) is opportunistic, with
more abundant and available species facing higher extractions, or is selective, thus focusing
on particular species [28]. Disentangling these hypotheses requires testing whether species
are poached proportionally or not to their abundance in the wild, and both the opportunis-
tic [29] and selective poaching [30] of parrots were supported when using rough proxies
of their abundance in the wild. However, Romero-Vidal et al. [27] recently demonstrated,
by simultaneously measuring the relative abundance of parrot species in the wild and as
poached pets, that those species preferred as pets (due to their coloration, size, and ability
to imitate human speech) were selectively poached. The over-exploitation of selected
species, rather than the opportunistic harvesting of the commonest species, increases the
concerns on the impact of poaching and the illegal trade and the challenges of conservation
actions aimed to halt it [31].

Thus far, actions used to reduce the harvesting of wild-caught parrots has been more
diverse in the Americas, where examples of species-based actions like quota systems [32],
and local enforcement measures like seizure [33] and nest protection [34–37] have been
implemented and monitored (Figure 6). The widespread use of enforcement measures
in the Americas agrees with the perception among researchers and practitioners in the
region that enforcement is the most efficient measure to combat the illegal bird trade [38].
Examples of prosecution [39] and nest protection in Oceania, Asia [40,41], and Africa [42]
have been less frequent.

Alternative actions used in other illegally traded species such as protecting areas [43,44],
livelihood incentives, and using legal substitutes [45,46] are scarcely recorded in the illegal par-
rot trade literature. The impact of extraction for trade in vertebrates in general is significantly
lower in protected areas than in unprotected ones, meaning that successful conservation
of many traded species is intertwined with improved integrity of protected areas and the
maintenance of true wilderness [27]. That the role of area protection in preventing the illegal
parrot trade has been little evaluated is of particular concern given that the distribution of
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several threatened parrot species facing trade occurs into protected areas [24]. The impacts of
protection against the nest poaching of parrots have been evaluated in different countries and
continents [10,40]. However, as authors have used a wide definition of protection, covering
nest-site protection to national bans, tribal laws banning exploitation and reserve designation,
it is difficult to disentangle the contribution of the different protection actions. Nonetheless,
the fact that the numbers of Lear’s macaws (Anodorhynchus leari) annually seized by the
authorities have significantly decreased after protecting their main nesting areas suggests a
positive effect of area protection, at least for an extremely range-restricted species [47].

Another ‘missing’ action in the illegal parrot trade literature is the use of ecotourism
incentives for local communities aimed to reduce poaching. Interestingly, examples in
other taxa of successful ecotourism incentives mainly depend on protected areas [48,49].
For parrots, ecotourism initiatives have been used to increase general public awareness
toward parrot conservation problems and as a source of funding to support research [50],
but not as a way to generate direct payments to reduce illegal hunting and trade [49].

Although the role of captive breeding operations in providing legal substitutes to
cover parrot demand for the pet market has been mentioned [31,51,52], we did not detect
in-depth analyses of the real capacity and scope of the current captive breeding facilities to
cover the current parrot demand, or an evaluation of the legal and illegal trade relationship
(but see [32]). An in-depth and quantitative analysis of the scope, size, and extent of
captive breeding and their role in the legal and illegal trade of parrot species across regions
could help to understand the opportunities and limitations of market-driven conservation
approaches [45,47].

4.2. Relevant Topics: Market Dynamics

The second topic largely discussed in the illegal parrot trade literature was market
dynamics including the actors involved and the scale at which market operations occur
(Figure 6). In general, research has focused on describing the elements comprising the
market itself: actors involved, extraction rates, routes, and market value. Less attention has
been paid to understanding their dynamics, or how changes in socio-economic contexts or
conservation interventions affect them. An exception exists, however, in Africa [53], where
long-term monitoring of transactions of the Grey and Timneh parrots (Psittacus erithacus
and P. timneh) have been developed.

Nevertheless, the accumulated knowledge of illegal parrot trade markets allows
us to draw a bigger picture of the different dynamics occurring across regions. In the
Americas, for example, the current illegal parrot trade is largely driven by local markets
with small-scale activity [54]. The trade network seems to be composed of widespread
but not organized intermediaries, working independently [29,54]. Moreover, in Colombia
and some areas of Ecuador and Venezuela, most parrots are poached locally to satisfy
the demand of household pets without entering markets [28,31,55,56], a fact that could
be extended across the Americas. Further research is thus needed to estimate the actual
volumes of poached parrots, which may be much higher than those estimated when only
surveying illicit markets [57]. Moreover, the increasing professionalization of criminal
groups in wildlife trafficking [58] in the region may be creating new markets and routes [59].

African and Asian markets are less documented than the American ones [11], but
insights from the most traded African species, P. erithacus and P. timneh, show complex
markets with shifting geographical patterns of imports, exports, and re-exports of wild-
sourced and captive-bred birds across time [3]. In contrast to American markets, the role
of criminal actors exploiting the legal trade in parrots to traffic threatened and protected
species in international markets is more evident in African and Asian contexts [60]. Trade
of wild-caught parrots at local African markets seems to be extremely low and largely
opportunistic [11,40,61].

Oceanian markets, dominated by Australian research, provide a very interesting and
contrasting scenario: local and international illegal trade of native Australian parrots is
insignificant, and 89% of demand for Australian parrot species is supplied by overseas cap-
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tive breeding populations [51,62,63]. Effective national trade bans and successful captive
breeding programs have been proposed as the main explanation for this achievement [62].

At any case, the legal or illegal nature of parrot market dynamics could be affected by
how the trade in parrots is perceived in different countries, which may differ substantially
across regions [38]. For example, in South America, enforcement staff perceive that wildlife
trade is a minor offense, and frequently release minor offenders without issuing any further
notification or providing basic information about the incident (e.g., species used, number
of specimens, locality, date, etc.) to administrative officers [64]. Similarly, difficulties
associated with law enforcement, monitoring, and discerning between legal and illegal
trade have been identified in other regions as critical issues in wildlife trade [38]. Legal
wildlife trade remains largely unexplored despite its scale, with 34% of the trade described
with broad code descriptions and without detailed taxonomic information, despite en-
compassing thousands of species [65]. Clearer documentation of the quantity and identity
of imports, together with more funding, personnel, and training in species identification,
would improve the staff’s ability to detect irregularities [65].

4.3. Actions across Regions: Facts, Gaps, and Opportunities

Regional differences in the market dynamics of the illegal parrot trade highlight the
need for regional tailored actions. For example, actions focused on reducing extraction
(e.g., nesting site surveillance, seizures, prosecution) and reducing demand of wild-caught
parrots through behavior change campaigns could be best suited to tackle the prevalent
local markets in the Americas.

The behavior change approach to reduce the local demand of threatened parrots is
an emerging topic (Figure 1b), with the Americas the only region on which this topic has
been developed (Figure 5b). Few but highly cited studies provide baseline knowledge
about people’s attitudes and motivations to keep parrots as pets [56,66–68], and examples
of implementation and monitoring of social marketing campaigns to reduce demand and
poaching of the threatened Amazona barbadensis in Bonaire [17,69]. Given the cultural
nature of parrot ownership [68,69], there is an increasing need for more in-depth and
culturally sensitive research to inform and develop interventions targeted at changing
consumer preferences and purchasing behaviors [70–72]. While identifying the attitudes
and motivations of consumers is a relevant first step, further efforts should include the use
of behavior models such as the theory of planned behavior [73]. Behavior models allow for
the identification and prioritization of the underlying factors influencing the behavior to
be changed (e.g., attitudes, social norms, perceived control; [74]), and for this information
to be used to develop effective interventions targeted at the key actors identified [55].

