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Abstract
The introduction of non-native species (NNS) and the resulting biological invasions are 
conspicuous features of the Anthropocene Epoch. Parallel to these phenomena, some ini-
tiatives (political, social and scientific) have sought to value and protect invasive popula-
tions, recognizing some benefits that NNS may deliver to people and nature. Given this 
growing trend of valuing NNS, we considered opportune to address this issue in the con-
text of megadiverse tropical countries. We investigated an emerging trend that has advo-
cated the protection of highly invasive fishes by legal instruments, i.e., the protection of 
invasive peacock basses (genus Cichla) in Brazil. We recorded 16 bills or laws proposed 
between 2017 and 2022 that determine fishing restrictions to protect invasive Cichla spp. 
from overfishing and other impacts, in order to favor population recruitment, growth, colo-
nization and spread. Specifically, they establish restrictions on fishing, capture, transport, 
trade, and processing, including quotas, compulsory catch and release, length limits, use of 
gears, and temporal interdictions. They also determine the naturalization of peacock basses 
in some main basins of South America, which include different watersheds and ecoregions, 
with risk of intercountry invasions. This particular case is instructive to unveil the risks 
of positions that emphasize positive contributions of NNS to society and nature, as these 
misguided conservation actions favor invasive organisms with high potential to cause envi-
ronmental degradation, biodiversity losses, and social conflicts. These positions find fertile 
ground in some contexts, especially in tropical developing countries, where economic con-
straints, poor access to information, opportunism, and bad political behavior have been the 
norm.
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Introduction

Humans have favored the introduction, establishment, and spread of non-native species 
(hereafter NNS) since prehistoric times, but only recently this process has become a global 
and accelerated phenomenon (Seebens et al. 2017). In fact, the introduction of NNS and 
the resulting biological invasions are conspicuous features of the Anthropocene (Waters 
et  al. 2016) or Homogenocene (Padial et  al. 2020) periods. Introductions of NNS have 
been conducted either intentionally or accidentally by multiple vectors operating at local, 
regional and global scales, which make surveillance, monitoring and control very difficult 
(Simberloff 2003; Novoa et al. 2020; Ricciardi and MacIsaac 2022). As a result, the detec-
tion of new NNS have increased exponentially around the world (Seebens et  al. 2017), 
especially involving organisms that have some desirable effects to humans from some spe-
cific angle, such as fish (e.g., Casal 2006; Johnson et al. 2009; Vitule et al. 2009; Toussaint 
et al. 2018; Bueno et al. 2021; Doria et al. 2021).

Parallel to the introduction and spread of NNS, some initiatives (political, social and sci-
entific) have sought to value and protect invasive populations of non-native organisms (e.g., 
Gozlan 2008; Johnson et al. 2009; Vitule et al. 2009, 2012; Davis et al. 2011; Schlaepfer 
et al. 2011; Ribeiro et al. 2017; Garcia et al. 2022; Sax et al. 2022). This position recog-
nizes some real or potential benefits that NNS may deliver to people and nature. However, 
initiatives that emphasize some particular values of NNS and protect invasive populations 
tend to hold a simplistic view about biodiversity, ecosystem functioning and degradation, 
underestimating or ignoring social, economic and environmental issues that translate into 
negative effects, disturbances, costs, and conflicts (Vitule and Pelicice 2023). It is worth 
noting that the introduction of NNS is a main factor driving the current biodiversity crisis, 
threatening the maintenance of ecosystems and their services on a planetary scale (Mack 
et al. 2000; Clavero and Garcia-Berthou 2005; Vitule et al. 2009; Simberloff et al. 2013). 
Moreover, NNS have caused substantial economic losses to nations (Pimentel et al. 2000; 
Essl et al. 2011; Walsh et al. 2016; Adelino et al. 2021), and their management, control 
or eradication demand expensive, complex, and sometimes unfeasible actions. From the 
perspective of nature conservation and sustainability, the protection of NNS is non-sensical 
(Ricciardi and Simberloff 2009; Vitule et al. 2009; Lövei and Lewinsohn 2012), as it favors 
processes (i.e., biological invasions and biotic homogenization) that are complex, unpre-
dictable and contingent, which can interact synergistically with other human disturbances 
in multiple ways and scales (Essl et al. 2011; Havel et al. 2015; Ricciardi et al. 2021; Vit-
ule and Pelicice 2023). The valuation and protection of NNS may compromise legitimate 
conservation programs and the management of natural resources; they represent typical 
cases of misguided conservation initiatives, as conservation efforts are directed towards 
the protection and spread of invasive NNS. Such actions have the potential to affect human 
well-being and sustainability in the long-term, which are generally difficult to assess with-
out taking into account qualified information, scale issues (spatial and temporal), and value 
judgment (e.g., Ricciardi et al. 2021; Catford et al. 2022). These initiatives are also prone 
to confound public opinion and cause cultural degradation (Pfeiffer and Voeks 2008; Spe-
ziale et al. 2012; Santos et al. 2019a), as society, stimulated by immediate benefits, tend to 
support these actions. Moreover, the protection of NNS may attenuate the perception of 
negative effects and encourage actions and manifests (e.g., animal rights, local movements) 
to act against the control and eradication of invasive organisms (Crowley et al. 2017).

