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Abstract

Biological invasions are one of the leading causes of global environmental change and their impacts can
affect biodiversity, ecosystem services, human health and the economy. Yet, the understanding on the
impacts of invasive alien species is still limited and mostly related to alien species outbreaks and losses in
agricultural yield, followed by the understanding of the ecological impacts on natural systems. Notably,
the economic impacts of biological invasions have rarely been quantified. Brazil has at least 1214 known
alien species from which 460 are recognized as invasive alien species. Still, there are no comprehensive
estimates of the cost of their impact and management. Here, we aimed at filling this gap by providing a
comprehensive estimate of the economic cost of biological invasions in Brazil. In order to quantify these
costs for species, ecosystems and human well-being we used the InvaCost database which is the first global
compilation of the economic costs of biological invasions. We found that Brazil reportedly spent a mini-
mum of USD 105.53 billions over 35 years (1984-2019), with an average spent of USD 3.02 (+ 9.8)
billions per year. Furthermore, USD 104.33 billion were due to damages and losses caused by invaders,
whereas only USD 1.19 billion were invested in their management (prevention, control or eradication).
We also found that recorded costs were unevenly distributed across ecosystems, and socio-economic sec-
tors, and were rarely evaluated and published. We found that the economic costs with losses and damages
were substantially greater than those used for prevention, control or eradication of IAS. Since our data
show costs reported in Brazil for only 16 invasive alien species, our estimates are likely a conservative mini-
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mum of the actual economic costs of biological invasions in Brazil. Taken together, they indicate that in-
vasive alien species are an important cause of economic losses and that Brazil has mostly opted for paying
for the damage incurred by biological invasions rather than investing in preventing them from happening.

Abstract in Portuguese

Os impactos resultantes da introdugio de espécies exdticas e invasoras (t.c.p. invasio biolégica) ¢ um dos
principais fatores associados as mudangas ambientais em escala global, cujos impactos afetam direta e
indiretamente a biodiversidade, os servigos ecossistémicos, o bem estar e a satide humana, e a economia.
Contudo, muito do conhecimento sobre os impactos das espécies exdticas e invasoras ainda ¢ limitado
aos prejuizos observados em dreas de cultivo e plantagoes, negligenciando o impacto de surtos de espécies
exéticas em sistemas ecoldgicos e naturais. Somado a isso, é notdvel o desconhecimento dos impactos
econdmicos da invasio biolégica que sio raramente quantificados e reportados. No Brasil estima-se a
ocorréncia de a0 menos 1214 espécies exdticas estabelecidas das quais 460 sdo reconhecidas como espécies
invasoras. Ainda assim, as estimativas dos custos relacionados aos respectivos impactos por prejuizos e por
manejo de espécies exéticas e invasoras sio desconhecidos. Neste estudo, pretendemos contribuir para
preencher esta lacuna sumarizando os custos econdmicos da invasio bioldgica para o Brasil. Para quantifi-
car os custos econdmicos da invasio biolégica usamos informagées em nivel de espécie, ecossistemas, bem
estar e saide humana, e setores socio-econdmicos disponiveis no primeiro levantamento de dados global
para custos econdmicos da invasio bioldgica, InvaCost. Encontramos que os custos reportados para o
Brasil apresentam valor minimo de USD 105,3 bilhoes ao longo dos tltimos 35 anos (1984-2019), com
custo médio de USD 3,02 (+ 9,8) bilhées ao ano. Detectamos que USD 104,33 bilhdes estao relacionados
a prejuizos (danos e perdas) causados por espécies invasoras, enquanto USD 1,9 bilhées foram investidos
em agdes preventivas como o de manejo, controle ou erradicagio de espécies. Além disso, nossos resultados
apontam para uma significativa disparidade dos custos econdémicos entre os diferentes setores analisados
(ecolégicos, sociais e econdmicos) reforcando a escassez de dados econdémicos reportados e ou disponiveis
para andlise. Com os dados disponiveis observamos que os custos econdmicos dos prejuizos (perdas e
danos) foram mais representativos do que os custos de prevengio, controle e erradicacio de espécies exdti-
cas e invasoras. Uma vez que nossos dados de custo disponiveis para o Brasil estdo associados apenas a
presenca de 16 espécies invasoras, certamente nossos resultados representam uma estimativa conservadora
que reflete o valor minimo esperado para os custos atuais dos impactos econdmicos referente a presenga
de espécies exético invasoras para o Brasil. Em conjunto, providenciamos a primeira andlise de custos
econdmicos baseado em evidéncias que indicam que o custo com espécies exdtico invasoras no pais estd as-
sociado a reversao dos prejuizos acometidos pela invasio bioldgica ao invés do incentivo em investimento
para a prevencio de danos. Portanto, concluimos que espécies exdtico invasoras sio uma importante fonte
do prejuizo econdémico ao pais.

Keywords
Biological invasions, economic cost, economic damage, Invasive species impact, InvaCost database, inva-
sive alien species, Invasion management

Introduction

The pervasive impacts of invasive alien species (IAS hereafter) are complex and multi-
faceted, since IAS are responsible for substantial damages in social, ecological, and hu-
man health worldwide (Strayer 2012; Jones 2017; Bradley et al. 2019; Crystal-Ornelas
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and Lockwood 2020a). Among the wide range of impacts imposed by IAS are changes
in native species composition (Vila et al. 2011; but see Crystal-Ornellas and Lockwood
2020b), the decline in biodiversity (Bellard et al. 2016; Doherty et al. 2016), distur-
bance in ecosystem services and environmental functioning (Ricciardi et al. 2013),
spreading diseases that affect human well-being (Shepard et al. 2011; Shackleton et al.
2019; Nuiez et al. 2020) and destruction of croplands (Paini et al. 2016). However,
public awareness of the impacts associated with IAS seems to be insufficient to support
effective management efforts in prevention, control, and eradication. Thus, mitigation
of biological invasions remains a challenge. For instance, although the ecological im-
pacts of IAS have been more thoroughly scrutinized (Blackburn et al. 2014; Gallardo
et al. 2016; Crystal-Ornelas and Lockwood 2020b), there is a scarcity of information
on economic costs imposed by IAS. Because economic costs are distributed over the
market and non-market sectors (Bradshaw et al. 2016), understanding the type and
the magnitude of economic costs associated with IAS are key for environmental man-
agement and for raising public awareness. Therefore, knowing IAS impacts becomes
more relevant in the current context where many more species are expected to be
introduced and become invasive worldwide (Seebens et al. 2017; Seebens et al. 2020).

Despite the growing knowledge in IAS distribution patterns and drivers (e.g.,
Dawson et al. 2017), estimating the impact of IAS remains a challenge owing to the
temporal and spatial scales in which they occur, and the potential myriad of indi-
rect effects that some IAS can have on ecological and human systems (Shackleton et
al. 2019). With the recent development of standardized ecological (Blackburn et al.
2014, TUCN 2020) and socio-economic assessments (Bacher et al. 2018) of TAS im-
pacts, it is increasingly clear that high-quality and comprehensive information is still
lacking for most taxa, systems and regions. Yet, these data are necessary for research-
ers, managers and policy makers to develop and implement effective management
programs towards IAS.

The economic cost of biological invasions tends to incur even when the ecological
or human health impacts decrease. Indeed, managing invasions to reduce their eco-
logical impact also produces an economic impact by consuming monetary and human
resources. However, different sectors of activity differ in their required costs for man-
aging IAS. In Brazil, IAS can rapidly damage crops fields and directly impact a wide
range of commodities imposing billions of Reais (R$) in cost distributed over damage
repair, species invasion mitigation, and prevention strategies (Oliveira et al. 2013; Ol-
iveira et al. 2014; Pozebon et al. 2020). Furthermore, in tropical regions, IAS impact
can be more severe and threat human well-being substantially by spreading multiple
zoonotic diseases (i.e., dengue, chikungunya, and zika virus spread by species of the
genus Aedes), consequently causing severe economic impact associated with human
care (Teichi et al. 2017). Finally, IAS spread diseases into Forestry plantations (Schnell
e Schiihli et al. 2016) and imposes severe costs with IAS management and eradication
in conservation areas (Guimaraes et al. 2017). Therefore, partitioning of the economic
impact of IAS over multiple activity sectors is central for understanding and planning
effective impact reduction.
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Despite the comprehensive impacts generated by IAS, the economic costs of bio-
logical invasions are rarely assessed (Diagne et al. 2020; Heringer et al. 2021 for the
costs in Latin America) and effective management and policy decisions for the best
possible resource allocation remains doubtful in most cases. Knowledge of the eco-
nomic effects of IAS in a region can help inform management and policy decisions as
well as raise public awareness regarding the implications of biological invasions on peo-
ple’s lives. Globally, the economic impact of biological invasions was estimated to reach
at least USD 1.288 trillion between 1970 and 2017 (Diagne et al. 2021) owing to
impacts associated with biodiversity loss, spread and cause of human diseases, damage
to goods and infrastructure, and increased costs of travel and international trade. For
Central and South Americas, when applying the same criteria used here, the known
economic impact of invasive alien species has recently been estimated at USD 146.5
billion (see Heringer et al. 2021). In South America, Brazil is one of the world’s rising
economies (Shukla et al. 2018) that hosts two global biodiversity hotspots covering
17.25% of the hotspots surface area worldwide (Myers et al. 2000; Mittermeier et al.
2011). However, its biodiversity, ecological structure and ecosystem services (Pauchard
et al. 2018) have been severely impacted by the damage imposed by human activities
(Soares-Filho et al. 2014; Venter et al. 2016) which in turn raise opportunities for new
IAS impacts. For Brazil, even though studies have shown the widespread presence and
negative impacts of many invasive alien species (e.g., Zenni and Ziller 2011; Fontoura
etal. 2013; da Rosa et al. 2017), the only general estimation for the economic impact
of invasive alien species for the country was made 20 years ago based solely on the es-
timated impacts of rats and human diseases (Pimentel et al. 2001). Therefore, there is
a knowledge gap regarding the costs with IAS in Brazil.

Here, we investigated the economic costs associated with the presence of IAS in
Brazil. For the purpose of this study, invasive alien species are any non-native species
that generate economic impact on ecological, societal or environmental sectors of ac-
tivity. Using studies that report the economic impact of alien species we evaluated the
reported expenses based on IAS identities, intervention classes and costs in environ-
mental and societal sectors. Furthermore, by using InvaCost, a global dataset of the
economic costs of invasive species (Diagne et al. 2020), we estimated the total cost of
biological invasions in Brazil, as well as the distribution of these costs over the different
economic sectors and type of costs. Finally, we tested whether the economic costs as-
sociated with the presence of IAS reflect preventive actions for managing or enduring
damages and losses caused by IAS.