For African, Asian, and Oceanian markets where the risk of laundering illegally
caught parrots into the legal trade is higher, reliable and effective methods to identify
species and their origin could help to distinguish between legal and illegal trade, and
whether the specimen comes from a threatened population [75–77]. Genetic methods
to accurately identify species, kinship, and geographic origin of illegally traded parrots
have been developed for several Amazona, Anodorhynchus, Cacatua, and Ara species in the
Americas and Europe [78–82], and for Poicephalus [83,84] and Psittacus [85,86] in Africa.
Encouragingly, beyond basic knowledge generation, these genetics tools have been tested
in Australia [87–89], Brazil [78], and Colombia [90] (Figures 5 and 6). However, this
implementation experience, and worryingly, even baseline knowledge seems to be absent
in Asia (Figure 3, Figure 5, and Figure 6), where countries such as Singapore are well
known important trans-shipment hubs where wild-caught parrots are laundered as captive
bred to fuel the pet trade market [91].

Development of tools for identifying the geographic origin of a specimen in a forensic
context remains in its early stages for most species [77,92], and parrots are not the exception.
Low availability of parrot genomes, and the lack of reference databases, especially for rare
species or species with distribution ranges located in remote areas [76,77], help explain
why genetic and forensic methods to aid physical detection have been developed for only
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a few species (Figure 4), and why the popularity of this topic has decreased across time
(Figure 1b). However, recent developments in genomics tools and stable isotope analyses
for African grey parrots [85] could provide innovative solutions to cross the bridge across
research–implementation, allowing a wider implementation of forensic tools to tackle the
illegal parrot trade [59].

Nonetheless, the illegal parrot trade could benefit from diversification in the methods
used to aid in the physical detection of traded parrots. Passive integrated transponder
devices (PIT tags) and closed bands [93] have been used by CITES to verify that an animal
is captive bred, as opposed to wild caught, as a mechanism for monitoring illegal harvest
of animals in international trade [94]. Additionally, multidisciplinary approaches using
machine learning and citizen science have been proposed to monitor the illegal trade in
social media [95].

Beyond species and trade markets, generating a comprehensive picture of the illegal
parrot trade requires linking this information across actors in the trade chain and evaluating
the economic and social factors shaping the actors’ decisions [96–98]. That is, it requires
an understanding of the network structure, which is poorly known for the illegal parrot
trade across all regions (Figures 5 and 6). We detected only one study aimed at evaluating
changes in the network structure in Indonesia, where parrot keeping has shifted from an older
person’s hobby to increasingly involving younger people [99]. Besides general descriptions
about poaching methods and smuggling routes [52,100], there is not a nuanced description of
actor typology [21] involved in the parrot trade, their roles, interactions, levels of economic
reliance, and knowledge. Social network analysis has already been used to identify key
countries that play crucial roles in the illegal trade network of African parrots [3,98]. A wider
application of this approach could help to improve our understanding of the interaction
among actors and products, which in turn could help to identify opportunities for conserva-
tion intervention tailored to the specific actor group [101–104]. Recent research in the Red
Siskin (Spinus cucullatus), a globally Endangered finch threatened by illegal trade, combined
tools from social network analysis, interviews, social media monitoring, and the literature
to describe the trade network for this species [101], which could be applied to the illegal
parrot trade.

Finally, the link between the illegal parrot trade and transmission of zoonotic diseases
has been largely explored (20% of the documents in the illegal parrot trade literature) in
the Americas (mainly Brazil) and in Europe. Basic knowledge about the prevalence of
Newcastle disease, Chlamydiophila psittaci, avian influenza virus, new beak and feather
disease, and Psittacine Herpesvirus have been reported for the Americas [105–107] and
Europe [108,109]. Additionally, outbreaks affecting wildlife have been reported for the
Americas [110–112] and Oceania [113,114], while those affecting humans have been only
recorded in the Americas [9,115]. In Africa, only studies about the prevalence of beak
and feather disease were detected [116]. In contrast, the relationship between illegal trade
and the establishment of non-native populations has been less studied. While there is
clear evidence for the role of the international legal trade on the establishment of several
parrot species out of their native ranges [116,117], we only detected one study that clearly
related illegal trade events with the establishment of Psittacula krameri populations in
South Africa [117]. Nonetheless, non-native populations in the Americas are probably
related to the domestic illegal trade, but have been scarcely reported [6], a fact that merits
further research.

4.4. Biases and Pitfalls

Our literature review had geographic, linguistic, and temporal sampling biases, which
could have affected the results in two main ways: (1) causing an underestimate of the
magnitude of research, and (2) detecting a smaller diversity of aims and actions than
what actually exists. The fact that our search strategy used only terms in English and
Spanish likely under detected the published literature in Asian languages. The Asian
documents recorded were published in collaboration with the UK and Netherlands-based
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institutions (Figure 8), but the high prevalence of local researchers (red halo in Figure 7)
suggests that part of the research could be under detected because it is published in local
languages. Overcoming the under detection of documents published in local languages is
important because they could be those making the greatest impact on policy change and
the implementation of conservation actions at local contexts. Clearly, greater monitoring
effort, using a wider battery of languages including French, Chinese, Bahasa Indonesia, and
Bahasa Malaya, would be necessary to better understand trade in Africa and Asia, which
appears to be influencing demand for wildlife in the Americas, creating new markets and
routes [59], and emerging as an important transit point for the illegal trade of wild-caught
Grey parrots [53].

Detectability of the aims and action types was also likely reduced by the incomplete-
ness of sources. Additional implementation and monitoring research results are likely
hidden in the gray literature (i.e., reports and theses), which was under-represented in
WoS. Although we were able to include reports from international NGOs working on the
topics, gray literature represented only 5% of the analyzed documents. However, this
high emphasis in the generation of basic knowledge but lower effort in implementation or
monitoring, agrees with description of the knowledge–implementation gap observed in
other conservation topics [18,118,119].

Besides detectability biases related to the limitations of our searching strategy, we
also identified intrinsic geographic and taxonomic biases related to the dynamics of illegal
parrot trade research. Although our review is representative of parrot species occurring
globally (37% of species included in CITES; [2]), the over representation of a handful of
them (Figure 3), mostly genera with American (Amazona, Anodorhynchus, Ara, Aratinga)
and Australasian (Cacatua) distribution, suggests a taxonomic bias. As expected, for many
rare, range restricted species, there are few studies, and even fewer implementation and
monitoring examples, while the most conspicuous species with large distributions might be
over-represented in the analysis likely because they are easier to detect. This pattern may
represent a combination of: (1) a higher diversity of American parrots compared to other
regions (233 spp in the Americas versus 128 spp in Asia and 129 in Oceania; [120]), (2) higher
scientific capacity in the Americas both in terms of number of countries with research in
the topic (39%) and number of documents published (65%; Figure 4), and (3) preferences
toward highly attractive species for both consumers [30] and researchers [121]. In any
case, the threat status seems to vary across regions, with the Americas showing an over
representation of less threatened species, while the others have focused on more threatened
ones (Figure 2b). In any case, the focus on American attractive parrots observed in the
illegal parrot trade research agrees with those observed in mammals, for whom the scientific
capacity of the countries where a species occurs is a strong driver of conservation research
bias [122].