Conservation initiatives to protect NNS based on limited perspectives or a strict point 
of view have been recorded in different parts of the planet (Johnson et al. 2009; Weyl et al. 



Biodiversity and Conservation	

1 3

2016; Ribeiro et al. 2017), including megadiverse tropical regions (Lövei and Lewinsohn 
2012; Van Damme et  al. 2015; Frehse et  al. 2016; Santos et  al. 2019a; Marková et  al. 
2020). In South America, some initiatives have sought to protect non-native fishes that are 
highly valued by fisheries (Online Resource 1), including species with confirmed invasive 
and harmful potential (Lazzaroto and Caramaschi 2009; Vitule et al. 2009; Sepúlveda et al. 
2013; Ribeiro et al. 2017; Magalhães et al. 2018; Geller et al. 2020; Franco et al. 2021; 
Cataneo et al. 2022). In Brazil, invasive populations of peacock basses (genus Cichla Bloch 
& Schneider, 1801—Cichliformes, Cichlidae) have received significant attention from sec-
tors associated with the development of recreational fisheries. This movement has been 
responsible for the illegal introduction and spread of Cichla spp. in different drainages 
across the country, but it has also used political and economic power to lobby for protec-
tive measures that favor invasive populations, as a means of fostering fishing activities and 
tourism (Magalhães et al. 2018; Franco et al. 2022a). As a result, some legal instruments 
have been proposed to protect non-native species of Cichla, pointing to the emergence of a 
social and political movement that defends the preservation of invasive NNS whose envi-
ronmental and social impacts are well known (e.g., Pelicice and Agostinho 2009; Bezerra 
et  al. 2019; Catelani et  al. 2021a; Franco et  al. 2021). Initiatives to protect Cichla spp. 
are emblematic cases of misguided conservation actions, as they favor non-native invasive 
organisms with high potential to cause environmental degradation, biodiversity losses, and 
social conflicts, emphasizing the multiple risks associated with positions that value NNS.

Given this growing trend of valuing NNS, which has been observed even among 
researchers and experts in invasion science (e.g., Gozlan 2008; Davis et al. 2011; Schlae-
apfer et al. 2011, 2012; Sax et al. 2022), we considered opportune to address this issue in 
the context of megadiverse or hyperdiverse tropical regions of the planet. These regions or 
nations hold disparate biodiversity and provide a myriad of ecosystem services to human-
ity (e.g., Groot et al. 2012; Brandon 2014; Rodrigues et al. 2021; Pelicice et al. 2022a), but 
they have been massively invaded by different NNS, especially fishes (Lövei and Lewin-
sohn 2012; Frehse et al. 2016; Vitule et al. 2019; Bueno et al. 2021; Doria et al. 2021). 
Moreover, tropical biodiversity has been progressively eroded by the expansion of human 
activities, poor conservation actions, and unfavorable environmental policies (e.g., Wine-
miller et al. 2016; Kleinschroth et al. 2019; Pelicice and Castello 2021), which make these 
regions vulnerable to initiatives that promote the use or the protection of NNS. To explore 
this context, we investigated an emerging trend that has advocated the protection of inva-
sive fishes by legal instruments, i.e., the protection of invasive populations of peacock 
basses in different drainages and geopolitical regions of Brazil. In particular, we gathered 
and analyzed bills and laws (hereafter B&L) proposed in the last five years that establish 
measures to protect these highly invasive fish. We use this particular case to explore the 
consequences and risks associated with positions that value NNS and support misguided 
conservation initiatives and policies that favor non-native invasive organisms.