Method

The species list used in this study was obtained from the InvaCost database (Diagne et
al. 2020). InvaCost is a global database (N = 9,823 entries) constructed from a system-
atic review in peer-reviewed articles, official reports and grey material that considers as
IAS any non-native species that results in economic impact on the ecological, societal
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or environmental sector of activity (for details see Diagne et. al 2020 and Angulo et al.
2021). The resulting database is the most comprehensive, harmonized and robust glob-
al-scale data compilation and description of economic cost estimates associated with
IAS reported in the existing literature (Diagne et al. 2020; https://doi.org/10.6084/
m9.figshare.12668570). To compile these data, the Web of Science, Google Scholar,
and Google search engines were used with standardized search strings (for details see
Diagne et al. 2020). Additionally, institutions, researchers and managers were con-
tacted in order to find all possible references. For Brazil, both English and Portuguese
literature were used (Angulo et al. 2021).

From the InvaCost database, we selected all entries referring to Brazil (N = 54) by
using the ‘Official country’ column of the dataset and used the ‘expandYearlyCosts’
function of the R package invacost (Leroy et al. 2020) to expand the dataset. This
function expands the annual cost to the period of time higher than one year. Thus,
each estimate cost corresponds to an annual cost, which was repeated as many times as
the number of years over which the cost occurred. Then, the total reported cost entries
after data ‘expansion’ (N = 173) was used in further analysis. However, owing to the
small number of resulting cost information (N= 173 for 16 species), we did not remove
the data classified as having low reliability (N = 55) and as potential implementation
(N = 11), contrary to other studies using the InvaCost database which did not include
these data (e.g., Heringer et al. 2021). The variable reliability refers to the accessibility
of cost based on the availability of the information (i.e., low for not fully accessible in-
formation) and implementation indicates if the costs were incurred (i.e., observed) or
expected, for example through modelling or extrapolation (i.e., potential). Therefore,
these metrics represent the confidence attributed to the observed costs (Suppl. material
1: Table S1). Importantly, all cost data were converted to 2017 US Dollars (USD).

To estimate the total economic cost of IAS, we summed up all annual costs consid-
ering the ecological and societal sectors of activity for which information was available
(i.e., without considering management or damage repair as distinct classes). The for-
mer is represented by the costs directly linked with species information on terrestrial,
aquatic or both terrestrial and aquatic ecosystems (i.e., there is no marine species in
the Brazil dataset). For the societal costs we used the market sector and the type of
cost classes of reported economic costs. The market sector is a categorical variable that
links the economic costs in the following six business classes: agriculture, stakeholders
or decision makers, environment, forestry, health, and public and social welfare (for
definition of each market sector see Table 1). Similarly, the type of cost classes directly
links the economic costs with the following seven categories: control, damage repair,
damage loss, eradication, medical care, prevention and research (for definition of each
type of cost see Table 2).

In order to evaluate if the economic costs differed between costs used to repair-
ing damage from costs used to IAS management, we used the impact year and the
costs associated to create a new variable derived from the type of costs, here named of
intervention group (“Type_2” in InvaCost database). The latter is a categorical vari-
able where the seven types of cost classes explained above were reorganized into the
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Table 1. Description of market sectors impacted by TAS in Brazil. Descriptions follow the classification
used in the InvaCost database (Diagne et al. 2020).

Market sector Description

Agriculture Food and other useful products produced by human activities (i.e., plant resources, crop growing,
livestock breeding, land management).

Stakeholders or Governmental services or official organizations that allocate efforts and resources for the management,
decision makers control, and eradication of IAS.
Environment Impacts impose by IAS on natural resources, ecological processes or ecosystem services.
Forestry Impacts impose by IAS on forest-based activities and services (i.c., timber production, industries).
Health Directly or indirectly impact imposed by IAS that negatively affect human well-being or and the sanitary

state of people (i.e., vector control, medical care and other derived damage on human productivity).

Public and social welfare | Directly or indirectly impact imposed by IAS on activities, goods or services that contribute to the human
well-being and safety in our societies, including local infrastructures (e.g. electric system), quality of life
(e.g. income, recreational activities), personal goods (e.g. private properties, lands), public services (e.g.
transports, water regulation), and market activities (e.g. tourism, trade).

Table 2. Description of Type of Cost imposed by IAS in Brazil.

Type of cost Description

Control Costs used to control IAS population.

Damage repair | Costs used to repair the damages associated with IAS on local infrastructures or other human activity that affect the
quality of life, personal goods, public services and market activities.

Damage loss | Costs used to repair the losses associated with TAS on food and other useful products produced by human activities.

Eradication Costs used on activities that act on IAS mitigation aimed towards complete removal of IAS (e.g., authorized hunting).

Medical care | Costs used to medical care and other human well-being treatment (e.g., treatment of vector borne diseases).

Prevention Costs used in surveillance, monitoring and other activities that help to prevents the trade, transport and/or
introduction of alien species.

Research Costs on theoretical (e.g., academic research on IAS), applied (e.g., evidence-based decisions plans) and technological

(e.g., technological tools) knowledge that support strategies to reduce, control or mitigate the impacts imposed by IAS.

following group of intervention: damage, management, and mixed (Suppl. material 2:
Table S$2). This predictor indicates the type of intervention that caused the following
expending: 1) damage — for costs related to the losses and repairs of damages associated
with invasive species; 2) management — for costs related to the management of invasive
alien species and other costs not included in damage repair; and 3) mixed — for costs
related to the expenses reported without differentiation between damage and manage-
ment. Then, using the intervention group variable, we fit an ANOVA comparing the
three groups of costs with post-hoc Tukey contrast by least-squares means from em-
means package and tested the residual normality by Shapiro-Wilk.

Results

We found reports of economic costs for 16 IAS (Table 3). Together, the reported costs
accumulate to USD 105.53 billion, or ca. R$ 349.3 billion, representing an average
annual cost of USD 3.02 (£ 9.8) billion (Fig. 1). From the total, USD 28.3 billion
were based on cost entries with low reliability or expected costs and USD 76.8 billion
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Table 3. Profile table of invasive alien species. Species: indicates species name. Impact descriptor: A brief

overview of the available information of the impacts imposed by each of 16 invasive alien species.

Species Impact descriptor

Aedes spp. Is the vector of the most important mosquito-borne disease that impacts human health in the world (Gould et al.
2017). In Brazil, it is responsible for the spread of at least three different arboviruses (i.e., Dengue, Zika and
Chikungunha) that threaten human well-being (Marcondes et al. 2016) costing millions of reais with insecticides,
larvicides and medical care (Teich et al. 2017).

Artocarpus Is associated with the Brazilian Atlantic forest (i.e., the most fragmented biomes of the country, see Ribeiro et al. 2009).
heterophyllus | In Brazil, A. heterophyllus occurs closer to human settlements as a fruit tree and ornamental species (Zenni and Ziller
2011) where it usually dominates species biomass and reduce small mammal composition (Boni et al. 2009; Abreu and
Rodrigues 2010; Fabricante et al. 2012; Mello et al. 2015).

Bemisia Is one of the most economically detrimental invasive alien species that damage a wide variety of horticultural,
tabaci ornamental, and field crops worldwide (De Barro et al. 2011). In Brazil, its occurrence is associated with ornamental
plants (de Moraes et al. 2017), and its economic costs with insecticides production, biological control plans, and
virus diseases in field crops (Navas-Castillo et al. 2011; Gilbertson et al. 2015; Cavalcante et al. 2015; Inoue-Nagata

etal. 2016).
Brachiaria Is one of the ecologically impactful invasive alien species that belongs to the group of invasive grasses (Zenni and Ziller
eminii 2011). Its costs are associated with fire disturbance (Ribeiro et al. 2000; Gorgone-Barbosa et al. 2016), cattle poisoning

(Riet-Correa et al. 2011), competitive exclusion by allelopathic compounds (Barbosa et al. 2008; Damasceno et al.
2018) and reduction of floristic and native species diversity (Durigan et al. 2007; Almeida-Neto et al. 2010).

Cinara spp.  |Initially recorded in Brazil in 1996, the species specifically affect the pine plantations productivity which are composed
by Pinus taeda and Pinus elliottii species (Penteado et al. 2000). The economic costs are associated with the Forestry
sectors that manage biological control programs and technology development (Schnell e Schiihli et al. 2016).

Cydia Is one of the most economically detrimental apple pests in the world (Beers et al. 2009; Jiang et al. 2018), and its
pomonella damage can cause complete crop losses. In Brazil, its economic costs are associated with the development of species
eradication planning (PNEPC) that costs US$ 398,000 annually (Kovaleski and Mumford 2007; Kovaleski et al. 2015).
Since 2014 the species is considered eradicated (Kovaleski et al. 2015).

Drosophila | Reported by the first time in 2013 in Brazil’s southern provinces (Deprd et al. 2014), its impact is poorly known.
suzukii However, because of the several economic impacts on fruits growers in North America (Goodhue et al. 2011; Walsh et
al. 2011), predictive models indicate wide economic impact in the Brazil’s Southern region suggesting fig and pear crops
as the main impacted host species (Benito et al. 2016).

Eragrostis The species impacts more than one million hectares in Brazil’s southern grasslands (Medeiros and Focht 2007). Its
plana spread imposes impact by outcompeting with native species (Ferreira et al. 2008). Its costs are associated with the
development of new technologies in order to mitigate and prevent species spreading as well as the low yield in feeding
animals (Zenni and Ziller 2011; Baggio et al. 2018).

Helicoverpa | Are economically impactful invasive alien species that damage a wide variety of field crops worldwide including

armigera/Tuta | tomatoes. In Brazil, its economic impact is associated with crop damages (Czepak et al. 2013) and the development of
absoluta advanced genetic modification technologies in order to improve the crop resistance to its respective pest (Thomazoni et
al. 2013; Silva et al. 2016).

Limnoperna |Is one of the economically impactful invasive alien species that damage ecological, economical and human wellbeing
Jortunei worldwide (Boltovskoy 2015). Is responsible for impact the hydropower generation (Darrigran et al. 2007), water
quality (Darrigran and Damborenea 2011), structure and function of the ecosystem (Boltovskoy and Correa 2015) and

damage man-made structures (Boltovskoy 2015). In Brazil, its economic costs are distributed over multiple ecological
and social activities sectors.

Panicum This is an invasive alien species that belongs to the group of invasive grasses. Its ecological impact is associated with the
maximum overconsumption of soil nitrogen (Leite et al. 2019) and slowing ecological succession (Montoani and Torezan 2016).
Its economic costs are associated with herbicide and fertilization chemical production.

Pinus spp. The species are one of the most common alien species used in forest plantations and management. In Brazil, its
ecological and economic impacts are associated with negative effects in the native community (Brewer et al. 2018),
water consumption and quality (Mello et al. 2018), citizen engagements in order to design effective species management
(Dechoum et al. 2019), impacts on phytosanitary diseases (Schnell e Schiihli et al. 2016), and changes in ecosystem
services, functions, soil composition and nutrient cycling (Valduga et al. 2016).