Filling the gap in information about the illegal trade for rare and endemic parrot
species is clearly an important issue in order to obtain a comprehensive dataset. Supporting
research in countries with low scientific capacity and high biodiversity in close collaboration
between practitioners and academics could be an important first step [123].

5. Conclusions

The illegal parrot trade research has been largely collaborative and interdisciplinary,
incorporating concepts and methods from criminology, veterinary, human sciences, and ge-
netics, but most of those tools have focused on describing the trade process itself. Description
of the component of trade is, however, only the first step to understand the illegal parrot
trade and identify timely and effective actions. Our review shows that the illegal parrot trade
research has compiled enough information to build a sketch of trade patterns. However,
there are increasing calls to adopt multifaceted approaches that go beyond description, can
integrate the information available, and build a comprehensive picture of trade networks
including addressing the drivers of illegal trade by acknowledging market conditions, con-
sumer preferences, and the socioeconomic needs of communities at the local level [96,124].
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Additional efforts are required to improve the actor typology and how they interact as well as
how products and money fluxes into the network vary responding to socio-economic and
conservation contexts. The predominant local market dynamics highlight that more effort is
needed to improve our knowledge at the supply side of the trade chain including measuring
the current volume of poached parrots instead of traded ones.

This review represents a baseline compilation of information about the aims and
actions for tackling the illegal parrot trade at a global scale, allowing for the identification
of alternative actions in other illegally traded species that have not yet been properly
explored in the parrot trade literature. Protecting areas, livelihood incentives, and legal
substitutes have proven to be effective in reducing poaching and harvesting in other
species and are worthy of exploring in parrots. In addition, the use of tools and concepts
from the social sciences are emerging as a promising approach to better understand the
actors’ motivations across the trade chain and design culturally sensitive, behavior-based
interventions. Nonetheless, a more comprehensive evaluation of the effectiveness of the
implemented actions will require measuring their effect-size on relevant illegal wildlife
trade indicators [125].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/d13050191/s1, Table S1: Bibliographic information of the documents manually reviewed
as provided in bibtex format. Classification of the document included in the review follows the
action-based approach described in this manuscript.

Author Contributions: Conceptualization, A.S.-M., J.R.F.-P., J.L.T., and J.P.R.; Data curation, A.S.-M.;
Formal analysis, A.S.-M.; Investigation, A.S.-M. and J.R.F.-P.; Methodology, A.S.-M.; Writing–original
draft, A.S.-M.; Writing–review & editing, A.S.-M., J.R.F.-P., J.L.T., and J.P.R. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Whitley-Segre Conservation Fund, Kilverstone Wildlife
Charitable Trust, and World Land Trust.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Scheffers, B.R.; Oliveira, B.F.; Lamb, L.; Edwards, D.P. Global wildlife trade across the tree of life. Science 2019, 366, 71–76.

[CrossRef] [PubMed]
2. CITES Trade Database, UNEP World Conservation Monitoring Centre, Cambridge, UK. Available online: http://www.unep-

wcmc.org/citestrade/trade.cfm (accessed on 22 September 2020).
3. Martin, R.O. Grey areas: Temporal and geographical dynamics of international trade of grey and timneh parrots (Psittacus

erithacus and P. timneh) under CITES. Emu 2017, 118, 113–125. [CrossRef]
4. Berkunsky, I.; Quillfeldt, P.; Brightsmith, D.; Abbud, M.; Aguilar, J.; Alemán-Zelaya, U.; Aramburú, R.; Arce Arias, A.; Balas

McNab, R.; Balsby, T.; et al. Current threats faced by Neotropical parrot populations. Biol. Conserv. 2017, 214, 278–287. [CrossRef]
5. Cardador, L.; Lattuada, M.; Strubbe, D.; Tella, J.L.; Reino, L.; Figueira, R.; Carrete, M. Regional bans on wild-bird trade modify

invasion risks at a global scale. Conserv. Lett. 2017, 10, 717–725. [CrossRef]
6. Mori, E.; Grandi, G.; Menchetti, M.; Tella, J.L.; Jackson, H.A.; Reino, L.; van Kleunen, A.; Figueira, R.; Ancillotto, L. Worldwide

distribution of non–native Amazon parrots and temporal trends of their global trade. Anim. Biodivers. Conserv. 2017, 40, 49–62.
[CrossRef]

7. Menchetti, M.; Mori, E. Worldwide impact of alien parrots (Aves Psittaciformes) on native biodiversity and environment: A review.
Ethol. Ecol. Evol. 2014, 26, 172–194. [CrossRef]

8. Matias, C.A.R.; Pereira, I.A.; dos Santos de Araújo, M.; Santos, A.F.M.; Lopes, R.P.; Christakis, S.; dos Prazeres Rodrigues, D.;
Siciliano, S. Characteristics of Salmonella spp. Isolated from wild birds confiscated in illegal trade markets, Rio de Janeiro, Brazil.
BioMed Res. Int. 2016, 2016, 3416864. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/d13050191/s1
https://www.mdpi.com/article/10.3390/d13050191/s1
http://doi.org/10.1126/science.aav5327
http://www.ncbi.nlm.nih.gov/pubmed/31604304
http://www.unep-wcmc.org/citestrade/trade.cfm
http://www.unep-wcmc.org/citestrade/trade.cfm
http://doi.org/10.1080/01584197.2017.1369854
http://doi.org/10.1016/j.biocon.2017.08.016
http://doi.org/10.1111/conl.12361
http://doi.org/10.32800/abc.2017.40.0049
http://doi.org/10.1080/03949370.2014.905981
http://doi.org/10.1155/2016/3416864
http://www.ncbi.nlm.nih.gov/pubmed/26881216


Diversity 2021, 13, 191 18 of 22

9. Lopes, E.S.; Maciel, W.C.; Medeiros, P.H.Q.S.; Bona, M.D.; Bindá, A.H.; Lima, S.V.G.; Gaio, F.C.; Teixeira, R.S.C. Molecular
diagnosis of diarrheagenic Escherichia coli isolated from Psittaciformes of illegal wildlife trade. Pesqui. Vet. Bras. 2018, 38, 762–766.
[CrossRef]

10. Wright, T.F.; Toft, C.A.; Enkerlin-Hoeflich, E.; Gonzalez-Elizondo, J.; Albornoz, M.; Rodríguez-Ferraro, A.; Rojas-Suárez, F.;
Sanz, V.; Trujillo, A.; Beissinger, S.R.; et al. Nest poaching in Neotropical parrots. Conserv. Biol. 2001, 15, 710–720. [CrossRef]

11. Martin, R.O.; Perrin, M.R.; Boyes, R.S.; Abebe, Y.D.; Annorbah, N.D.; Asamoah, A.; Bizimana, D.; Bobo, K.S.; Bunbury, N.;
Brouwer, J.; et al. Research and conservation of the larger parrots of Africa and Madagascar: A review of knowledge gaps and
opportunities. Ostrich 2014, 85, 205–233. [CrossRef]

12. Roldán-Clarà, B.; López-Medellín, X.; Espejel, I.; Arellano, E. Literature review of the use of birds as pets in Latin-America, with a
detailed perspective on Mexico. Ethnobiol. Conserv. 2014, 3, 1–18. [CrossRef]

13. Pires, S.F. The illegal parrot trade: A literature review. Glob. Crime 2012, 13, 176–190. [CrossRef]
14. Weston, M.K.; Memon, M.A. The illegal parrot trade in Latin America and its consequences to parrot nutrition, health and

conservation. Bird Popul. 2009, 9, 76–83.
15. ‘t Sas-Rolfes, M.; Challender, D.W.S.; Hinsley, A.; Veríssimo, D.; Milner-Gulland, E.J. Illegal wildlife trade: Patterns, processes,

and governance. Annu. Rev. Environ. Resour. 2019, 44, 1–28. [CrossRef]
16. Broad, S.; Mulliken, T.; Roe, D. The nature and extent of legal and illegal trade in wildlife. In The Trade in Wildlife: Regulation for

Conservation; Oldfield, S., Ed.; Earthscan Publications, Ltd.: London, UK, 2003; pp. 3–22.
17. Salazar, G.; Mills, M.; Verissimo, D. Qualitative impact evaluation of a social marketing campaign for conservation. Conserv. Biol.