Peacock bass: a powerful invasive NNS

Peacock basses (Fig.  1a) are tropical fishes native to different drainages of the Amazon 
region, i.e., Amazon, Essequibo, Orinoco and Tocantins-Araguaia river basins (Franco 
et al. 2022b). There are 16 valid species (Kullander and Ferreira 2006; Sabaj et al. 2020), 
although molecular studies indicate the existence of nine species and seven regional varie-
ties (Willis et al. 2012; Winemiller et al. 2021). Several traits make these species highly 



	 Biodiversity and Conservation

1 3

appreciated by recreational fishing (Fig.  1b), such as beauty, size, vitality, strength, and 
ferocity; they are piscivores, voracious and visually-oriented, apex predator with high per 
capita effects (Jepsen et al. 1997; Sabino and Zuanon 1998; Carvalho et al. 2021). They 
are also valued for other uses, including consumption, aquaculture, and fish keeping. Their 
economic and social significance has motivated the introduction of different species around 
the world (Sastraprawira et al. 2020; Franco et al. 2022b).

In Brazil, the first introductions of Cichla occurred officially in the semiarid region 
during the 1930s, with the aim of establishing new fisheries and providing animal protein 
for the local population (Paiva and Mesquita 2013; Bezerra et al. 2019). In the following 

Fig. 1   The peacock bass (genus 
Cichla), a Neotropical fish highly 
appreciated by sport and recrea-
tional fishing. a Cichla kelberi, a 
fish widely introduced in Brazil; 
b sport fishing based on catch 
and release; c fishing tournament 
focused on the catch and release 
of Cichla species
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decades, different species were introduced illegally in other Brazilian drainages, through 
the action of different vectors (e.g., fishing, aquaculture, aquarium trade; Espínola et  al. 
2010; Britton and Orsi 2012; Ortega et  al. 2015; Magalhães et  al. 2017; Bueno et  al. 
2021). The introduction of peacock basses accelerated after the 1990s with the expan-
sion of recreational fishing (Vitule 2009; Franco et al. 2022b; Hillesheim et al. 2022), a 
diverse segment that includes sport fishing, anglers, underwater fishing, associations, and 
tournaments; sport fishing, in particular, is deeply connected with peacock basses. Cur-
rently, introduced populations of Cichla spp. are widely established and spread in Brazil 
(Fig. 2a)—an increasing trend, although these numbers can be underestimated (Vitule et al. 
2019). These fishes colonized successfully hydroelectric impoundments of the upper Par-
aná, Iguaçu, Paraíba do Sul, and São Francisco river basins (Espínola et  al. 2010; Daga 
et al. 2016; Franco et al. 2018; Garcia et al. 2018; Bezerra et al. 2019; Loures and Pompeu 
2019; D’avilla et al. 2021), mainly in cascade dam systems (Pelicice et al. 2018).