Rhinella Impacts and costs with this species are associated with biodiversity damage and eradication control. However,
marina information of its impact in Brazil seems to be scarce (Forti et al. 2017).

Salvator Invasive in the Fernando de Noronha archipelago the species is considered a threat to the native community species by
merianae hosting, transporting, and spreading parasites to new regions (Ramalho et al. 2009). Further, effective management of

the species is a challenge which incurs in economic costs associated with conservation plans design and in its absence

the species can harm the livelihood of the local population by spreading zoonotic diseases (Abrahdo 2019).
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Table 3. Continued.

Species Impact descriptor

Sirex noctilio |Is one of the most relevant threats to plantation forestry in South America and its impact is mainly associated with
disease outbreaks in both natural and planted forests resulting in high levels of tree mortality (Corley et al. 2019). In
Brazil, its presence is associated with Pinus spp. plantations which is composed by Pinus taeda and Pinus elliotti species
(Tede et al. 2016) which the economic cost of species is estimated in USD 9 million annually over 4 hundred thousands
of tree hectare (Schnell e Schiihli et al. 2016).

Sus scrofa Is one of the largest and most widespread invasive alien species in Brazil and it is responsible for several damages in

vegetation surface, herbivory, rooting, soil overturning and crop fields damage (Hegel and Marini 2013; Pedrosa et al.

2015). Its economic costs are associated with species eradication control programs and crops damage.
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Figure |. Economic costs incurred by the 16 invasive alien species in Brazil. Numbers above the bars indi-
cate the abbreviated cost in thousand (K), millions (M) and Billions (B) of US dollars. Orange indicates costs
assigned to the terrestrial ecosystem. Blue (i.e., Limnoperna fortunei) indicates costs assigned to the aquatic
ecosystem. Red (in Diverse/unspecified) indicates costs assigned to both terrestrial and aquatic ecosystems.

were based on high-reliability and incurred costs. The reported economic costs among
species ranged from USD 3.15 thousand (S. merianae, Fig. 1) to USD 27.68 billion
(B. tabaci, Fig. 1). The five costliest invasive alien species together had a cumulated
reported cost of USD 38.44 billion and were distributed within the damage interven-
tion group (Fig. 2, ANOVA; F = 7.123; p = 0.046). Two of the top five costliest species
occurred within the management intervention group. None of the top five species oc-
curred within the mixed intervention group (Fig. 2).

In respect to ecosystem type, 52.4% of the costs (USD 55.28 billion) were dis-
tributed across both aquatic and terrestrial ecosystems. The costs reported exclusively
for terrestrial ecosystems totaled USD 50.24 billion and had Aedes spp. as the costliest
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Figure 2. Invasive alien species economic impact associated with type of cost. The post hoc Tukey test for
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2.895 £ 0.78, t value = 3.692, p-value = 0.003). The differences between Damage to Mixed (Estimate =
2.608 + 1.35, t value = 1.921, p-value = 0.102) and Management to Mixed (Estimate = -0.2864 + 1.35,
t value = -0.211, p-value = 0.835) were not statistically significant. Filled circles indicate species within
each type of cost group. The costliest species are pointed out by roman numbers according to the top five

costly species rank.

species. The costs reported exclusively for aquatic ecosystems totaled USD 9.97 mil-
lion and were only due to expenses caused by L. fortunei. Considering both terrestrial
and aquatic ecosystems, the class Insecta was over-represented, followed by Bivalvia
and Liliopsida. The species Aedes spp., L. fortunei, B. eminii and E. plana were the
costliest species in Brazil (Figure 3). Surprisingly, there were no costs reported for
marine ecosystems.

The economic costs reported as damage contributed with 98.9% of the available
cost information and was estimated at USD 104.33 billion, whereas management con-
tributed with 1.13% of the total, reportedly costing USD 1.19 billion. Mixed costs
represented less than 1%, at USD 7.7 million (see Suppl. material 3: Table S3). When
partitioning the economic costs into classes of market sectors we observed that mixed
sectors contributed 61.8% of the total cost, corresponding to USD 65.2 billion. Apart
from mixed sectors, agriculture was the most impacted sector with an economic cost
estimated at USD 39.61 billion, followed by health with USD 665.85 million and
authorities-stakeholders with USD 24.37 million. The remaining impacted sectors
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Figure 3. Radar plot showing the frequency of invasive taxonomic classes (A) and invasive alien spe-
cies (B) distributed across different ecosystem types. Overrepresented species were: Aedes spp. (N = 73),
Limnoperna fortunei (N = 29), Brachiaria eminii (N = 13) and Eragrostis plana (N = 11). Species with
intermediate representativeness were Pinus spp. (N = 9), Rhinella marina (N = 8), Bemisia tabaci (N=7)
and Cydia pomonella (N=>5). The remaining species were underrepresented (N < 5). The overrepresented
taxonomic classes were Insecta (N =93), Bivalvia (N=29) and Liliopsida (N=24), whereas the remaining
ones were underrepresented (N <10).

were forestry with a cost of USD 14.28 million, public and social welfare with USD
9.97 million and environment with USD 59.24 thousand (Figure 4). The reported
cost of each species by sector varies from USD 96.65 thousands for B. eminii in the
environment sector to USD 3.96 billion incurred by B. tabaci in the agriculture sector
(Suppl. material 4: Table S4). Representativeness of species on economic impact over
the market sectors indicates that agriculture and environment were impacted by more
species than the remaining market sectors, six species each one (see Fig. 6A). Agricul-
ture suffered the highest economic impact caused by B. tabaci, C. pomonela, E. plana
and D. suzukii, followed by the forestry sector, which was impacted by Cinara spp. and
S. noctilio, and the health sector which was impacted by Aedes spp.

Regarding the type of intervention, damage losses contributed 89.9% of the avail-
able cost estimation at USD 94.91 billion, followed by medical care with USD 9.29
billion and species control with USD 1.19 billion (Fig. 5, see Suppl. material 3: Ta-
ble $3). The remaining types of costs were indirect costs (USD 126.16 million re-
ported), damage repair (USD 7.67 million), research (USD 3.91 million), prevention
(USD 864.24 thousand) and eradication (USD 411.61 thousand) (Figure 5). The cost
of each species by activity sectors varied from USD 96.65 thousand by B. eminii in the
control to USD 3.96 billion incurred by B. tabaci in the damage-loss (Suppl. material
5: Table S5). Representativeness of species on economic impact over the type of costs
indicated that control had nine species associated with economic impact. The highest
impact was caused by Aedes spp. and C. pomonella. Similarly, damage-loss was reported
for eight species, of which two species (S. scrofa and H. armigera) had the lowest cost
reported (see Fig. 6B). Conversely, six species had considerably high impact in the
damage-loss, with B. rabaci as costliest species. Finally, costs associated with medical
care were reported exclusively for Aedes spp. (Fig. 6B).
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Figure 6. Heat map depicting the economic costs associated with species, market sectors and cost type.
Each block indicates the cost incurred by each species over a specific market sector (in left) and cost type
(in right). Gray blocks are associations with no available cost information and colorful blocks indicate the
intensity of the economic cost incurred by each species. Low cost intensity (i.e. hundreds and thousands
of dollars) are represented by blue to purple color transitions and high cost intensity (i.e. billions of dol-
lars) are represented by orange to yellow color transitions. The remaining colors represent intermediate
cost intensity (i.e., millions of dollars). Each row of the heatmap corresponds to one species and the spe-
cies name and its vernacular name are depicted in the left and right margins of the heatmap respectively.
Each column of the heat map corresponds to an impacted market sector and the type of cost required
to overcome invasive species impact. The circles in the middle depicts a visual representation of invasive
organisms. All silhouettes were freely obtained from www.phylopic.org.

Discussion

Here, we have provided the first detailed assessment of the economic costs of biologi-
cal invasions in Brazil since the study of Pimentel et al. (2001). The relevance of the
information provided here lies in incorporating detailed information of the estimated
economic impact of invasive alien species, their impact on natural ecosystems, and
multiple relevant economic sectors in Brazil. The present study represents a substantial
improvement in the knowledge of IAS impacts, environmental and social perception
and differ from previous studies that provide economic costs with no indication of
the invasive status of the species (Oliveira et al. 2013; Oliveira et al 2014; Teich et al.
2017). Considering that we found economic costs for only 16 species from at least
460 known alien species classified as invasive in Brazil (Ziller et al. 2020), we caution
that the USD 105.53 billion figure is a conservative minimum estimate of the actual
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economic impact. Still, the estimated costs with invasive alien species corresponded to
0.26% of the sum of Brazil’s Gross Domestic Product from 1984 to 2019.

The quantification and reporting of economic costs of biological invasions were not
a common practice in Brazil. Also, part of the available reports lack in accuracy, as there
were 55 entries (ca. 31%) classified as low reliability. For instance, despite the high rel-
evance of freshwater ecosystems in Brazil and the harmful effects of invasive alien species
in aquatic environments (Pelicice et al. 2013), there were economic costs estimated for
only one aquatic invasive alien species — the Golden mussel (L. fortunei) which impacts
hydropower plant systems (de Campos et al. 2014). In addition, there were no costs
associated with invasive alien species in marine ecosystems despite the fact that preven-
tion, surveillance, and eradication of invasive species in marine ecosystems are officially
one of the 10 goals established by the ministry of the environment as a strategy to con-
serve and mitigate the negative effects of invasive species in marine ecosystems. For ex-
ample, the invasive lionfish Prerois volitans and orange cup coral Tubastraea coccinea are
considered in Brazil’s biodiversity plan for protecting coral reefs environments (PAN/
Corais). Lionfish is an aggressive predatory IAS that impacts ecosystem functioning and
threatens human well-being with human poisoning (Carlos-Junior et al. 2015; Haddad
Jretal. 2015; Bumbeer et al. 2018). Orange cup corals (a species of sun coral) impact
ecosystem dynamics and structure of native reef communities (Miranda et al. 2018; Sil-
va et al. 2019). However, despite the intense efforts to understand the impacts of these
invasive alien species, information on economic costs has not been formally gathered or
published. In fact, the tendency of skewed evidence on environmental and conservation
practices towards terrestrial ecosystems have previously been reported (Overbeck et al.
2015; Azevedo-Santos et al. 2019), including in the context of invasion costs (Cuthbert
et al. 2021). Therefore, the actual costs of biological invasions in Brazil are probably
much greater than the reported costs presented in this study.