2018, 33, 634–644. [CrossRef]
18. Toomey, A.H.; Knight, A.T.; Barlow, J. Navigating the space between research and implementation in conservation. Conserv. Lett.

2017, 10, 619–625. [CrossRef]
19. International Organization for Standardization. ISO 3166 Country Codes. Available online: https://www.iso.org/iso-3166

-country-codes.html (accessed on 2 January 2021).
20. BirdLife International Data Zone. Available online: http://datazone.birdlife.org/species/search (accessed on 3 May 2020).
21. Phelps, J.; Biggs, D.; Webb, E.L. Tools and terms for understanding illegal wildlife trade. Front. Ecol. Environ. 2016, 14, 479–489.

[CrossRef]
22. Cooney, R.; Kasterine, A.; MacMillan, D.; Milledge, S.; Nossal, K.; Roe, D.; Sas-Rolfes, M.t. The Trade in Wildlife: A Framework to

Improve Biodiversity and Livelihood Outcomes; International Trade Centre: Geneva, Switzerland, 2015.
23. Westgate, M.J.; Barton, P.S.; Pierson, J.C.; Lindenmayer, D.B. Text analysis tools for identification of emerging topics and research

gaps in conservation science. Conserv. Biol. 2015, 29, 1606–1614. [CrossRef]
24. BirdLife International IUCN Red List for birds. Available online: http://www.birdlife.org (accessed on 10 October 2019).
25. Csardi, G.; Nepusz, T. The Igraph Software Package for Complex Network Research. Inter J. Complex Syst. 2006, 1695, 1–9.
26. R Development Core Team. R: A Language and Environment for Statistical Computing; V. 3.6.2.; R Foundation for Statistical

Computing: Viena, Austria, 2019.
27. Morton, O.; Scheffers, B.R.; Haugaasen, T.; Edwards, D.P. Impacts of wildlife trade on terrestrial biodiversity. Nat. Ecol. Evol.

2021, 5, 540–548. [CrossRef]
28. Biddle, R.; Solis-Ponce, I.; Jones, M.; Pilgrim, M.; Marsden, S. Parrot ownership and capture in coastal Ecuador: Developing a

trapping pressure index. Diversity 2021, 13, 15. [CrossRef]
29. Pires, S.; Clarke, R.V. Are parrots craved? An analysis of parrot poaching in Mexico. J. Res. Crime Delinq. 2012, 49, 122–146.

[CrossRef]
30. Tella, J.L.; Hiraldo, F. Illegal and legal parrot trade shows a long-term, cross-cultural preference for the most attractive species

increasing their risk of extinction. PLoS ONE 2014, 9, e107546. [CrossRef]
31. Romero-Vidal, P.; Hiraldo, F.; Rosseto, F.; Blanco, G.; Carrete, M.; Tella, J.L. Opportunistic or Non-Random Wildlife Crime?

Attractiveness rather than abundance in the wild leads to selective parrot poaching. Diversity 2020, 12, 314. [CrossRef]
32. Daut, E.F.; Brightsmith, D.J.; Mendoza, A.P.; Puhakka, L.; Peterson, M.J. Illegal domestic bird trade and the role of export quotas

in Peru. J. Nat. Conserv. 2015, 27, 44–53. [CrossRef]
33. de Oliveira, E.S.; de Freitas Torres, D.; da Nóbrega Alves, R.R. Wild animals seized in a state in Northeast Brazil: Where do they

come from and where do they go? Environ. Dev. Sustain. 2020, 22, 2343–2363. [CrossRef]
34. Hanks, C. Spatial Patterns in Guyanas’s Wild Bird Trade; University of Texas: Austin, TX, USA, 2005.
35. Vaughan, C.; Nemeth, N.M.; Cary, J.; Temple, S. Response of a Scarlet Macaw Ara macao population to conservation practices in

Costa Rica. Bird Conserv. Int. 2005, 15, 119–130. [CrossRef]
36. Briceño-Linares, J.M.; Rodríguez, J.P.; Rodríguez-Clark, K.M.; Rojas-Suárez, F.; Millán, P.A. Adapting to changing poaching

intensity of yellow-shouldered parrot (Amazona barbadensis) nestlings in Margarita Island, Venezuela. Biol. Conserv. 2011,
144, 1188–1193. [CrossRef]

37. González, J.A. Harvesting, local trade, and conservation of parrots in the Northeastern Peruvian Amazon. Biol. Conserv. 2003,
114, 437–446. [CrossRef]

38. Ribeiro, J.; Reino, L.; Schindler, S.; Strubbe, D.; Vall-llosera, M.; Araújo, M.B.; Capinha, C.; Carrete, M.; Mazzoni, S.; Monteiro, M.;
et al. Trends in legal and illegal trade of wild birds: A global assessment based on expert knowledge. Biodivers. Conserv. 2019,
28, 3343–3369. [CrossRef]

http://doi.org/10.1590/1678-5150-pvb-5083
http://doi.org/10.1046/j.1523-1739.2001.015003710.x
http://doi.org/10.2989/00306525.2014.948943
http://doi.org/10.15451/ec2014-10-3.5-1-18
http://doi.org/10.1080/17440572.2012.700180
http://doi.org/10.1146/annurev-environ-101718-033253
http://doi.org/10.1111/cobi.13218
http://doi.org/10.1111/conl.12315
https://www.iso.org/iso-3166-country-codes.html
https://www.iso.org/iso-3166-country-codes.html
http://datazone.birdlife.org/species/search
http://doi.org/10.1002/fee.1325
http://doi.org/10.1111/cobi.12605
http://www.birdlife.org
http://doi.org/10.1038/s41559-021-01399-y
http://doi.org/10.3390/d13010015
http://doi.org/10.1177/0022427810397950
http://doi.org/10.1371/journal.pone.0107546
http://doi.org/10.3390/d12080314
http://doi.org/10.1016/j.jnc.2015.06.005
http://doi.org/10.1007/s10668-018-0294-9
http://doi.org/10.1017/S0959270905000092
http://doi.org/10.1016/j.biocon.2010.12.010
http://doi.org/10.1016/S0006-3207(03)00071-5
http://doi.org/10.1007/s10531-019-01825-5


Diversity 2021, 13, 191 19 of 22

39. Alacs, E.; Georges, A. Wildlife across our borders: A review of the illegal trade in Australia. Aust. J. Forensic Sci. 2008, 40, 147–160.
[CrossRef]

