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Abstract: The blue-and-yellow macaw (Ara ararauna) is suffering from higher roadkill rates (RK) at
the Emas National Park (ENP), an important Brazilian National Park in the Cerrado biome. This
species is also a victim of nest poaching for illegal trade. We modeled the blue-and-yellow macaw
population’s viability in ENP and how this viability is affected by roadkill and nest poaching. We
hereby report that the species is critically at risk and could be extinct in about a decade when con-
sidering both threats. Without considering any threat, 150 individuals are necessary to maintain a
viable population. When individuals are harvested at a roadkill rate of 0.008 individuals/km/year
and at twice this level, the viability figures increase to 4500 and 7500 birds, respectively. For nest
poaching, we estimated that 2000 individuals are required to maintain a viable population. When
both threats are present, 5000 individuals are necessary. The dynamics of the population are highly
sensitive to the age at which females reproduce for the first time and the proportion of reproduc-
ing adult females, followed by the rate of adult survival. Our model demonstrates how even a
non-threatened highly mobile species, such as the blue-and-yellow macaw, may be at risk due to
human activities.

Keywords: road ecology; Psittacidae; wildlife illegal trafficking; minimum viable population; Emas
National Park; wildlife vehicle collision; pet trade; wildlife trade

1. Introduction

Conservation biology has two main goals: assessment and management of biological
diversity [1]. The assessment involves defining the current status of a population, predict-
ing its future trends, and identifying risks to its persistence. Management encompasses
identifying and implementing solutions that ensure the population’s persistence. In this
sense, population viability analyses have been commonly used to assess the impact of
human activities upon natural populations [2–4]. Understanding the underlying causes of
population decline, as well as the processes contributing to the extinction of species, are
important steps towards identifying the species that are at greatest risk [5].

Wildlife roadkill is a threat to the survival of several species [6,7]. Roadkill data
combined with population viability analyses can promote greater knowledge about the
possible impacts of highways on a given species/population [8]. While for some species,
the effects of roadkill can be insignificant, such as for small rodents in Spain [9], for others,
roadkill can be a threat to their existence, including the jaguar [10], the giant anteater [4,11],
and the maned wolf [12].

More than 8 million birds die victim of roadkill in Brazil every year [13]. Despite the
various risks, birds are typically considered able to avoid roadkill [14]. Perhaps for this
reason, only 12% of the roadkill research carried out in Latin America has had birds as the
object of study, and 31% of that research looked at more than one taxon. In fact, most of the
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studies carried out on that continent have produced lists of the roadkill species. However,
there is still a need for further research that seeks to understand how roadkill influences
population viability in order to define (i) the species that are conservation priorities and (ii)
effective roadkill mitigation strategies [15].

Brazil is recognized as a biologically megadiverse country, being the habitat of almost
20% of the 10,000 bird species identified worldwide [16]. In the Cerrado biome alone,
837 species have been registered, which is equivalent to 43.6% of all Brazilian birds [17].
Psittacidae, a family composed of macaws, parakeets, and parrots [18], includes 33 species
occurring in the Cerrado [17], with the blue-and-yellow macaw (Ara ararauna) being one of
the most emblematic.

The blue-and-yellow macaw occurs in Venezuela, Guyana, Peru, Bolivia, eastern
Panama, western Ecuador, northern Colombia, Argentina, and Paraguay [19]. In Brazil, it
is found mainly in the Cerrado, Pantanal, and Amazon biomes [18]. It is commonly found
in the canopy of gallery forests, floodplains with palm trees, and the interior and edges of
high forests at about a 500 m altitude. It feeds on seeds, fruits, and nuts [20,21], and travels
long distances during the day between resting and eating places [22,23]. It migrates at
certain times of the year, probably in search of food [20,21,23]. They nest between August
and December in holes inside the trunks of large dead palm trees, at approximately 10 and
25 m in height, laying an average of two eggs, which are incubated for 24–26 days [24,25].
The reproductive success of the nests varies from 92.3% [24], 72% [25], to 50% [26]. Within
77 days, the fledglings fly [25]. Of the eggs produced, 46% ([24] to 33% [25] are successful.
They live in pairs or in groups of 3 individuals. They can also form larger groups of up to
30–50 individuals, as observed at the Emas National Park (ENP) [22].