Considering terrestrial ecosystems, we observed high costs by invasive insects
(Fig. 3). Invasive alien insects are globally recognized as the main cause of agriculture
(Bradshaw et al. 2016; Paini et al. 2016) and forestry damages (Aukema et al. 2011).
Similarly, in Brazil insects (i.e., native and alien) are the main source of costs incurred
in crop fields (Oliveira et al. 2013; Oliveira et al. 2014) and forestry plantations (Sch-
nell e Schiihli et al. 2016). Further, it is known that at least 24 insect species, four
of which are present in this study, constitute the most important crop pests in Brazil
since 1900, costing billions of dollars for the economy (Oliveira et al. 2013). The
prevalence of invasive insects in the reported economic costs reflects the relevance of
the agriculture and forestry sectors in the economic expenses associated with invasive
species. Also, invasive alien insects (e.g., Aedes spp.) also affect public health by spread-
ing vector-borne human diseases, increasing the economic impact perception (Taichi
et al. 2017). Furthermore, and although it is well-known that mammals have high
environmental impacts in Brazil (da Rosa et al. 2017), little is known about economic
costs of invasive alien mammals.

The association between the agriculture sector and economic costs incurred by in-
vasive alien species is not surprising (Oliveira et al. 2013; Oliveira et al. 2014). Indeed,
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agriculture represents one of the greatest portions of the Brazilian economy and has
been responsible for 24.31% (& 4.06) of the country’s Gross Domestic Product over the
last 23 years on average (CEPEA). However, effective strategies to mitigate the impact
of invasive alien species likely occur with the engagement of the private sectors inter-
ests that support technological progress. For example, Kovaleski et al (2015) highlight
that the eradication of the Codling moth only occurred due to the combined activity
among multiple Brazilian apple private sector institutions. However, planning effective
design seemed to be more feasible for species that impose a direct impact like invasive
crop pests. For species with indirect impacts on the economy, such as environmental
impacts, new challenges are imposed for planning effective design that require the en-
gagement of multiple sectors.

Clear information on prevention strategies for invasive alien species and costs were
missing and indicate the necessity for a country-level integrated database of invasive
alien species, management programs and research, such as indicated in the Brazil’s Na-
tional Strategy for Invasive Alien Species — CONABIO Resolution 05/2019 — and its
implementation plan (SBio/MMA Ordinance 3/2018; Resolution 05/2019). Indeed,
10 entries (USD 824.64 thousand) reported prevention as a type of cost in Brazil. Pre-
vention strategies for IAS exist in Brazil but are currently limited and lack operational
coordination (but see Brazil’s National Strategy for Invasive Alien Species — CONA-
BIO Resolution 05/2019). This supports the notion that in Brazil, as well as in Central
and South America in general (Heringer et al. 2021), resource allocation for biological
invasions focus on IAS with large observed impacts at later stages of invasion (i.e.,
Aedes spp. and L. fortunei). This represents a reactive approach that tends to be more
expensive and less effective than preventing the alien species invasion and impacts
(Wittenberg and Cock 2001; Leung et al. 2002).

In summary, here we have provided a first national estimate of the total economic
cost of biological invasions in Brazil. The reported USD 105.53 billion of expenses in
35 years for 16 species is a conservative estimate of the total cost of biological inva-
sions, as it only included direct and publicly available costs, which remain strikingly
few. In addition to the clear biases in taxonomic groups, regions and activity sectors,
some costs dissolved in broader actions, such as sanitary border control, ecosystem
restoration efforts and environmental research were not estimated (Brancalion 2019).
Costs of losses owing to biological invasions, such as ecosystem services degradation
and yield reductions were also lacking from the literature. Brazil has at least 460 in-
vasive alien species (Ziller et al. 2020) and hundreds more of naturalized species with
invasive potential (Zenni 2015; da Rosa et al. 2017; Forti et al. 2017; Ziller et al.
2020; Bueno et al. 2021) and costs were reported for only 16 of them. Yet, Brazil is
the country with the highest reported cost with invasive alien species in Latin America
(Heringer et al. 2021; Rico-Sdnchez et al. 2021; Crystal-Ornelas et al. 2021), and still
the cost is unknown for most IAS. There is an urgent need for better reporting of both
economic losses and costs imposed by IAS, as well as effective policy and management
actions to reduce these costs.



Economic costs of biological invasions in Brazil 363

Acknowledgements

The authors acknowledge the French National Research Agency (ANR-14-CE02-0021)
and the BNP-Paribas Foundation Climate Initiative for funding the Invacost project
that allowed the construction of the InvaCost database. The present work was conduct-
ed following a workshop funded by the AXA Research Fund Chair of Invasion Biology
and is part of the AlienScenario project funded by BiodivERsA and Belmont-Forum
call 2018 on biodiversity scenario. We also acknowledge all researchers and environ-
mental managers who kindly answered our request for information about the costs of
invasive species. JRPA thanks the researchers of the Invasion Ecology and Biodiversity
Conservation Laboratory from Universidade Federal de Lavras for the discussions and
analytical support. GH was supported by Coordenagio de Aperfeicoamento de Pessoal
de Nivel Superior — Brasil (Capes) — Finance code 001. LDBF thanks Brazilian Na-
tional Council for Scientific and Technological Development (CNPq — 306196/2018-
2) and Minas Gerais Research Foundation (FAPEMIG) for financial support. CD was
funded by the BiodivERsA-Belmont Forum Project “Alien Scenarios” (BMBE/PT DLR
01LC1807C). RDZ acknowledges support from CNPg-Brazil (grant 304701/2019-0).

References

Abrahio CR, Paulo S (2019) Estratégias para o manejo do teiti (Salvator merianae Duméril
& Bibron, 1839), um lagarto invasor no arquipélago de Fernando de Noronha, PE, Bra-
sil. Universidade de Sao Paulo. https://doi.org/https://doi.org/10.11606/T.10.2019.tde-
03072019-082955

Abreu RCR de, Rodrigues PJFP (2010) Exotic tree Artocarpus heterophyllus (Moraceae) invades
the Brazilian Atlantic Rainforest. Rodriguesia 61: 677-688. https://doi.org/10.1590/2175-
7860201061409

Almeida-Neto M, Prado PI, Kubota U, Bariani JM, Aguirre GH, Lewinsohn TM (2010) Inva-
sive grasses and native Asteraceae in the Brazilian Cerrado. Plant Ecology 209: 109-122.
hteps://doi.org/10.1007/s11258-010-9727-8

Angulo E, Diagne C, Ballesteros-Mejia L, Adamjy T, Ahmed DA, Akulov E, Banerjee AK,
Capinha C, Dia CAKM, Dobigny G, Duboscq-Carra VG, Golivets M, Haubrock PJ,
Heringer G, Kirichenko N, Kourantidou M, Liu C, Nuniez MA, Renault D, Roiz D,
Taheri A, Verbrugge L, Watari Y, Xiong W, Courchamp F (2021) Non-English languages
enrich scientific knowledge: the example of economic costs of biological invasions. Science
of the Total Environment Science of the Total Environment 775: e144441. hteps://doi.
0rg/10.1016/j.scitotenv.2020.144441

Aukema JE, Leung B, Kovacs K, Chivers C, Britton KO, Englin J, Frankel SJ, Haight RG,
Holmes TP, Liebhold AM, McCullough DG, Von Holle B (2011) Economic Impacts of
Non-Native Forest Insects in the Continental United States. PLoS ONE 6(9): e24587.
https://doi.org/10.1371/journal.pone.0024587


https://doi.org/https://doi.org/10.11606/T.10.2019.tde-03072019-082955
https://doi.org/https://doi.org/10.11606/T.10.2019.tde-03072019-082955
https://doi.org/10.1590/2175-7860201061409
https://doi.org/10.1590/2175-7860201061409
https://doi.org/10.1007/s11258-010-9727-8
https://doi.org/10.1016/j.scitotenv.2020.144441
https://doi.org/10.1016/j.scitotenv.2020.144441
https://doi.org/10.1371/journal.pone.0024587

364 José R.P. Adelino et al. / NeoBiota 67: 349374 (2021)

Azevedo-Santos VM, Frederico RG, Fagundes CK, Pompeu PS, Pelicice FM, Padial AA,
Nogueira MG, Fearnside PM, Lima LB, Daga VS, Oliveira FJM, Vitule JRS, Callisto M,
Agostinho AA, Esteves FA, Lima-Junior DP, Magalhaes ALB, Sabino J, Mormul RP, Grasel
D, Zuanon J, Vilella S, Henry R (2019) Protected areas: A focus on Brazilian freshwater
biodiversity. Diversity and Distributions 25: 442-448. https://doi.org/10.1111/ddi.12871

Bacher S, Blackburn TM, Essl E, Genovesi P, Heikkili J, Jeschke JM, Jones G, Keller R, Kenis M,
Kueffer C, Martinou AF, Nentwig W, Pergl J, PySek B, Rabitsch W, Richardson DM, Roy
HE, Saul WC, Scalera R, Vila M, Wilson JRU, Kumschick S (2018) Socio-economic im-
pact classification of alien taxa (SEICAT). Methods in Ecology and Evolution 9: 159-168.
hteps://doi.org/10.1111/2041-210X.12844

Baggio R, Medeiros RB de, Focht T, Boavista L da R, Pillar VD, Miiller SC (2018) Effects of
initial disturbances and grazing regime on native grassland invasion by Eragrostis plana
in southern Brazil. Perspectives in Ecology and Conservation 16: 158-165. https://doi.
0rg/10.1016/j.pecon.2018.06.004

Barbosa EG, Pivello VR, Meirelles ST (2008) Allelopathic evidence in Brachiaria decumbens
and its potential to invade the Brazilian Cerrados. Brazilian Archives of Biology and Tech-
nology 51: 825-831. https://doi.org/10.1590/S1516-89132008000400021

Beers EH, Suckling DM, Prokopy RJ, Avilla J (2009) Ecology and management of ap-
ple arthropod pests. In: Apples: botany, production and uses, 489-519. https://doi.
org/10.1079/9780851995922.0489

Bellard C, Cassey B, Blackburn TM (2016) Alien species as a driver of recent extinctions. Biol-
ogy Letters 12: €20150623. https://doi.org/10.1098/rsb1.2015.0623

Benito NP, Lopes-da-Silva M, dos Santos RSS (2016) Potential spread and economic impact
of invasive Drosophila suzukii in Brazil. Pesquisa Agropecuaria Brasileira 51: 571-578.
hteps://doi.org/10.1590/50100-204X2016000500018

Blackburn TM, Essl E Evans T, Hulme PE, Jeschke JM, Kiihn I, Kumschick S, Markovd Z,
Mrugata A, Nentwig W, Pergl J, Pysek B, Rabitsch W, Ricciardi A, Richardson DM, Sendek
A, Vila M, Wilson JRU, Winter M, Genovesi B, Bacher S (2014) A Unified Classification
of Alien Species Based on the Magnitude of their Environmental Impacts. PLoS Biology
12: ¢1001850. https://doi.org/10.1371/journal.pbio.1001850

Boltovskoy D (2015) Limnoperna fortunei: The ecology, distribution and control of a swiftly
spreading invasive fouling mussel. Springer, Cham, 476 pp. [ISBN 978-3-319-13494-9.]