40. Pain, D.J.; Martins, T.L.F.; Boussekey, M.; Diaz, S.H.; Downs, C.T.; Ekstrom, J.M.M.; Garnett, S.; Gilardi, J.D.; McNiven, D.; Primot,
P.; et al. Impact of protection on nest take and nesting success of parrots in Africa, Asia and Australasia. Anim. Conserv. 2006,
9, 322–330. [CrossRef]

41. Barré, N.; Theuerkauf, J.; Verfaille, L.; Primot, P.; Saoumoé, M. Exponential population increase in the endangered Ouvéa Parakeet
(Eunymphicus uvaeensis) after community-based protection from nest poaching. J. Ornithol. 2010, 151, 695–701. [CrossRef]

42. Baker, N.E. The Live Bird Trade in Tanzania; lUCN Species Survival Commission: Daar Es Salaam, Tanzania, 1991; ISBN 2831703654.
43. McCallum, J.W.; Rowcliffe, J.M.; Cuthill, I.C. Conservation on international boundaries: The impact of security barriers on

selected terrestrial mammals in four protected areas in Arizona, USA. PLoS ONE 2014, 9, e93679. [CrossRef]
44. Watson, F.; Becker, M.S.; McRobb, R.; Kanyembo, B. Spatial patterns of wire-snare poaching: Implications for community

conservation in buffer zones around National Parks. Biol. Conserv. 2013, 168, 1–9. [CrossRef]
45. Jepson, P.; Ladle, R.J. Bird-keeping in Indonesia: Conservation impacts and the potential for substitution-based conservation

responses. Oryx 2005, 39, 442–448. [CrossRef]
46. Jepson, P.; Ladle, R.J.; Sujatnika. Assessing market-based conservation governance approaches: A socio-economic profile of

Indonesian markets for wild birds. Oryx 2011, 45, 482–491. [CrossRef]
47. Barbosa, A.E.A.; Tella, J.L. How much does it cost to save a species from extinction? Costs and rewards of conserving the Lear’s

macaw. R. Soc. Open Sci. 2019, 6, 190190. [CrossRef] [PubMed]
48. Aseres, S.A.; Sira, R.K. Ecotourism development in Ethiopia: Costs and benefits for protected area conservation. J. Ecotourism

2020, 1–26. [CrossRef]
49. Eshoo, P.F.; Johnson, A.; Duangdala, S.; Hansel, T. Design, monitoring and evaluation of a direct payments approach for an

ecotourism strategy to reduce illegal hunting and trade of wildlife in Lao PDR. PLoS ONE 2018, 13, e0186133. [CrossRef]
50. Brightsmith, D.J.; Stronza, A.; Holle, K. Ecotourism, conservation biology, and volunteer tourism: A mutually beneficial

triumvirate. Biol. Conserv. 2008, 141, 2832–2842. [CrossRef]
51. Vall-llosera, M.; Cassey, P. ‘Do you come from a land down under?’ Characteristics of the international trade in Australian

endemic parrots. Biol. Conserv. 2017, 207, 38–46. [CrossRef]
52. Ortiz-von Halle, B. Bird’s-Eye View: Lessons from 50 Years of Birds Trade Regulation & Conservation in Amazon Countries; TRAFFIC:

Cambridge, UK, 2018; ISBN 9781911646044.
53. Martin, R.O.; Senni, C.; D’Cruze, N.C. Trade in wild-sourced African grey parrots: Insights via social media. Glob. Ecol. Conserv.

2018, 15, e00429. [CrossRef]
54. Reuter, P.; O’Regan, D. Smuggling wildlife in the Americas: Scale, methods, and links to other organised crimes. Glob. Crime 2017,

18, 77–99. [CrossRef]
55. Sánchez-Mercado, A.; Blanco, O.; Sucre-Smith, B.; Briceño-Linares, J.M.; Peláez, C.; Rodríguez, J.P. When good attitudes are

not enough: Understanding intentions to keep Yellow Shouldered Amazons as pets in Margarita Island, Venezuela. Oryx 2021,
in press.

56. Sánchez-Mercado, A.; Blanco, O.; Sucre-Smith, B.; Briceño-Linares, J.M.; Peláez, C.; Rodríguez, J.P. Using peoples’ perceptions to
improve conservation programs: The Yellow-shouldered Amazon in Venezuela. Diversity 2020, 12, 342. [CrossRef]

57. Gastañaga, M.; MacLeod, R.; Hennessey, B.; Núñez, J.U.; Puse, E.; Arrascue, A.; Hoyos, J.; Chambi, W.M.; Vasquez, J.; Engblom, G.
A study of the parrot trade in Peru and the potential importance of internal trade for threatened species. Bird Conserv. Int. 2011,
21, 76–85. [CrossRef]

58. Gluszek, S.; Ariano-Sánchez, D.; Cremona, P.; Goyenechea, A.; Luque Vergara, D.A.; McLoughlin, L.; Morales, A.; Reuter Cortes,
A.; Rodríguez Fonseca, J.; Radachowsky, J.; et al. Emerging trends of the illegal wildlife trade in Mesoamerica. Oryx 2020, 1–9.
[CrossRef]

59. Esmail, N.; Wintle, B.C.; Sas-Rolfes, M.; Athanas, A.; Beale, C.M.; Bending, Z.; Dai, R.; Fabinyi, M.; Gluszek, S.; Haenlein, C.; et al.
Emerging illegal wildlife trade issues: A global horizon scan. Conserv. Lett. 2020, 13, e12715. [CrossRef]

60. Martin, R.O.; Senni, C.; D’cruze, N.; Bruschi, N. Tricks of the trade—Legal trade used to conceal Endangered African grey parrots
on commercial flights. Oryx 2019, 53, 213. [CrossRef]

61. Annorbah, N.N.D.; Collar, N.J.; Marsden, S.J. Trade and habitat change virtually eliminate the Grey Parrot Psittacus erithacus from
Ghana. IBIS 2016, 158, 82–91. [CrossRef]

62. Low, B.W. The global trade in native Australian parrots through Singapore between 2005 and 2011: A summary of trends and
dynamics. Emu 2014, 114, 277–282. [CrossRef]

63. Wyatt, T. A comparative analysis of wildlife trafficking in Australia, New Zealand and the United Kingdom. J. Traffick. Organ.
Crime Secur. 2016, 2, 62–81. [CrossRef]

64. Ojasti, J. Utilización de la Fauna Silvestre en América Latina. Situación y Perspectiva Para un Manejos Sostenible; Organización de Las
Naciones Unidas Para la Agricultura y la Alimentación: Roma, Italia, 1993.