The blue-and-yellow macaw is not considered an endangered species by the Interna-
tional Union for Conservation of Nature—IUCN [19] or by the Chico Mendes Institute for
Biodiversity Conservation—ICMBio [27]. The last is responsible for assessing the extinction
risk in Brazil. However, the population is decreasing and the number of individuals of
reproductive age is still unknown [19]. In addition to direct threats such as deforesta-
tion and fragmentation of habitats, the species has suffered for decades from excessive
harmful legal and illegal trades, with each unit costing up to US $4000 [28]. In South Amer-
ica, it is the second most traded animal (considering parrots) [29]. It is among the most
traded species internationally [30] and domestically [31]. Although more than one third of
blue-and-yellow macaw that are internationally traded are captive-bred, wild caught and
unknown sources also represent a great number of them [30]. Another worrying feature
of illegal trade is that it is not opportunistic, nor abundance dependent, but due to the
species’ attractiveness and a function of species size, coloration, and ability to talk [31]. In
Brazil, macaw species area illegally traded in more than half of the surveyed cities [32].
The Wild Animal Recovery Center (Centro de Recuperação de Animais Silvestres—CRAS)
of São Paulo received 298 individuals of the species between the years 2003 and 2013 [33].
Unfortunately, nest poaching also occurs inside Brazilian areas designated to conservation.
In 2020, during seven days, the ICMBio in a joint action with the police force captured
374 birds in a conservation area [34]. Although nest poaching is not documented in the
ENP, blue-and-yellow macaws nest inside and on the boundaries of the park [25]. The last
areas are easily accessible for anyone. Additionally, the species can be observed leaving the
park and flying to native areas by passing through agriculture areas [35].

Roadkill is not cited by the IUCN as a threat to the blue-and-yellow macaw, but recent
studies demonstrate it is certainly an additional risk for the species. For instance, in the
ENP conservation unit, 36 individuals were identified as roadkill (during 90 consecutive
days), representing 54% of the registered birds killed. These fatalities usually kill adults,
only two were identified as non-adults (5.5%). Although blue-and-yellow macaws fly in
groups, in just two occasions more than one individual was identified as roadkill (5.5% of
the casualties). Roadkill of this species is temporally and spatially aggregated. All roadkill
happened exclusively in the dry season in specific stretches of the highway [36]. When
extrapolating these data to 6 months of the dry season, 69 individuals die in one year, with
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a roadkill rate (RK) of 0.008 animals/km/day. Studies that evaluate the effects of roadkill
on population viability are still rare and, as far as we know in Brazil, none have assessed a
bird species.

This study aimed: (1) to estimate the viability of the population of the blue-and-yellow
macaw in the ENP, (2) to estimate the impacts of roadkill and nest poaching on population
viability, and (3) to propose measures to promote the species’ survival.

2. Material and Methods
2.1. Study Area

The ENP is located in the southwest of the State of Goiás, it borders the states of Mato
Grosso and Mato Grosso do Sul (Figure 1). The park has a total area of 1320 km2 (131386 ha)
and is one of the few Brazilian National Parks that encompasses the different types of Cerrado
within the state of Goiás, such as campo limpo, campo sujo, veredas and riparian forests [37].
The park is home to 85 species of mammals [38], 353 birds, and 88 reptiles [37]. The ENP
presents the largest number of endemic species of birds among Brazilian national parks.
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Figure 1. Location of the Emas National Park (ENP), with emphasis on its buffer zone, the highways in the area, and land
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The park is surrounded on all sides by crops, as well as state and municipal highways
with high truck traffic [37]. The roads that pass through the buffer zone are two-lane,
totaling 76.5 km of paved roads (GO-050 (31.7 km) and GO-341 (44.8 km)), and 114.6 km
of unpaved roads (GO-206 (47.1 km), GO-306 (27.1 km), MS-306 (56.1 km), MT-100 (2.7)
and BR-359 (13.3 km)). The ENP buffer zone totals 2634 km2; 63.7% of this area is occupied
by agricultural activities, mainly production of grains, 11.2% is pasture, and 25% is still
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preserved natural area. Due to the ENP’s importance, these natural areas in the buffer zone
are considered to be of reduced size [40].