Boltovskoy D, Correa N (2015) Ecosystem impacts of the invasive bivalve Limnoperna fortunei
(golden mussel) in South America. Hydrobiologia 746: 81-95. https://doi.org/10.1007/
s10750-014-1882-9

Boni R, Novelli FZ, Silva AG (2009) Um alerta para os riscos de bioinvasao de jaqueiras, Ar-
tocarpus heterophyllus Lam., na Reserva Biolégica Paulo Fraga Rodrigues, antiga Reserva
Bioldgica Duas Bocas, no Espirito Santo, Sudeste do Brasil. Natureza on line 7: 51-55.
hteps://doi.org/htep://www.naturezaonline.com.br

Bradley BA, Laginhas BB, Whitlock R, Allen JM, Bates AE, Bernatchez G, Diez JM, Early R,
Lenoir J, Vila M, Sorte CJB (2019) Disentangling the abundance—impact relationship for
invasive species. Proceedings of the National Academy of Sciences of the United States of
America 116: 9919-9924. https://doi.org/10.1073/pnas. 1818081116


https://doi.org/10.1111/ddi.12871
https://doi.org/10.1111/2041-210X.12844
https://doi.org/10.1016/j.pecon.2018.06.004
https://doi.org/10.1016/j.pecon.2018.06.004
https://doi.org/10.1590/S1516-89132008000400021
https://doi.org/10.1079/9780851995922.0489
https://doi.org/10.1079/9780851995922.0489
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1590/S0100-204X2016000500018
https://doi.org/10.1371/journal.pbio.1001850
https://doi.org/10.1007/s10750-014-1882-9
https://doi.org/10.1007/s10750-014-1882-9
https://doi.org/http://www.naturezaonline.com.br
https://doi.org/10.1073/pnas.1818081116

Economic costs of biological invasions in Brazil 365

Bradshaw CJA, Leroy B, Bellard C, Roiz D, Albert C, Fournier A, Barbet-Massin M, Salles JM,
Simard F, Courchamp F (2016) Massive yet grossly underestimated global costs of invasive
insects. Nature Communications 7: €12986. https://doi.org/10.1038/ncomms12986

Brancalion PHS, Meli P, Tymus JRC, Lenti FEB, M. Benini R, Silva APM, Isernhagen I, Holl
KD (2019) What makes ecosystem restoration expensive? A systematic cost assessment
of projects in Brazil. Biological Conservation 240: ¢108274. https://doi.org/10.1016/j.
biocon.2019.108274

Brewer JS, Souza FM, Callaway RM, Durigan G (2018) Impact of invasive slash pine (Pinus el-
liottii) on groundcover vegetation at home and abroad. Biological Invasions 20: 2807-2820.
https://doi.org/10.1007/s10530-018-1734-z

Bueno ML, Magalhaes ALB, Andrade Neto FR, Alves CBM, Rosa DM, Junqueira NT, Pes-
sali TC, Pompeu PS, Zenni RD (2021) Alien fish fauna of southeastern Brazil: species
status, introduction pathways, distribution and impacts. Biological Invasions. https://doi.
org/10.1007/s10530-021-02564-x

Bumbeer ], da Rocha RM, Bornatowski H, Robert M de C, Ainsworth C (2018) Predicting
impacts of lionfish (Prerois volitans) invasion in a coastal ecosystem of southern Brazil. Bio-
logical Invasions 20: 1257-1274. https://doi.org/10.1007/s10530-017-1625-8

Carlos-Junior LA, Barbosa NPU, Moulton TP, Creed JC (2015) Ecological Niche Model used
to examine the distribution of an invasive, non-indigenous coral. Marine Environmental
Research 103: 115-124. https://doi.org/10.1016/j.marenvres.2014.10.004

Cavalcante ACC, Santos VLV Dos, Rossi LC, Moraes GJD (2015) Potential of five Brazilian pop-
ulations of Phytoseiidae (Acari) for the biological control of Bemisia tabaci (Insecta: Hemip-
tera). Journal of Economic Entomology 108: 29-33. https://doi.org/10.1093/jee/tou003

Centro De Estudos Avangados Em Economia Aplicada (CEPEA) e Confederacio Nacional
Da Agricultura E Pecudria (CNA) (2018) PIB do agronegécio brasileiro de 1996 a 2018.
hteps://www.cepea.esalq.usp.br/br/pib-do-agronegocio-brasileiro.aspx

Corley JC, Lantschner MV, Martinez AS, Fischbein D, Villacide JM (2019) Management of
Sirex noctilio populations in exotic pine plantations: critical issues explaining invasion suc-
cess and damage levels in South America. Journal of Pest Science 92: 131-142. hteps://doi.
0rg/10.1007/s10340-018-1060-3

Crystal-Ornelas R, Lockwood JL (2020a) Cumulative meta-analysis identifies declining but
negative impacts of invasive species on richness after 20 yr. Ecology 101: 1-11. https://doi.
org/10.1002/ecy.3082

Crystal-Ornelas R, Lockwood JL (2020b) The ‘known unknowns’ of invasive species impact
measurement. Biological Invasions 22: 1513-1525. https://doi.org/10.1007/s10530-020-
02200-0

Crystal-Ornelas R, Hudgins EJ, Cuthbert RN, Haubrock PJ, Fantle-Lepczyk J, Angulo E,
Kramer AM, Ballesteros-Mejia L, Leroy B, Leung B, Lépez-Lépez E, Diagne C, Courchamp
F (2021) Economic costs of biological invasions within North America. In: Zenni RD,
McDermott S, Garcfa-Berthou E, Essl F (Eds) The economic costs of biological invasions
around the world. NeoBiota 67: 485-510. https://doi.org/10.3897/neobiota.67.58038

Cuthbert RN, Pattison Z, Taylor NG, Verbrugge L, Diagne C, Ahmed DA, Leroy B, Angulo E,
Briski E, Capinha C, Catford JA, Dalu T, Essl E Gozlan RE, Haubrock PJ, Kourantidou


https://doi.org/10.1038/ncomms12986
https://doi.org/10.1016/j.biocon.2019.108274
https://doi.org/10.1016/j.biocon.2019.108274
https://doi.org/10.1007/s10530-018-1734-z
https://doi.org/10.1007/s10530-021-02564-x
https://doi.org/10.1007/s10530-021-02564-x
https://doi.org/10.1007/s10530-017-1625-8
https://doi.org/10.1016/j.marenvres.2014.10.004
https://doi.org/10.1093/jee/tou003
https://www.cepea.esalq.usp.br/br/pib-do-agronegocio-brasileiro.aspx
https://doi.org/10.1007/s10340-018-1060-3
https://doi.org/10.1007/s10340-018-1060-3
https://doi.org/10.1002/ecy.3082
https://doi.org/10.1002/ecy.3082
https://doi.org/10.1007/s10530-020-02200-0
https://doi.org/10.1007/s10530-020-02200-0
https://doi.org/10.3897/neobiota.67.58038

366 José R.P. Adelino et al. / NeoBiota 67: 349374 (2021)

M, Kramer AM, Renault D, Wasserman R]J, Courchamp F (2021) Global economic costs
of aquatic invasive alien species. Science of the Total Environment 775: €145238. https://
doi.org/10.1016/j.scitotenv.2021.145238

Czepak C, Albernaz KC, Vivan LM, Guimaries HO, Carvalhais T (2013) Primeiro registro de
ocorréncia de Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae) no Brasil. Pesquisa
Agropecudria Tropical 43: 110-113. hetps://doi.org/10.1590/51983-40632013000100015

da Rosa CA, de Almeida Curi NH, Puertas F, Passamani M (2017) Alien terrestrial mammals in
Brazil: current status and management. Biological Invasions 19: 2101-2123. https://doi.
org/10.1007/s10530-017-1423-3

Damasceno G, Souza L, Pivello VR, Gorgone-Barbosa E, Giroldo PZ, Fidelis A (2018) Im-
pact of invasive grasses on Cerrado under natural regeneration. Biological Invasions 20:
3621-3629. hteps://doi.org/10.1007/s10530-018-1800-6

Darrigran G, Damborenea C (2011) Ecosystem engineering impact of Limnoperna fortunei in
South America. Zoological Science 28: 1-7. https://doi.org/10.2108/zsj.28.1

Darrigran G, Damborenea C, Greco N (2007) An evaluation pattern for antimacrofouling pro-
cedures: Limnoperna fortunei larvae study in a hydroelectric power plant in South America.
Ambio 36: 575-579. https://doi.org/10.1579/0044-7447(2007)36[575:AEPFAP]2.0.CO;2

Dawson W, Moser D, Van Kleunen M, Kreft H, Pergl ], Pysek B, Weigelt B, Winter M, Len-
zner B, Blackburn TM, Dyer EE, Cassey B, Scrivens SL, Economo EP, Guénard B, Cap-
inha C, Seebens H, Garcia-Diaz P, Nentwig W, Garcfa-Berthou E, Casal C, Mandrak NE,
Fuller P, Meyer C, Essl F (2017) Global hotspots and correlates of alien species richness
across taxonomic groups. Nature Ecology and Evolution 1: 1-7. https://doi.org/10.1038/
s41559-017-0186

De Barro PJ, Liu SS, Boykin LM, Dinsdale AB (2011) Bemisia tabaci: A statement of spe-
cies status. Annual Review of Entomology 56: 1-19. https://doi.org/10.1146/annurev-
ento-112408-085504

de Campos MCS, de Andrade AFA, Kunzmann B, Galvao DD, Silva FA, Cardoso AV, Carval-
ho MD, Mota HR (2014) Modelling of the potential distribution of Limnoperna fortunei
(Dunker, 1857) on a global scale. Aquatic Invasions 9: 253-265. https://doi.org/10.3391/
ai.2014.9.3.03

de Moraes LA, Marubayashi JM, Yuki VA, Ghanim M, Bello VH, De Marchi BR, da Fonseca
Barbosa L, Boykin LM, Krause-Sakate R, Pavan MA (2017) New invasion of Bemisia ta-
baci Mediterranean species in Brazil associated to ornamental plants. Phytoparasitica 45:
517-525. https://doi.org/10.1007/s12600-017-0607-9

Dechoum M de S, Giehl ELH, Siihs RB, Silveira TCL, Ziller SR (2019) Citizen engagement in
the management of non-native invasive pines: Does it make a difference? Biological Inva-
sions 21: 175-188. https://doi.org/10.1007/s10530-018-1814-0

Deprd M, Poppe JL, Schmitz H]J, De Toni DC, Valente VLS (2014) The first records of the
invasive pest Drosophila suzukii in the South American continent. Journal of Pest Science
87: 379-383. https://doi.org/10.1007/s10340-014-0591-5