65. Andersson, A.A.; Tilley, H.B.; Lau, W.; Dudgeon, D.; Bonebrake, T.C.; Dingle, C. CITES and beyond: Illuminating 20 years of
global, legal wildlife trade. Glob. Ecol. Conserv. 2021, 26, e01455. [CrossRef]

66. White, T.H., Jr.; Jhonson Camacho, A.; Bloom, T.; Lancho Diéguez, P.; Sellares, R. Human perceptions regarding endangered
species conservation: A case study of Saona Island, Dominican Republic. Rev. Latinoam. Conserv. 2011, 2, 18–29.

http://doi.org/10.1080/00450610802491382
http://doi.org/10.1111/j.1469-1795.2006.00040.x
http://doi.org/10.1007/s10336-010-0499-7
http://doi.org/10.1371/journal.pone.0093679
http://doi.org/10.1016/j.biocon.2013.09.003
http://doi.org/10.1017/S0030605305001110
http://doi.org/10.1017/S003060531100038X
http://doi.org/10.1098/rsos.190190
http://www.ncbi.nlm.nih.gov/pubmed/31417724
http://doi.org/10.1080/14724049.2020.1857390
http://doi.org/10.1371/journal.pone.0186133
http://doi.org/10.1016/j.biocon.2008.08.020
http://doi.org/10.1016/j.biocon.2017.01.015
http://doi.org/10.1016/j.gecco.2018.e00429
http://doi.org/10.1080/17440572.2016.1179633
http://doi.org/10.3390/d12090342
http://doi.org/10.1017/S0959270910000249
http://doi.org/10.1017/S0030605319001133
http://doi.org/10.1111/conl.12715
http://doi.org/10.1017/S0030605319000097
http://doi.org/10.1111/ibi.12332
http://doi.org/10.1071/MU13094
http://doi.org/10.1108/17410391111097438
http://doi.org/10.1016/j.gecco.2021.e01455


Diversity 2021, 13, 191 20 of 22

67. Anderson, P.K. A bird in the house: An anthropological perspective on companion parrots. Soc. Anim. 2008, 11, 393–418.
[CrossRef]

68. Collard, R.C. Putting animals back together, taking commodities apart. Ann. Assoc. Am. Geogr. 2014, 104, 151–165. [CrossRef]
69. Jenks, B.; Vaughan, P.W.; Butler, P.J. The evolution of rare pride: Using evaluation to drive adaptive management in a biodiversity

conservation organization. Eval. Program Plann. 2010, 33, 186–190. [CrossRef]
70. Anderson, P.K. Social dimensions of the human—Avian bond: Parrots and their persons. Anthrozoos 2015, 27, 371–387. [CrossRef]
71. Shuttlewood, C.Z.; Greenwell, P.J.; Montrose, V.T. Pet ownership, attitude toward pets, and support for wildlife management

strategies. Hum. Dimens. Wildl. 2016, 21, 180–188. [CrossRef]
72. Biggs, D.; Cooney, R.; Roe, D.; Dublin, H.; Allan, J.; Challender, D.; Skinner, D. Engaging Local Communities in Tackling Illegal

Wildlife Trade: Can a ‘Theory of Change’ Help? TRAFFIC, IUCN: Gland, Switzerland, 2015; ISBN 9781784312367.
73. Zain, S. Behaviour Change We Can Believe in: Towards a Global Demand Reduction Strategy for Tigers; TRAFFIC: Gland, Switzerland, 2012.
74. Miller, Z.D. A Theory of Planned Behavior approach to developing belief-based communication: Day hikers and bear spray in

Yellowstone National Park. Hum. Dimens. Wildl. 2019, 24, 1–15. [CrossRef]
75. Summerell, A.E.; Frankham, G.J.; Gunn, P.; Johnson, R.N. DNA based method for determining source country of the short beaked

echidna (Tachyglossus aculeatus) in the illegal wildlife trade. Forensic Sci. Int. 2019, 295, 46–53. [CrossRef] [PubMed]
76. Hogg, C.J.; Dennison, S.; Frankham, G.J.; Hinds, M.; Johnson, R.N. Stopping the spin cycle: Genetics and bio-banking as a tool for

addressing the laundering of illegally caught wildlife as ‘captive-bred. ’ Conserv. Genet. Resour. 2018, 10, 237–246. [CrossRef]
77. Bourret, V.; Albert, V.; April, J.; Côté, G.; Morissette, O. Past, present and future contributions of evolutionary biology to wildlife

forensics, management and conservation. Evol. Appl. 2020, 13, 1420–1434. [CrossRef] [PubMed]
78. Pacífico, E.C.; Sánchez-Montes, G.; Miyaki, C.Y.; Tella, J.L. Isolation and characterization of 15 new microsatellite markers for the

globally endangered Lear’s macaw Anodorhynchus leari. Mol. Biol. Rep. 2020, 47, 8279–8285. [CrossRef] [PubMed]
79. Jan, C.; Fumagalli, L. Polymorphic DNA microsatellite markers for forensic individual identification and parentage analyses of

seven threatened species of parrots (family Psittacidae). PeerJ 2016, 2016. [CrossRef]
80. Lima-Rezende, C.A.; Fernandes, G.A.; da Silva, H.E.; Dobkowski-Marinho, S.; Santos, V.F.; Rodrigues, F.P.; Caparroz, R. In silico

identification and characterization of novel microsatellite loci for the Blue-and-yellow Macaw Ara ararauna (Linnaeus, 1758)
(Psittaciformes, Psittacidae). Genet. Mol. Biol. 2019, 42, 68–73. [CrossRef]

81. Fernandes, G.A.; Dobkowski-Marinho, S.; Santos, V.F.; Lima-Rezende, C.A.; da Silva, H.E.; Rodrigues, F.P.; Caparroz, R.
Development and characterization of novel microsatellite loci for the Blue-fronted Amazon (Amazona aestiva, Psittaciformes,
Aves) and cross-species amplification for other two threatened Amazona species. Mol. Biol. Rep. 2019, 46, 1377–1382. [CrossRef]

82. Taylor, T.D.; Parkin, D.T. Characterisation of 13 microsatellite loci for the Moluccan Cockatoo, Cacatua moluccensis, and Cuban
Amazon, Amazona leucocephala, and their conservation and utility in other parrot species (Psittaciformes). Conserv. Genet. 2007,
8, 991–994. [CrossRef]

83. Pillay, K.; Dawson, D.A.; Horsburgh, G.J.; Perrin, M.R.; Burke, T.; Taylor, T.D. Twenty-two polymorphic microsatellite loci
aimed at detecting illegal trade in the Cape Parrot, Poicephalus robustus (Psittacidae, AVES). Mol. Ecol. Resour. 2010, 10, 142–149.
[CrossRef]

84. Coetzer, W.G.; Downs, C.T.; Perrin, M.R.; Willows-Munro, S. Testing of microsatellite multiplexes for individual identification of
Cape Parrots (Poicephalus robustus): Paternity testing and monitoring trade. PeerJ 2017. [CrossRef]

85. Alexander, J.; Downs, C.T.; Butler, M.; Woodborne, S.; Symes, C.T. Stable isotope analyses as a forensic tool to monitor illegally
traded African grey parrots. Anim. Conserv. 2019, 22, 134–143. [CrossRef]

86. Willows-Munro, S.; Kleinhans, C. Testing microsatellite loci for individual identification of captive African grey parrots (Psittacus
erithacus): A molecular tool for parentage analysis that will aid in monitoring legal trade. Conserv. Genet. Resour. 2020, 12, 489–495.
[CrossRef]

87. Miller, A.D.; Good, R.T.; Coleman, R.A.; Lancaster, M.L.; Weeks, A.R. Microsatellite loci and the complete mitochondrial
DNA sequence characterized through next generation sequencing and de novo genome assembly for the critically endangered
Orange-bellied Parrot, Neophema chrysogaster. Mol. Biol. Rep. 2013, 40, 35–42. [CrossRef] [PubMed]