According to the Köppen classification, the region fits into the Aw type, tropical humid
climates, with two well-defined seasons: dry, in winter, and humid, in summer. The total
annual rainfall varies between 1200 and 3000 mm. The average temperature of the hot months
varies between 24 and 26 ◦C, while in the cold months, it is between 15 and 24 ◦C [37].

2.2. Modeling

To model the threats to blue-and-yellow macaw viability in the ENP, we used the
software VORTEX 10 [41]. VORTEX performs a simulation based on the individual of
deterministic as well as demographic, environmental, and genetic forces of stochastic events
in populations. The software models population dynamics as discrete and sequential events
that occur according to probabilities that are random variables following distributions
specified by the user. The user can examine the current status of a given species and
determine which factors, if changed or manipulated, may have the greatest effect on
causing or preventing extinction [42].

We modeled the blue-and-yellow macaw viability in the ENP for 100 years; the model
was run 1000 times. The species is monogamous and couples remain together for life [18]
(Table 1). On average, offspring are born when adults are 10.69 years old [43]. The maxi-
mum age of reproduction is 34 years and they can live up to 49 years. [43]. As these data
are available only for female captive blue-and-yellow macaws, we used the same values
for males. The maximum number of broods per year is one and progeny per brood is
two; with a mean of 1.2 offspring per year (± 0.4) [25], it is more common to have one
offspring per nest. For these input parameters, we only considered fledglings that left the
nest [44]. The sex ratio at birth is 1:1 [45]. The information above is relative to the local
ENP population. There are no data about the proportion of reproducing blue-and-yellow
macaws. For the blue-throated macaw (Ara glaucogularis), this value is 36.5% [46], 20%
for the red-fronted macaw (Ara rubrogenys) [47], and for Lear’s macaw (Anodorhynchus
leari), it varies from 20% [48] to 37.5% [44]. Considering that young can be seen with their
parents during one to two years and that during this period parents will not reproduce [18],
the value of 36.5% seems very reasonable [46]; these species are also closely related. The
blue-throated macaw has an average length of 85 cm and its mass ranges from 600 to
1000 g. Reproduction parameters are also comparable; females lay one to three eggs per
clutch and incubate for 26 days [49]. No data are available about environmental variation
in female reproduction. Since assuming that there is no variation in breeding might be less
realistic than assuming there is a small variation [41], we opted for a value of 5%. There is
no mortality rate available for the blue-and-yellow macaw. As with previous input data,
we only considered fledglings that left the nest; we accounted for a 48% mortality between
hatching and fledgling [44]. Therefore, we opted to add an additional 7% mortality from
0 to 1 year, 5% from age 1 to 2, 2% from age 2 to adult, and 1% for adults. These data
are available for Lear‘s macaw [44]. In monogamous species, all adult males are consid-
ered potential breeders [44]; therefore, we considered that 100% of the males are capable
of reproducing.

There are no data about the blue-and-yellow macaw population size in the ENP. In
south-east Peru, its density is 1.1 individuals/km2 in primary seasonality flooded swamp
forest and 3.4 individuals/km2 in primary middle/upper floodplain forest with Guadua
bamboo [50]. Another study shows lower values; this survey was performed in neotropical
regions on unpaved and low-transit paved roads, where the density of this species ranged
between 0.22 and 1.18 individuals/km2 (mean 0.48), with a value of 0.34 for the Brazilian
Cerrado. The lower density estimates are from different landscape types, varying from
well-preserved areas to urban areas [51], and the higher rates are from a large protected
area [50]. Therefore, we decided to use 1.18 individuals/km2. As we have no data about
the ENP population distribution across and around the park, we simply estimated the
ENP population size by multiplying the value of density by the park’s extent (1320 km2),
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totaling 1558 individuals. We did not add migration to our simulation because these data
are not available; however, we expect that we are not dealing with a closed population.
The carrying capacity was considered to be the same as the initial population size.

Table 1. Life history parameters used to model the viability of the blue-and-yellow macaw (Ara
ararauna) population in Emas National Park, Brazil. For a detailed description of input parameters,
see [41].