Diagne C, Leroy B, Gozlan RE, Vaissiere AC, Assailly C, Nuninger L, Roiz D, Jourdain E Jari¢
I, Courchamp F (2020) InvaCost: a public database of the economic costs of biological in-
vasions worldwide. Scientific Data 7: €277. https://doi.org/10.1038/s41597-020-00586-z


https://doi.org/10.1016/j.scitotenv.2021.145238
https://doi.org/10.1016/j.scitotenv.2021.145238
https://doi.org/10.1590/S1983-40632013000100015
https://doi.org/10.1007/s10530-017-1423-3
https://doi.org/10.1007/s10530-017-1423-3
https://doi.org/10.1007/s10530-018-1800-6
https://doi.org/10.2108/zsj.28.1
https://doi.org/10.1579/0044-7447(2007)36%5B575:AEPFAP%5D2.0.CO;2
https://doi.org/10.1038/s41559-017-0186
https://doi.org/10.1038/s41559-017-0186
https://doi.org/10.1146/annurev-ento-112408-085504
https://doi.org/10.1146/annurev-ento-112408-085504
https://doi.org/10.3391/ai.2014.9.3.03
https://doi.org/10.3391/ai.2014.9.3.03
https://doi.org/10.1007/s12600-017-0607-9
https://doi.org/10.1007/s10530-018-1814-0
https://doi.org/10.1007/s10340-014-0591-5
https://doi.org/10.1038/s41597-020-00586-z

Economic costs of biological invasions in Brazil 367

Diagne C, Leroy B, Vaissi¢re A-C, Gozlan RE, Roiz D, Jari¢ I, Salles JM, Bradshaw CJA, Cour-
champ F (2021) High and rising economic costs of biological invasions worldwide. Nature
592: 571-576. https://doi.org/10.1038/s41586-021-03405-6

Doherty TS, Glen AS, Nimmo DG, Ritchie EG, Dickman CR (2016) Invasive predators and
global biodiversity loss. Proceedings of the National Academy of Sciences of the United
States of America 113: 11261-11265. https://doi.org/10.1073/pnas. 1602480113

Durigan G, De Siqueira ME, Franco GADC (2007) Threats to the Cerrado remnants of the
State of Sao Paulo, Brazil. Scientia Agricola 64: 355-363. https://doi.org/10.1590/S0103-
90162007000400006

Fabricante JR, Aratjo KCT de, Andrade LA de, Ferreira JVA (2012) Invasao bioldgica de Ar-
tocarpus heterophyllus Lam. (Moraceae) em um fragmento de Mata Atlantica no Nordeste
do Brasil: impactos sobre a fitodiversidade e os solos dos sitios invadidos. Acta Botanica
Brasilica 26: 399-407. https://doi.org/10.1590/S0102-33062012000200015

Ferreira NR, De Medeiros RB, Soares GLG (2008) Potencial alelopdtico do capim-annoni-2
(Eragrostis plana Nees) na germinagio de sementes de gramineas perenes estivais. Revista
Brasileira de Sementes 30: 43—50. https://doi.org/10.1590/S0101-31222008000200006

Fontoura PM, Dyer E, Blackburn TM, Orsi ML (2013) Espécies de aves nio nativas no
Brasil. Neotropical Biology and Conservation 8: 165-175. https://doi.org/10.4013/
nbc.2013.83.07

Forti LR, Becker CG, Tacioli L, Pereira VR, Santos ACFA, Oliveira I, Haddad CFB, Toledo
LF (2017) Perspectives on invasive amphibians in Brazil. PLoS ONE 112(9): ¢0184703.
https://doi.org/10.1371/journal.pone.0184703

Fox J, Weisberg S (2019) An R Companion to Applied Regression (3" edn.). Sage, Thousand
Oaks.

Frehse F de A, Braga RR, Nocera GA, Vitule JRS (2016) Non-native species and invasion biol-
ogy in a megadiverse country: scientometric analysis and ecological interactions in Brazil.
Biological Invasions 18: 3713-3725. https://doi.org/10.1007/s10530-016-1260-9

Gallardo B, Clavero M, Sdnchez MI, Vila M (2016) Global ecological impacts of invasive spe-
cies in aquatic ecosystems. Global Change Biology 22: 151-163. https://doi.org/10.1111/
gcb.13004

Gilbertson RL, Batuman O, Webster CG, Adkins S (2015) Role of the Insect Supervectors
Bemisia tabaci and Frankliniella occidentalis in the Emergence and Global Spread of Plant
Viruses. Annual Review of Virology 2: 67-93. https://doi.org/10.1146/annurev-virolo-
2y-031413-085410

Gorgone-Barbosa E, Pivello VR, Baeza M], Fidelis A (2016) Disturbance as a factor in breaking
dormancy and enhancing invasiveness of African grasses in a Neotropical Savanna. Acta
Botanica Brasilica 30: 131-137. https://doi.org/10.1590/0102-33062015abb0317

Goodhue RE, Bolda M, Farnsworth D, Williams JC, Zalom FG (2011) Spotted wing dros-
ophila infestation of California strawberries and raspberries: Economic analysis of potential
revenue losses and control costs. Pest Management Science 67: 1396-1402. https://doi.
org/10.1002/ps.2259

Gould E, Pettersson J, Higgs S, Charrel R, de Lamballerie X (2017) Emerging arboviruses:
Why today? One Health 4: 1-13. https://doi.org/10.1016/j.0nehlt.2017.06.001


https://doi.org/10.1038/s41586-021-03405-6
https://doi.org/10.1073/pnas.1602480113
https://doi.org/10.1590/S0103-90162007000400006
https://doi.org/10.1590/S0103-90162007000400006
https://doi.org/10.1590/S0102-33062012000200015
https://doi.org/10.1590/S0101-31222008000200006
https://doi.org/10.4013/nbc.2013.83.07
https://doi.org/10.4013/nbc.2013.83.07
https://doi.org/10.1371/journal.pone.0184703
https://doi.org/10.1007/s10530-016-1260-9
https://doi.org/10.1111/gcb.13004
https://doi.org/10.1111/gcb.13004
https://doi.org/10.1146/annurev-virology-031413-085410
https://doi.org/10.1146/annurev-virology-031413-085410
https://doi.org/10.1590/0102-33062015abb0317
https://doi.org/10.1002/ps.2259
https://doi.org/10.1002/ps.2259
https://doi.org/10.1016/j.onehlt.2017.06.001

368 José R.P. Adelino et al. / NeoBiota 67: 349374 (2021)

Guimaries TCS, Schmidt IB (2017) A systematization of information on Brazilian Federal
protected areas with management actions for Animal Invasive Alien Species. Perspectives
in Ecology and Conservation 15: 136-140. https://doi.org/10.1016/j.pecon.2017.06.005

Haddad V, Stolf HO, Risk JY, Franga FOS, Cardoso JLC (2015) Report of 15 injuries caused
by lionfish (Pterois volitans) in aquarists in Brazil: A critical assessment of the severity of
envenomations. Journal of Venomous Animals and Toxins Including Tropical Diseases 21:
1-8. https://doi.org/10.1186/s40409-015-0007-x

Hegel CGZ, Marini MA (2013) Impact of the wild boar, Sus scrofa, on a fragment of Brazilian
Atlantic Forest. Neotropical Biology and Conservation 8(1): 17-24.

Heringer G, Angulo E, Ballesteros-Mejia L, Capinha C, Courchamp F, Diagne C, Duboscg-
Carra VG, Nufiez MA, Zenni RD (2021) The economic costs of biological invasions in
Central and South America: a first regional assessment. In: Zenni RD, McDermott S,
Garcfa-Berthou E, Essl F (Eds) The economic costs of biological invasions around the
world. NeoBiota 67: 401-426. https://doi.org/10.3897/neobiota.67.59193

Inoue-Nagata AK, Lima ME Gilbertson RL (2016) Uma revisdo de geminiviroses (begomovi-
roses) em hortalicas e outras culturas: Situacio atual e estratégias de manejo. Horticultura
Brasileira 34: 8—18. https://doi.org/10.1590/S0102-053620160000100002

Jiang D, Chen S, Hao M, Fu ], Ding F (2018) Mapping the Potential Global Codling Moth
(Cydia pomonella L.) Distribution Based on a Machine Learning Method. Scientific Re-
ports 8: 1-8. https://doi.org/10.1038/s41598-018-31478-3

IUCN (2020) IUCN EICAT Categories and Criteria. The Environmental Impact Classifica-
tion for Alien Taxa First edition. IUCN, Gland, Switzerland and Cambridge.

Jones BA (2017) Invasive Species Impacts on Human Well-being Using the Life Satisfaction In-
dex. Ecological Economics 134: 250-257. https://doi.org/10.1016/j.ecolecon.2017.01.002

Kovaleski A, Carbonari JJ, Albuquerque M (2015) Traca-da-maci, Cydia pomonella (L.). Pragas
introduzidas no Brasil: insetos e dcaros: 246-261. https://www.alice.cnptia.embrapa.br/
handle/doc/1023347

Kovaleski A, Mumford J (2007) Pulling out the evil by the root: The codling moth Cydia pomo-
nella eradication programme in Brazil. Area-Wide Control of Insect Pests: From Research
to Field Implementation: 581-590. https://doi.org/10.1007/978-1-4020-6059-5_54

Leite RC, dos Santos AC, dos Santos JGD, Leite RC, de Oliveira LBT, Hungria M (2019)
Mitigation of mombasa grass (Megathyrsus maximus) dependence on nitrogen fertilization
as a function of inoculation with Azospirillum brasilense. Revista Brasileira de Ciéncia do
Solo 43: 1-14. https://doi.org/10.1590/18069657rbcs20180234

Leroy B, Kramer A, Vaissi¢re A-C, Courchamp F, Diagne C (2020) Analysing global economic
costs of invasive alien species with the invacost R package. bioRxiv 2020.12.10.419432.
hteps://doi.org/10.1101/2020.12.10.419432

Leung B, Lodge DM, Finnoff D, Shogren JE Lewis MA, Lamberti G (2002) An ounce of
prevention or a pound of cure: Bioeconomic risk analysis of invasive species. Proceed-
ings of the Royal Society B: Biological Sciences 269: 2407-2413. https://doi.org/10.1098/
rspb.2002.2179

Mantoani MC, Torezan JMD (2016) Regeneration response of Brazilian Atlantic Forest woody
species to four years of Megathyrsus maximus removal. Forest Ecology and Management
359: 141-146. hteps://doi.org/10.1016/j.foreco.2015.10.004


https://doi.org/10.1016/j.pecon.2017.06.005
https://doi.org/10.1186/s40409-015-0007-x
https://doi.org/10.3897/neobiota.67.59193
https://doi.org/10.1590/S0102-053620160000100002
https://doi.org/10.1038/s41598-018-31478-3
https://doi.org/10.1016/j.ecolecon.2017.01.002
https://www.alice.cnptia.embrapa.br/handle/doc/1023347
https://www.alice.cnptia.embrapa.br/handle/doc/1023347
https://doi.org/10.1007/978-1-4020-6059-5_54
https://doi.org/10.1590/18069657rbcs20180234
https://doi.org/10.1101/2020.12.10.419432
https://doi.org/10.1098/rspb.2002.2179
https://doi.org/10.1098/rspb.2002.2179
https://doi.org/10.1016/j.foreco.2015.10.004

Economic costs of biological invasions in Brazil 369

Marcondes CB, Ximenes M de FF de M (2016) Zika virus in Brazil and the danger of infesta-
tion by Aedes (Stegomyia) mosquitoes. Revista da Sociedade Brasileira de Medicina Tropi-
cal 49: 4-10. hteps://doi.org/10.1590/0037-8682-0220-2015

Martelli CMT, Siqueira JB, Parente MPPD, Zara AL de SA, Oliveira CS, Braga C, Pimenta
FG, Cortes F, Lopez ]G, Bahia LR, Mendes MCO, da Rosa MQM, de Siqueira Filha NT,
Constenla D, de Souza WV (2015) Economic Impact of Dengue: Multicenter Study across
Four Brazilian Regions. PLoS Neglected Tropical Diseases 9(9): €0004042. hteps://doi.
org/10.1371/journal.pntd.0004042

Medeiros RB de, Focht T (2007) Invasio, prevengio, controle e utilizagio do capim-annoni-2
(Eragrostis plana Nees) no Rio Grande do Sul, Brasil 1 Invasion, prevention, control and
utilization of capim-annoni-2. 2: 105-114.