88. Coghlan, M.L.; White, N.E.; Parkinson, L.; Haile, J.; Spencer, P.B.S.; Bunce, M. Egg forensics: An appraisal of DNA sequencing to
assist in species identification of illegally smuggled eggs. Forensic Sci. Int. Genet. 2012, 6, 268–273. [CrossRef] [PubMed]

89. White, N.E.; Dawson, R.; Coghlan, M.L.; Tridico, S.R.; Mawson, P.R.; Haile, J.; Bunce, M. Application of STR markers in
wildlife forensic casework involving Australian black-cockatoos (Calyptorhynchus spp.). Forensic Sci. Int. Genet. 2012, 6, 664–670.
[CrossRef]

90. Mendoza, Á.M.; Torres, M.F.; Paz, A.; Trujillo-Arias, N.; López-Alvarez, D.; Sierra, S.; Forero, F.; Gonzalez, M.A. Cryptic diversity
revealed by DNA barcoding in Colombian illegally traded bird species. Mol. Ecol. Resour. 2016, 16, 862–873. [CrossRef]

91. Poole, C.M.; Shepherd, C.R. Shades of grey: The legal trade in CITES-listed birds in Singapore, notably the globally threatened
African Grey Parrot Psittacus erithacus. Oryx 2017, 51, 411–417. [CrossRef]

92. Alacs, E.A.; Georges, A.; FitzSimmons, N.N.; Robertson, J. DNA detective: A review of molecular approaches to wildlife forensics.
Forensic Sci. Med. Pathol. 2010, 6, 180–194. [CrossRef]

93. Cardador, L.; Tella, J.L.; Anadón, J.D.; Abellán, P.; Carrete, M. The European trade ban on wild birds reduced invasion risks.
Conserv. Lett. 2019, 12, e12631. [CrossRef]

94. Gibbons, W.J.; Andrews, K.M. PIT tagging: Simple technology at its best. Bioscience 2004, 54, 447–454. [CrossRef]

http://doi.org/10.1163/156853003322796109
http://doi.org/10.1080/00045608.2013.847750
http://doi.org/10.1016/j.evalprogplan.2009.07.010
http://doi.org/10.2752/175303714X13903827488006
http://doi.org/10.1080/10871209.2016.1116029
http://doi.org/10.1080/10871209.2019.1655682
http://doi.org/10.1016/j.forsciint.2018.11.019
http://www.ncbi.nlm.nih.gov/pubmed/30554021
http://doi.org/10.1007/s12686-017-0784-3
http://doi.org/10.1111/eva.12977
http://www.ncbi.nlm.nih.gov/pubmed/32684967
http://doi.org/10.1007/s11033-020-05812-w
http://www.ncbi.nlm.nih.gov/pubmed/32960414
http://doi.org/10.7717/peerj.2416
http://doi.org/10.1590/1678-4685-gmb-2017-0338
http://doi.org/10.1007/s11033-019-04595-z
http://doi.org/10.1007/s10592-006-9211-0
http://doi.org/10.1111/j.1755-0998.2009.02673.x
http://doi.org/10.7717/peerj.2900
http://doi.org/10.1111/acv.12445
http://doi.org/10.1007/s12686-019-01127-6
http://doi.org/10.1007/s11033-012-1950-z
http://www.ncbi.nlm.nih.gov/pubmed/23114913
http://doi.org/10.1016/j.fsigen.2011.06.006
http://www.ncbi.nlm.nih.gov/pubmed/21741338
http://doi.org/10.1016/j.fsigen.2011.10.003
http://doi.org/10.1111/1755-0998.12515
http://doi.org/10.1017/S0030605314000234
http://doi.org/10.1007/s12024-009-9131-7
http://doi.org/10.1111/conl.12631
http://doi.org/10.1641/0006-3568(2004)054[0447:PTSTAI]2.0.CO;2


Diversity 2021, 13, 191 21 of 22

95. Di Minin, E.; Fink, C.; Hiippala, T.; Tenkanen, H. A framework for investigating illegal wildlife trade on social media with
machine learning. Conserv. Biol. 2019, 33, 210–213. [CrossRef]

96. Challender, D.W.S.; MacMillan, D.C. Poaching is more than an enforcement problem. Conserv. Lett. 2013, 7, 1–11. [CrossRef]
97. Challender, D.W.S.; Harrop, S.R.; Macmillan, D.C. Towards informed and multi-faceted wildlife trade interventions. Glob. Ecol.

Conserv. 2015, 3, 129–148. [CrossRef]
98. Patel, N.G.; Rorres, C.; Joly, D.O.; Brownstein, J.S.; Boston, R.; Levy, M.Z.; Smith, G. Quantitative methods of identifying the key

nodes in the illegal wildlife trade network. Proc. Natl. Acad. Sci. USA. 2015, 112, 7948–7953. [CrossRef]
99. Budiani, I.; Raharningrum, F. Illegal Online Trade in Indonesian Parrots; The Global Initiative against Transnational Organized

Crime: Geneva, Switzerland, 2018.
100. Cantú Guzmán, J.C.; Sánchez Saldaña, M.E.; Grosselet, M.; Silve Gamez, J. The Illegal Parrot Trade in Mexico. A Comprehensive

Assessment; Defenders of Wildlife: Mexico City, Mexico, 2007.
101. Sánchez-Mercado, A.; Cardozo-Urdaneta, A.; Moran, L.; Ovalle, L.; Arvelo, M.Á.; Morales-Campos, J.; Coyle, B.; Braun, M.J.;

Rodríguez-Clark, K.M. Social network analysis reveals specialized trade in an Endangered songbird. Anim. Conserv. 2019,
23, 132–144. [CrossRef]

102. Kahler, J.S. Alarm call: Innovative study highlights the need for robust conservation crime science to effectively impede specialized
songbird trafficking. Anim. Conserv. 2020, 23, 149–150. [CrossRef]

103. Farine, D. Mapping illegal wildlife trade networks provides new opportunities for conservation actions. Anim. Conserv. 2020,
23, 145–146. [CrossRef]

104. Tsang, S.M. A social network approach to detect parallel wildlife trafficking: A novel tool, with potential limitations in a closed,
specialist system. Anim. Conserv. 2020, 23, 147–148. [CrossRef]

105. De Freitas Raso, T.; Godoy, S.; Milanelo, L.; De Souza, C.; Matuschima, E.; Araújo, J.; Pinto, A. An Outbreak of Chlamydiosis in
Captive Blue-Fronted Amazon Parrots (Amazona aestiva) in Brazil. J. Zoo Wildl. Med. 2004, 35, 94–96. [CrossRef]

106. Deem, S.L.; Noss, A.J.; Cuéllar, R.L.; Karesh, W.B. Health evaluation of free-rangeing and captive Blue-fronted Amazon (Amazona
aestiva) in the Gran Chaco, Bolivia. J. Zoo Wildl. Med. 2005, 36, 598–605. [CrossRef]

107. Bruning-Fann, C.; Kaneene, J.; Heamon, J. Investigation of an outbreak of velogenic viscerotropic Newcastle disease in pet birds
in Michigan, Indiana, Illinois, and Texas. J. Am. Vet. Med. Assoc. 1992, 201, 1709–1714.