Parameter Value Source

Reproductive system Long-term monogamy [18]
Age of first offspring females 11 [43]

Maximum age of female reproduction 34 [43]
Age of first offspring males 11 [43]

Maximum age of male reproduction 34 [43]
Maximum lifespan 49 [43]

Maximum number of broods per year 1 [25]
Maximum number of progeny per brood 2 [25]

Sex ratio at birth—in % males 50 [45]
% adult females breeding 36.5% [47]

Distribution of broods per year
0 broods 28% [25]
1 brood 72% [25]

Distribution of offspring per year
1 offspring 76.9%
2 offspring 23.1% [25]

Mortality rates
Females from age 0 to 1 7% [44]
Females from age 1 to 2 5% [44]

Females from age 2 to adult 2% [44]
Adult females 1% [44]

Males from age 0 to 1 7% [44]
Males from age 1 to 2 5% [44]

Males from age 2 to adult 2% [44]
Adult males 1% [44]
Catastrophes -

Initial population size 1558 [50,51]
Carrying capacity 1558 [50,51]

The model included harvest by roadkill and illegal trade. The annual RK for paved
roads was calculated by multiplying the daily estimate (0.008 individuals/km) by the
number of days of the dry season (this species did not suffer roadkill in rainy months [36]),
totaling 1.47 blue-and-yellow macaws/km/year. Considering the 76.5 km of paved roads
within the ENP buffer zone, 112 individuals die every year (the annual roadkill rate
multiplied by road extent, 1.47 × 76.5). In contrast to paved roads, the RK on unpaved
roads is six times smaller (0.245) [52]. Therefore, the number of blue-and-yellow macaw
roadkill on unpaved roads was calculated by multiplying 0.245 by 114.6 (total extension of
unpaved roads within the ENP buffer zone), totaling 28 individuals. Thus, the final number
of blue-and-yellow macaw roadkill is simply a sum of the number of individuals killed on
paved and unpaved roads, totaling 140 individuals (9% of the population). Of these, only
5.5% were recognized as non-adults and the remaining 8.3% were unidentifiable; thus, we
decided to consider that adults represent 92% of the roadkill events [36]. We also simulated
a scenario where the RK was twice this number., There is no information about the rate of
illegal trade in the ENP; however, in a protected area located in the northeastern Peruvian
Amazon, 29.4% of the nestlings are harvested in a year [53]. Considering that these data are
over almost two decades and that nest poaching is not documented for ENP, we used a 5%
level (affecting 78 individuals). Finally, we simulated an interaction of 5% nest poaching in
addition to roadkill.
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The minimum viable population (MVP) analysis is an estimate of the minimum
number of organisms of a particular species to constitute a viable population over the long
term [54]. We simulated the MVP with and without harvest. We considered the MVP when
the probability of extinction is zero and genetic diversity is 95% [42].

We performed a sensitivity analysis to assess the population’s sensitivity to certain
parameters of the baseline model. This analysis is important because uncertainty regarding
the biological parameters of a given population occurs at several levels, especially for
parameters that have never been measured in the population. Sensitivity of population
dynamics to certain parameters indicates that those parameters describe factors that could
be critical determinants of population viability [42]. We evaluated the effect of reproductive
and mortality parameters on stochastic growth rate (stoch-r) of the blue-and-yellow macaw
population in ENP. We varied one parameter at a time, using lower and higher values
than those of the baseline model (Table 2). Regarding the proportion of blue-and-yellow
macaws reproducing, we also used values available in the literature for the blue-throated
macaw (Ara rubrogenys) [47]. About the age of first offspring, we used real data for the
species (available for captive animals)—the 25–75% confidence intervals—as lower and
higher values [43]. We did not consider roadkill and nest poaching.

Table 2. Lower and higher values used for sensitivity analysis.

Parameter Lower Baseline Higher

Age of first
offspring
females

8 * 11 15 *

Age of first
offspring males 8 * 11 15 *

% adult females
breeding 20% ** 36.5% 45%

Mortality rates
From age 0 to 1 5% 7% 10%
From age 1 to 2 2.5% 5% 7%
From age 2 to

adult 1% 2% 3%

Adult 0.5% 1% 2%
* We used the values from the 25–75% confidence intervals for the species. ** Data from the same genus with
similar natural history [47].

3. Results

The deterministic growth rate (rdet) was 0.045. This means a potential annual growth
rate of about 4.5% when below carrying capacity. The blue-and-yellow macaw population
is only viable within the 100 years of the simulation in the baseline model (Table 3, Figure 2).
The genetic diversity was almost equal to the initial values. When considering all other
scenarios, the population would go extinct. For a RK rate of 0.008 individuals/km/day,
extinction would take 19 years, 13 years for twice that rate of RK (2 RK), and 98 years
for 5% of nest poaching. This number decreases to 12 years when considering both nest
poaching and RK.