Mello JHE, Moulton TP, Raices DSL, Bergallo HG (2015) Sobre ratos e jaqueiras: Modelando
a capacidade suporte de uma populagio do rato-de-espinho da Mata Atlantica Trinomys di-
midiatus (Giinther,1877) — Rodentia, Echimyidae — em relagio a diferentes abundancias de
jaqueiras (Artocarpus heterophyllus L.). Brazilian Journal of Biology 75: 208-215. https://
doi.org/10.1590/1519-6984.11613

Mello K de, Valente RA, Randhir TO, Vettorazzi CA (2018) Impacts of tropical forest cover
on water quality in agricultural watersheds in southeastern Brazil. Ecological Indicators 93:
1293-1301. https://doi.org/10.1016/j.ecolind.2018.06.030

Miranda R]J, Nunes ] de ACC, Mariano-Neto E, Sippo JZ, Barros F (2018) Do invasive co-
rals alter coral reef processes? An empirical approach evaluating reef fish trophic inter-
actions. Marine Environmental Research 138: 19-27. https://doi.org/10.1016/j.maren-
vres.2018.03.013

Mittermeier RA, Turner WR, Larsen FW, Brooks TM, Gascon C (2011) Global Biodiversity
Conservation: The Critical Role of Hotspots. In: Zachos FE (Ed.) Springer Biosiversity
Hotspots, 546 pp. https://doi.org/10.1007/978-3-642-20992-5_1

Mpyers N, Mittermeier RA, Mittermeier CG, Fonseca GAB da, Kent J (2000) Biodiversity hot-
spots for conservation priorities. African Journal of Herpetology 403: 853-858. https://
doi.org/10.1038/35002501

Navas-Castillo J, Fiallo-Olivé E, Sdnchez-Campos S (2011) Emerging virus diseases transmitted
by whiteflies. Annual Review of Phytopathology 49: 219-248. https://doi.org/10.1146/
annurev-phyto-072910-095235

Nufiez MA, Pauchard A, Ricciardi A (2020) Invasion Science and the Global Spread of
SARS-CoV-2. Trends in Ecology and Evolution 35: 642-645. https://doi.org/10.1016/j.
tree.2020.05.004

Oliveira CM, Auad AM, Mendes SM, Frizzas MR (2013) Economic impact of exotic insect
pests in Brazilian agriculture. Journal of Applied Entomology 137: 1-15. https://doi.
org/10.1111/jen.12018

Oliveira CM, Auad AM, Mendes SM, Frizzas MR (2014) Crop losses and the economic
impact of insect pests on Brazilian agriculture. Crop Protection 56: 50-54. https://doi.
org/10.1016/j.cropro.2013.10.022

Overbeck GE, Vélez-Martin E, Scarano FR, Lewinsohn TM, Fonseca CR, Meyer ST, Miil-
ler SC, Ceotto P, Dadalt L, Durigan G, Ganade G, Gossner MM, Guadagnin DL, Lor-
enzen K, Jacobi CM, Weisser WW, Pillar VD (2015) Conservation in Brazil needs to


https://doi.org/10.1590/0037-8682-0220-2015
https://doi.org/10.1371/journal.pntd.0004042
https://doi.org/10.1371/journal.pntd.0004042
https://doi.org/10.1590/1519-6984.11613
https://doi.org/10.1590/1519-6984.11613
https://doi.org/10.1016/j.ecolind.2018.06.030
https://doi.org/10.1016/j.marenvres.2018.03.013
https://doi.org/10.1016/j.marenvres.2018.03.013
https://doi.org/10.1007/978-3-642-20992-5_1
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.1146/annurev-phyto-072910-095235
https://doi.org/10.1146/annurev-phyto-072910-095235
https://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.1111/jen.12018
https://doi.org/10.1111/jen.12018
https://doi.org/10.1016/j.cropro.2013.10.022
https://doi.org/10.1016/j.cropro.2013.10.022

370 José R.P. Adelino et al. / NeoBiota 67: 349374 (2021)

include non-forest ecosystems. Diversity and Distributions 21: 1455-1460. https://doi.
org/10.1111/ddi.12380

Paini DR, Sheppard AW, Cook DC, De Barro PJ, Worner SB, Thomas MB (2016) Global threat
to agriculture from invasive species. Proceedings of the National Academy of Sciences of
the United States of America 113: 7575-7579. https://doi.org/10.1073/pnas. 1602205113

Pauchard A, Meyerson LA, Bacher S, Blackburn TM, Brundu G, Cadotte MW, Courchamp E,
Essl E, Genovesi P, Haider S, Holmes ND, Hulme PE, Jeschke JM, Lockwood JL, Novoa
A, Nufiez MA, Peltzer DA, Pysek B, Richardson DM, Simberloff D, Smith K, van Wilgen
BW, Vila M, Wilson JRU, Winter M, Zenni RD (2018) Biodiversity assessments: Origin
matters. PLoS Biology 16: 8—11. https://doi.org/10.1371/journal.pbio.2006686

Pedrosa E Salerno R, Padilha FVB, Galetti M (2015) Current distribution of invasive feral
pigs in Brazil: Economic impacts and ecological uncertainty. Natureza e Conservacao 13:
84-87. https://doi.org/10.1016/j.ncon.2015.04.005

Pelicice FM, Vitule JRS, Lima Junior DB, Orsi ML, Agostinho AA (2014) A serious new threat
to Brazilian freshwater ecosystems: The naturalization of nonnative fish by decree. Conser-
vation Letters 7: 55-60. https://doi.org/10.1111/conl.12029

Penteado SDRC, Trentini RDE Iede ET, Filho WR (2000) Ocorréncia, distribuicio, danos e
controle de pulgoes do género Cinara em Pinus Spp. no Brasil. Floresta 30. https://doi.
org/10.5380/rf.v30i12.2324

Pimentel D, McNair S, Janecka J, Wightman J, Simmonds C, O’Connell C, Wong E, Russel
L, Zern J, Aquino T, Tsomondo T (2001) Economic and environmental threats of alien
plant, animal, and microbe invasions. Agriculture, Ecosystems and Environment 84: 1-20.
hteps://doi.org/10.1016/S0167-8809(00)00178-X

Pozebon H, Marques RP, Padilha G, O Neal M, Valmorbida I, Bevilaqua JG, Tay WT,
Arnemann JA (2020) Arthropod Invasions Versus Soybean Production in Brazil: A Review.
Journal of economic entomology 113: 1591-1608. https://doi.org/10.1093/jee/toaal 08

Ramalho ACO, da Silva RJ, Schwartz HO, Péres AK (2009) Helminths from an introduced
species (Tupinambis merianae), and two endemic species (Trachylepis atlantica and Am-
phisbaena ridleyi) from Fernando de Noronha Archipelago, Brazil. Journal of Parasitology
95(4): 1026-1028. https://doi.org/10.1645/GE-1689.1

Ribeiro KT, Filippo DC, Paiva CL, Madeira JA, Nascimento JS (2000) Ocupagio por Brachia-
ria spp. (Poaceae) no Parque Nacional da Serra do Cipé e infestagio decorrente da obra
de pavimentag¢io da rodovia MG-010, na APA Morro da Pedreira, Minas Gerais. Anais
do Simpésio Brasileiro de Espécies Invasoras, Ministério do Meio Ambiente, Brasilia-DF:
1-17. http://www.mma.gov.br/estruturas/174/_arquivos/174_05122008113143.pdf

Ribeiro MC, Metzger JP, Martensen AC, Ponzoni FJ, Hirota MM (2009) The Brazilian At-
lantic Forest: How much is left, and how is the remaining forest distributed? Implications
for conservation. Biological Conservation 142: 1141-1153. https://doi.org/10.1016/j.bio-
con.2009.02.021

Ricciardi A, Hoopes ME, Marchetti MP, Lockwood JL (2013) Progress toward understanding
the ecological impacts of nonnative species. Ecological Monographs 83: 263-282. https://
doi.org/10.1890/13-0183.1

Rico-Sdnchez AE, Haubrock PJ, Cuthbert RN, Angulo E, Ballesteros-Mejia L, Lépez-Lépez
E, Duboscq-Carra VG, Nunez MA, Diagne C, Courchamp F (2021) Economic costs of


https://doi.org/10.1111/ddi.12380
https://doi.org/10.1111/ddi.12380
https://doi.org/10.1073/pnas.1602205113
https://doi.org/10.1371/journal.pbio.2006686
https://doi.org/10.1016/j.ncon.2015.04.005
https://doi.org/10.1111/conl.12029
https://doi.org/10.5380/rf.v30i12.2324
https://doi.org/10.5380/rf.v30i12.2324
https://doi.org/10.1016/S0167-8809(00)00178-X
https://doi.org/10.1093/jee/toaa108
https://doi.org/10.1645/GE-1689.1
http://www.mma.gov.br/estruturas/174/_arquivos/174_05122008113143.pdf
https://doi.org/10.1016/j.biocon.2009.02.021
https://doi.org/10.1016/j.biocon.2009.02.021
https://doi.org/10.1890/13-0183.1
https://doi.org/10.1890/13-0183.1

Economic costs of biological invasions in Brazil 371

invasive alien species in Mexico. In: Zenni RD, McDermott S, Garcfa-Berthou E, Essl F
(Eds) The economic costs of biological invasions around the world. NeoBiota 67: 459-483.
https://doi.org/10.3897/neobiota.67.63846