108. Lee, D.-H.; Killian, M.L.; Torchetti, M.K.; Brown, I.; Lewis, N.; Berhane, Y.; Swayne, D.E. Intercontinental spread of Asian-origin
H7 avian influenza viruses by captive bird trade in 1990′s. Infect. Genet. Evol. 2019, 73, 146–150. [CrossRef]

109. Morinha, F.; Carrete, M.; Tella, J.L.; Blanco, G. High prevalence of novel beak and feather disease virus in sympatric invasive
parakeets introduced to Spain from Asia and South America. Diversity 2020, 12, 192. [CrossRef]

110. Ribas, J.M.; Sipinski, E.A.B.; Serafini Pereira, P.; Lindmayer Ferreira, V.; de Freitas Raso, T.; Pinto, A.A. Chlamydophila psittaci
assessment in threatened Red-tailed Amazon (Amazona brasiliensis) parrots in Paraná, Brazil. Ornithologia 2014, 6, 144–147.

111. Hawkins, M.G.; Crossley, B.M.; Osofsky, A.; Webby, R.J.; Lee, C.-W.; Suarez, D.L.; Hietala, S.K. Avian influenza A virus subtype
H5N2 in a red-lored Amazon parrot. J. Am. Vet. Med. Assoc. 2006, 228, 236–241. [CrossRef]

112. Vilela, D.A.R.; Marin, S.Y.; Resende, M.; Coelho, H.L.G.; Resende, J.S.; Ferreira-Junior, F.C.; Ortiz, M.C.; Araujo, A.V.; Raso, T.F.;
Martins, N.R.S. Phylogenetic analyses of Chlamydia psittaci ompA gene sequences from captive blue-fronted Amazon parrots
(Amazona aestiva) with hepatic disease in Brazil. Rev. Sci. Tech. 2019, 38, 711–719. [CrossRef] [PubMed]

113. Doneley, R.J.T. Acute Beak and Feather Disease in juvenile African grey parrots—An uncommon presentation of a common
disease. Aust. Vet. J. 2003, 81, 206–207. [CrossRef] [PubMed]

114. Araújo, A.V.; Andery, D.A.; Ferreira, F.C., Jr.; Ortiz, M.C.; Marques, M.V.R.; Marin, S.Y.; Vilela, D.A.R.; Resende, J.S.; Resende,
M.; Donatti, R.V.; et al. Molecular diagnosis of beak and feather disease in native Brazilian Psittacines. Braz. J. Poult. Sci. 2015,
17, 451–458. [CrossRef]

115. Davies, Y.M.; Cunha, M.P.V.; Oliveira, M.G.X.; Oliveira, M.C.V.; Philadelpho, N.; Romero, D.C.; Milanelo, L.; Guimarães, M.B.;
Ferreira, A.J.P.; Moreno, A.M.; et al. Virulence and antimicrobial resistance of Klebsiella pneumoniae isolated from Passerine and
Psittacine birds. Avian Pathol. 2016, 45, 194–201. [CrossRef] [PubMed]

116. Fogell, D.J.; Martin, R.O.; Bunbury, N.; Lawson, B.; Sells, J.; McKeand, A.M.; Tatayah, V.; Trung, C.T.; Groombridge, J.J. Trade and
conservation implications of new beak and feather disease virus detection in native and introduced parrots. Conserv. Biol. 2018,
32, 1325–1335. [CrossRef] [PubMed]

117. Symes, C.T. Founder populations and the current status of exotic parrots in South Africa. Ostrich 2014, 85, 235–244. [CrossRef]
118. Esler, K.J.; Prozesky, H.; Sharma, G.P.; McGeoch, M. How wide is the “knowing-doing” gap in invasion biology? Biol. Invasions

2010, 12, 4065–4075. [CrossRef]
119. Fabian, Y.; Bollmann, K.; Brang, P.; Heiri, C.; Olschewski, R.; Rigling, A.; Stofer, S.; Holderegger, R. How to close the science-

practice gap in nature conservation? Information sources used by practitioners. Biol. Conserv. 2019, 235, 93–101. [CrossRef]
120. IUCN the International Union for Conservation of Nature’s Red List of Threatened Species. Available online: https://www.

iucnredlist.org/ (accessed on 20 September 2020).
121. Frynta, D.; Lišková, S.; Bültmann, S.; Burda, H. Being attractive brings advantages: The case of parrot species in captivity. PLoS

ONE 2010, 5, e12568. [CrossRef]
122. Santos, J.; Correia, R.; Malhado, A.; Campos-Silva, J.; Teles, D.; Jepson, P.; Ladle, R. Drivers of taxonomic bias in conservation

research: A global analysis of terrestrial mammals. Anim. Conserv. 2020, 23, 679–688. [CrossRef]

http://doi.org/10.1111/cobi.13104
http://doi.org/10.1111/conl.12082
http://doi.org/10.1016/j.gecco.2014.11.010
http://doi.org/10.1073/pnas.1500862112
http://doi.org/10.1111/acv.12514
http://doi.org/10.1111/acv.12581
http://doi.org/10.1111/acv.12577
http://doi.org/10.1111/acv.12578
http://doi.org/10.1638/02-090
http://doi.org/10.1638/04094.1
http://doi.org/10.1016/j.meegid.2019.04.028
http://doi.org/10.3390/d12050192
http://doi.org/10.2460/javma.228.2.236
http://doi.org/10.20506/rst.38.3.3020
http://www.ncbi.nlm.nih.gov/pubmed/32286573
http://doi.org/10.1111/j.1751-0813.2003.tb11472.x
http://www.ncbi.nlm.nih.gov/pubmed/15080443
http://doi.org/10.1590/1516-635X1704451-458
http://doi.org/10.1080/03079457.2016.1142066
http://www.ncbi.nlm.nih.gov/pubmed/26813537
http://doi.org/10.1111/cobi.13214
http://www.ncbi.nlm.nih.gov/pubmed/30152576
http://doi.org/10.2989/00306525.2014.921866
http://doi.org/10.1007/s10530-010-9812-x
http://doi.org/10.1016/j.biocon.2019.04.011
https://www.iucnredlist.org/
https://www.iucnredlist.org/
http://doi.org/10.1371/journal.pone.0012568
http://doi.org/10.1111/acv.12586


Diversity 2021, 13, 191 22 of 22

123. Mair, L.; Mill, A.C.; Robertson, P.A.; Rushton, S.P.; Shirley, M.D.F.; Rodriguez, J.P.; McGowan, P.J.K. The contribution of scientific
research to conservation planning. Biol. Conserv. 2018, 223, 82–96. [CrossRef]

124. Roe, D.; Dickman, A.; Kock, R.; Milner-Gulland, E.J.; Rihoy, E.; Sas-Rolfes, M. Beyond banning wildlife trade: COVID-19,
conservation and development. World Dev. 2020, 136, 105121. [CrossRef]

125. Sutherland, W.J.; Dicks, L.V.; Ockendon, N.; Smith, R.K. What Works in Conservation; Open Book Publisher: Cambridge, UK, 2015;
Volume 1, ISBN 2059-4240.

http://doi.org/10.1016/j.biocon.2018.04.037
http://doi.org/10.1016/j.worlddev.2020.105121

	Introduction 
	Materials and Methods 
	Literature Search Strategy 
	Document Classification 
	Data Analysis 

	Results 
	Temporal Patterns 
	Taxonomic Patterns 
	Geographic Patterns 
	Research Collaboration 

	Discussion 
	Relevant Topics: Extraction Dynamics 
	Relevant Topics: Market Dynamics 
	Actions across Regions: Facts, Gaps, and Opportunities 
	Biases and Pitfalls 

	Conclusions 
	References