Without considering any threats, 150 individuals are necessary to maintain a viable
population for the next 100 years (Table 4). When individuals are harvested at RK and 2 RK
this value increases to 4000 and 7500 individuals. When birds are poached for illegal trade,
the number of individuals required to maintain a viable population would increase to 2000.
If both threats happen concomitantly, a viable population must have 5000 individuals.



Diversity 2021, 13, 652 7 of 12

Table 3. Results of mean rate of stochastic population growth (stoch_r), probability of extinction (PE),
population size at the end of simulations (N-extant), genetic diversity (GeneDiv), and mean time
to extinction (meanTE) for populations of blue-and-yellow macaw (Ara ararauna) in Emas National
Park, Brazil, suffering from different levels of roadkill (RK) and nest poaching.

Scenario Stoch_r PE N-Extant GeneDiv MeanTE

Baseline 0.045 0% 1558 99.62% 0
RK—0.008

individuals/km/day −0.282 100% 0 0% 19

2 RK −0.365 100% 0 0% 13
5% Nest poaching −0.024 4.8% 188 98.86% 98

RK + 5% Nest poaching −0.397 100% 0 0% 12
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Table 4. Results of minimum viable population for blue-and-yellow macaw (Ara ararauna) in Emas National Park, Brazil,
suffering from different levels of roadkill (RK) and nest poaching. Stoch_r: mean rate of stochastic population growth, PE:
probability of extinction, N-extant: population size at the end of simulations, GeneDiv: genetic diversity, meanTE: mean
time to extinction.

Scenario Population Size (N) Stoch_r PE N-Extant GeneDiv MeanTE

Baseline 100 0.0418 0.00% 100 94.38% 0
Baseline 150 0.043 0.00% 150 96.18% 0

RK—0.008
individuals/km/day 3500 0.0014 2.30% 3375 99.79% 92

RK 4000 0.0093 0.00% 3992 99.85% 0
2 RK 7000 0.0025 1.30% 6864 99.91% 88
2 RK 7500 0.0069 0.00% 7480 99.92% 0

5% Nest poaching 1558 −0.024 4.80% 188 98.86% 98
5% Nest poaching 2000 0.0112 0.00% 1979 99.75% 0

RK + 5% Nest
poaching 4500 −0.0148 22.20% 3619 99.80% 85

RK + 5% Nest
poaching 5000 0.0059 0.00% 4974 99.89% 0
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The age females reproduce for the first time and the proportion of reproducing adult
females had the strongest influence on the dynamics of the blue-and-yellow macaw popu-
lation. Mortality rates for adults were the third strongest influencer (Figure 3).
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Figure 3. Results from sensitivity analysis, highlighting the baseline stochastic r values and lower and higher values regard-
ing different reproduction and mortality parameters of blue-and-yellow macaw (Ara ararauna). Female_age_reproduction:
age of first offspring females, Male_age_reproduction: age of first offspring males, % _reproducing females: % repro-
ducing adult females; Mortality_0_1: mortality rates from age 0 to 1, Mortality_1_2: mortality rates from age 1 to 2,
Mortality_Juveniles: mortality rates for juveniles, Mortality_Adult: mortality rates for adults.

4. Discussion

The predictions derived from our simulations are extremely worrying for blue-and-
yellow macaw population survival in ENP. The population will be extinct in all scenarios
that included some level of threat. The most important factor in determining the blue-and-
yellow macaw vulnerability seems to be the population size. It is of crucial importance
to assess the real population size in ENP. If this value is close to 1558 individuals, the
population is critically at risk and can be extinct in just 12 years.

Roadkill is the most important threat to blue-and-yellow macaw population persis-
tence. The blue-and-yellow macaw population in ENP is surrounded by two-lane roads
(Figure 1). As a consequence, individuals dispersing or trying to forage in adjoining areas
must cross these roads, becoming vulnerable to incoming traffic. This scenario would be
aggravated by 100% if all the extension of the roads were paved. This would allow drivers
to travel faster and could also increase the vehicle traffic in the area. For instance, people
that avoid travelling on unpaved roads may choose to travel through them if they were
paved. In consequence, this would increase RK, as this metric is positively correlated to
vehicle traffic [55].