Riet-Correa B, Castro MB, Lemos RA, Riet-Correa G, Mustafa V, Riet-Correa F (2011) Bra-
chiaria spp. poisoning of ruminants in Brazil. Pesquisa Veterindria Brasileira 31: 183—-192.
hteps://doi.org/10.1590/50100-736X2011000300001

Schnell e Schiihli G, Penteado SC, Barbosa LR, Filho WR, Iede ET (2016) A review of the
introduced forest pests in Brazil. Pesquisa Agropecudria Brasileira 51: 397—-406. https://
doi.org/10.1590/50100-204X2016000500001

Seebens H, Blackburn TM, Dyer EE, Genovesi P, Hulme PE, Jeschke JM, Pagad S, Pysek D,
Winter M, Arianoutsou M, Bacher S, Blasius B, Brundu G, Capinha C, Celesti-Grapow L,
Dawson W, Dullinger S, Fuentes N, Jiger H, Kartesz ], Kenis M, Kreft H, Kiihn I, Lenzner
B, Liebhold A, Mosena A, Moser D, Nishino M, Pearman D, Pergl J, Rabitsch W, Rojas-
Sandoval J, Roques A, Rorke S, Rossinelli S, Roy HE, Scalera R, Schindler S, Stajerov4 K,
Tokarska-Guzik B, Van Kleunen M, Walker K, Weigelt P, Yamanaka T, Essl F (2017) No
saturation in the accumulation of alien species worldwide. Nature Communications 8:
1-9. heeps://doi.org/10.1038/ncomms14435

Seebens H, Bacher S, Blackburn TM, Capinha C, Dawson W, Dullinger S, Genovesi P, Hulme
PE, van Kleunen M, Kiihn I, Jeschke J, Lenzner B, Liebhold AM, Pattison Z, Pergl J, Pysek
P, Winter M, Essl F (2020) Projecting the continental accumulation of alien species through
to 2050. Global Change Biology 27(5): 970-982. https://doi.org/10.1111/gcb.15333

Shackleton RT, Shackleton CM, Kull CA (2019) The role of invasive alien species in shaping
local livelihoods and human well-being: A review. Journal of Environmental Management
229: 145-157. hteps://doi.org/10.1016/j.jenvman.2018.05.007

Shepard DS, Coudeville L, Halasa YA, Zambrano B, Dayan GH (2011) Economic impact of
dengue illness in the Americas. American Journal of Tropical Medicine and Hygiene 84:
200-207. https://doi.org/10.4269/ajtmh.2011.10-0503

Silva JE, Assis CPO, Ribeiro LMS, Siqueira HAA (2016) Field-Evolved Resistance and Cross-Re-
sistance of Brazilian 7uta absoluta (Lepidoptera: Gelechiidae) populations to Diamide Insecti-
cides. Journal of Economic Entomology 109: 2190-2195. https://doi.org/10.1093/jee/tow161

Silva R, Vinagre C, Kitahara MV, Acorsi IV, Mizrahi D, Flores AAV (2019) Sun coral invasion
of shallow rocky reefs: effects on mobile invertebrate assemblages in Southeastern Brazil.
Biological Invasions 21: 1339-1350. hteps://doi.org/10.1007/s10530-018-1903-0

Soares-filho B, Rajao R, Macedo M, Carneiro A, Costa W, Coe M, Rodrigues H, Alencar A
(2014) Cracking Brazil’s Forest Code. Science 344: 363-364. https://doi.org/10.1126/
science.1246663

Strayer DL (2012) Eight questions about invasions and ecosystem functioning. Ecology Letters
15: 1199-1210. https://doi.org/10.1111/j.1461-0248.2012.01817 x

Shukla B, Shukla M, Shukla Y, Shukla A (2018) Comparison of Country / Economies at Stage
of Development with Movement in Rankings of Countries on Global Competitiveness.
Medcave Journal of Business Management 1: e101.

Teich V, Arinelli R, Fahham L (2017) Aedes acgypti e sociedade: o impacto econémico das
arboviroses no Brasil. Jornal Brasileiro de Economia da Satde 9: 267-276. https://doi.
org/10.21115/]BES.v9.n3.p267-76


https://doi.org/10.3897/neobiota.67.63846
https://doi.org/10.1590/S0100-736X2011000300001
https://doi.org/10.1590/S0100-204X2016000500001
https://doi.org/10.1590/S0100-204X2016000500001
https://doi.org/10.1038/ncomms14435
https://doi.org/10.1111/gcb.15333
https://doi.org/10.1016/j.jenvman.2018.05.007
https://doi.org/10.4269/ajtmh.2011.10-0503
https://doi.org/10.1093/jee/tow161
https://doi.org/10.1007/s10530-018-1903-0
https://doi.org/10.1126/science.1246663
https://doi.org/10.1126/science.1246663
https://doi.org/10.1111/j.1461-0248.2012.01817.x
https://doi.org/10.21115/JBES.v9.n3.p267-76
https://doi.org/10.21115/JBES.v9.n3.p267-76

372 José R.P. Adelino et al. / NeoBiota 67: 349374 (2021)

Thomazoni D, Soria MF, Pereira E]JG, Degrande PE (2013) Helicoverpa armigera: perigo imi-
nente aos cultivos de algodio, soja e milho do estado de Mato Grosso. Circular técnica: 12.
Embrapa Agropecudria Oeste (CPAO), Cuiabd.

Valduga MO, Zenni RD, Vitule JRS (2016) Ecological impacts of non-native tree species plan-
tations are broad and heterogeneous: A review of Brazilian research. Anais da Academia
Brasileira de Ciencias 88: 1675-1688. https://doi.org/10.1590/0001-3765201620150575

Venter O, Sanderson EW, Magrach A, Allan JR, Beher J, Jones KR, Possingham HE, Laurance
WE Wood P, Fekete BM, Levy MA, Watson JEM (2016) Sixteen years of change in the
global terrestrial human footprint and implications for biodiversity conservation. Nature
Communications 7: 1-11. hteps://doi.org/10.1038/ncomms12558

Vila M, Espinar JL, Hejda M, Hulme PE, Jarosik V, Maron JL, Pergl J, Schaffner U, Sun'Y,
Pysek P (2011) Ecological impacts of invasive alien plants: A meta-analysis of their ef-
fects on species, communities and ecosystems. Ecology Letters 14: 702-708. https://doi.
org/10.1111/j.1461-0248.2011.01628.x

Walsh DB, Bolda MP, Goodhue RE, Dreves AJ, Lee J, Bruck DJ, Walton VM, O’Neal SD,
Zalom FG (2011) Drosophila suzukii (Diptera: Drosophilidae): Invasive pest of ripening
soft fruit expanding its geographic range and damage potential. Journal of Integrated Pest
Management 2: 3-9. hteps://doi.org/10.1603/IPM 10010

Wittenberg R, Cock MJW (2001) Invasive alien species: a toolkit of best prevention and man-
agement policies. CAB International. https://doi.org/10.1079/9780851995694.0000

Zanin Hegel CG, Angelo Marini M (2013) Impacto do javali Europeu, Sus scrofa, em um
fragmento da Mata Atl4ntica Brasileira. Neotropical Biology and Conservation 8: 17-24.
hteps://doi.org/10.4013/nbc.2013.81.03

Zenni RD (2015) The naturalized flora of Brazil: A step towards identifying future inva-
sive non-native species. Rodriguesia 66: 1137-1144. https://doi.org/10.1590/2175-
7860201566413

Zenni RD, Ziller SR (2011) An overview of invasive plants in Brazil. Revista Brasileira de Bo-
tAnica 34: 431-446. hteps://doi.org/10.1590/50100-84042011000300016

Ziller S, Zenni R, Souza Bastos L, Possato Rossi V, Wong L], Pagad S (2020) Global register
of introduced and invasive species- Brazil. Version 1.4. Invasive Species Specialist Group
ISSG. Checklist dataset accessed via GBIEorg [2020-09-11]


https://doi.org/10.1590/0001-3765201620150575
https://doi.org/10.1038/ncomms12558
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.1603/IPM10010
https://doi.org/10.1079/9780851995694.0000
https://doi.org/10.4013/nbc.2013.81.03
https://doi.org/10.1590/2175-7860201566413
https://doi.org/10.1590/2175-7860201566413
https://doi.org/10.1590/S0100-84042011000300016

Economic costs of biological invasions in Brazil 373

Supplementary material |

Table S1. Observed costs for Brazil from the invacost database including the con-

fidence attributed to the observed costs

Authors: José Ricardo Pires Adelino, Gustavo Heringer, Christophe Diagne, Franck

Courchamp, Lucas Del Bianco Faria, Rafael Dudeque Zenni

Data type: cost

Explanation note: https://doi.org/10.6084/m9.figshare.12668570

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59185.suppl1

Supplementary material 2

Table S2. Observed costs for Brazil from the invacost database organized into the

following group of intervention: damage, management, and mixed

Authors: José Ricardo Pires Adelino, Gustavo Heringer, Christophe Diagne, Franck

Courchamp, Lucas Del Bianco Faria, Rafael Dudeque Zenni

Data type: cost

Explanation note: https://doi.org/10.6084/m9.figshare.12668570

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59185.suppl2


https://doi.org/10.6084/m9.figshare.12668570
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.67.59185.suppl1
https://doi.org/10.6084/m9.figshare.12668570
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.67.59185.suppl2

374 José R.P. Adelino et al. / NeoBiota 67: 349374 (2021)

Supplementary material 3

Table S3. Observed mixed costs for Brazil from the invacost database

Authors: José Ricardo Pires Adelino, Gustavo Heringer, Christophe Diagne, Franck

Courchamp, Lucas Del Bianco Faria, Rafael Dudeque Zenni

Data type: cost

Explanation note: https://doi.org/10.6084/m9.figshare.12668570

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59185.suppl3

Supplementary material 4

Table S4

Authors: José Ricardo Pires Adelino, Gustavo Heringer, Christophe Diagne, Franck

Courchamp, Lucas Del Bianco Faria, Rafael Dudeque Zenni

Data type: cost

Explanation note: All costs for Brazil present in the invacost database at the time of the
analysis: https://doi.org/10.6084/m9.figshare. 12668570

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDBL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59185.suppl4

Supplementary material 5

Table S5

Authors: José Ricardo Pires Adelino, Gustavo Heringer, Christophe Diagne, Franck

Courchamp, Lucas Del Bianco Faria, Rafael Dudeque Zenni

Data type: cost

Explanation note: Cost of species by activity sectors

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59185.suppl5


https://doi.org/10.6084/m9.figshare.12668570
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.67.59185.suppl3
https://doi.org/10.6084/m9.figshare.12668570
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.67.59185.suppl4
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.67.59185.suppl5

	The economic costs of biological invasions in Brazil: a first assessment
	Abstract
	Abstract in Portuguese
	Introduction
	Method
	Results
	Discussion
	Acknowledgements
	References