While nest poaching seems to be a less important threat, the number of individuals
harvested are not comparable (5% and 9% for nest poaching and roadkill, respectively). As
nest poaching targets chicks, in the long term, adults will not be added to the population,
consequently leading to decreased reproduction and thereby decreasing the population
size faster. Roadkill, on the other hand, impacts mostly adults. Chicks may still survive to
become adults and generate some offspring until possibly becoming roadkill victims.

Population dynamics is highly sensitive to the age females reproduce for the first time
and the proportion of reproducing adult females. Adult survival rates are also significant.
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Any threats modulating these parameters will have a major impact on the population.
These results show the importance of obtaining accurate values of blue-and-yellow macaw
mortality rates in the wild and reinforce the need for long-term studies [42].

Another alarming information about the species is that a genetic study conducted at
the ENP concluded that the species had a mean genetic diversity similar to that in species
considered vulnerable to extinction [45]. Therefore, future research should also target the
population’s genetic diversity because the population could easily be threatened by an
unpredicted threat (e.g., disease epidemic or hunting) or an increase in a current threat [42].

We must consider that there is a lack of data about the blue-and-yellow macaw species.
For this reason, we had to use the information available for other close species or for
captive animals. Similarly, as in other publications that evaluated population viability,
we needed to make a series of assumptions in our model due to the lack of quantitative
information [10,46,56]. This may be a reason why, for threatening scenarios, our results
may be overestimating the species’ time to extinction. When relevant information becomes
available, it can be used to produce more reliable models [10].

We also did not model scenarios evaluating other known threats to the blue-and-
yellow macaw population in the study area, such as fire, severe drought, and migration
across metapopulations. Fires caused declines in populations, and also resulted in greater
loss of genetic diversity in giant anteater populations in the Brasília National Park [11].
Migration between patches may happen since the species can move long distances daily
and seasonally [23]. ENP can serve as a source of blue-and-yellow macaws for other
remnants of Cerrado in the surrounding matrix. Individuals from other areas could even
come to ENP during some periods of the year. While this migration between patches and
the ENP can increase genetic diversity, on the other hand, it also can increase roadkill rates.

The blue-and-yellow macaw in ENP seems to be at risk of becoming extinct due to
roadkill and nest poaching. This conclusion is heavily dependent on the natural history
and ecological parameters used for modelling. Henceforth, we advise that the following
metrics should be further investigated, namely: nest poaching rate, population size in ENP,
the mean age at which offspring are born, the maximum age of reproduction, lifespan,
the proportion of blue-and-yellow macaw reproducing, and the mortality rate for the
blue-and-yellow macaw. The first two metrics are the most urgent.

Our results are extremely worrisome and show that even non-threatened and highly
mobile species may be at risk of extinction due human activities. One cheap measure to
prevent the aggravation of this scenario is forbidding the paving of the remaining unpaved
roads [57]. To help prevent roadkill, the stretches with higher roadkill values for blue-and-
yellow macaw (also called roadkill hotspots, roadkill aggregations) need to be identified
for the entire buffer zone. Accordingly, mitigation measures should be determined and
implemented. For birds, flight diverters may reduce the likelihood of roadkill. Wildlife
crossing structures can decrease roadkill and the barrier effect as well as roadsides should
be managed to make them less attractive to birds [14]. Finally, crops that attract the species,
as soybean and corn, should be avoided near the road. Efforts to decrease and avoid nest
poaching and illegal trade are advocated regionally, nationally, and internationally. Many
actions are demanded regionally. I is necessary to develop behavior change campaigns
aiming (i) to facilitate the understanding of the threats posed by nest poaching to the macaw
species as well as its overall biological importance [32,33] and (ii) to reduce the demand
for wild-caught macaws [30,58]. Furthermore, communities living in close proximity to
conservation units must have other sources of income in order to stop nest poaching from
being a desirable activity [29,32,33]. Law enforcement is also necessary to reduce nest
poaching and for this, it is essential to form a comprehensive basic and general knowledge
of the trade chain [58]. More intervention efforts and monitoring are important to prohibit
captive facilities from acting as laundering for wild-caught animals [30]. Finally, Brazil’s
government should create an international alliance to stop the illegal trade [29,32,33].
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