The genus Cichla has been a successful invader, considering that different species have 
colonized different environments (e.g., rivers, lakes, canals, floodplains, large and small 
impoundments, ponds, and estuaries), biomes (e.g., savannas, rainforests) and ecoregions 
(Sastraprawira et al. 2020; Franco et al. 2022b). Propagule pressure has probably played a 
role, but Cichla species have some functional traits that grant high invasiveness (Magalhães 
et al. 2017). Like most cichlids, peacock basses prefer lentic environments, where they find 
food, breeding sites, and refuge; this behavior has enabled the successful colonization of 
hydroelectric impoundments (Espínola et al. 2010; Franco et al. 2022c). Cichla species are 
voracious and generalist top-predators that consume preferentially small fish (Jepsen et al. 
1997; Novaes et al. 2004; Marto et al. 2015; Winemiller et al. 2021), a common and abun-
dant resource in freshwater environments. In addition, they are able to consume secondary 
resources when food supply is low, such as invertebrates or practicing cannibalism (Santos 
et al. 2001; Teixeira and Bennemann 2007; Fugi et al. 2008; Villares Junior and Gomiero 
2010; Mendonça et al. 2018; Rosa et al. 2021). They are efficient visual apex predators, 
with a type II functional response curve and higher consumption rates when compared to 
other predators (Carvalho et al. 2021), which suggests that its ecological impacts emerge 
from strong per capita effects (i.e., Parker et  al. 1999). They can use different strategies 
to feed, including opportunism, ambushing, stalking, chasing, and shoaling (Sabino and 
Zuanon 1998; Marto et al. 2015; Andrade and Pelicice 2022). These fish are territorial and 
aggressive during reproduction, when they build nests and guard their offspring (Magal-
hães et  al. 1996; Winemiller et  al. 2021). They have multiple-batch spawning and high 
fecundity (Souza et  al. 2008; Normando et  al. 2009; Vieira et  al. 2009), and can adjust 
their reproductive period when conditions are favorable, including continuous reproduction 
(Marto et al. 2015). Cichla species are also less vulnerable to predation, especially when 
they reach large sizes (> 40 cm) in hydroelectric reservoirs, where large predators are virtu-
ally absent. They also present cryptic coloration when young and eyespots near the caudal 
fin (Pelicice et al. 2022b), which constitute defense mechanisms against predators (Wine-
miller 1990). These fish are also eurytopic animals, tolerating wide environmental varia-
tion and different water types (i.e., black, white and clear waters), being able to colonize 
a variety of environments; they can even tolerate temperate climates (Franco et al. 2022b) 
and high salinity (Catelani et al. 2021b).

The introduction of peacock basses has been followed by severe environmental dis-
turbances (Franco et  al. 2021). The scientific literature is clear about multiple ecologi-
cal effects at different levels of organization, from populations to ecosystems. Studies 
have reported reductions in population size or the extirpation of small fish (e.g., Latini 
and Petrere 2004; Pelicice and Agostinho 2009; Sharpe et al. 2017; Franco et al. 2022c), 
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top-down control (e.g., Pinto-Coelho et  al. 2008), changes in the diet of native species 
(Pompeu and Godinho 2001), competition with native predators (Fugi et  al. 2008), and 
local extinction of carnivores (Pompeu and Alves 2003)—with effects on food web struc-
ture and on the generation of ecosystem functions and services (e.g., Zaret and Paine 1973; 
Leal et  al. 2021; Souza et  al. 2021). An overview of impacts can be checked in Franco 
et al. (2021), but the existing scientific literature about the issue is provided in Franco et al. 
(2022d).

Misguided conservation initiatives

Peacock basses (native and introduced) have been highly appreciated by sport fishing and 
other modalities (Lubich et al. 2021; Winemiller et al. 2021; Hillesheim et al. 2022), with 
a strong social, touristic and economic appeal (Fig.  1c). In fact, introduced populations 
have supported fishing activities and tourism in different regions of Brazil, particularly in 
hydroelectric reservoirs. In this scenario, the sport fishing segment has pushed authorities 
to protect non-native stocks, with the allegation that they support local economies. This 
strong lobby has resulted in the proposition of B&L that determined a series of actions to 
protect these invasive fishes (Magalhães et al. 2018; Franco et al. 2022a).

Between 2017 and 2022, we recorded 16 B&L proposed at the municipal and state lev-
els (Online Resource 2) with the objective of protecting and maintaining stocks of invasive 
peacock basses. Some bills remain under analysis while a few have been discarded; the 
majority, however, has been sanctioned as law (62.5%; Online Resource 2). These B&L 
cover 12 municipalities from four states in the southern, southeastern, and northeastern 
regions of Brazil (Fig. 2b); most of them (N = 9) were proposed in the State of São Paulo. 
Although each B&L was proposed independently, they are mere textual copies and pro-
pose identical legislation. In essence, they determine fishing restrictions to protect stocks 
of Cichla spp. from overfishing and other impacts, in order to favor population recruit-
ment, growth, colonization and spread. Specifically, they establish restrictions on fishing, 
capture, transport, trade, and processing, including quotas, compulsory catch and release, 
length limits, use of gears, and temporal interdictions (Fig. 3). They determine the natu-
ralization of peacock basses, by assigning the status of native species, or natural, cultural 
and touristic heritage. Target species included Cichla piquiti Kullander & Ferreira 2006, 
Cichla kelberi Kullander & Ferreira 2006, and Cichla monoculus Spix & Agassiz, 1831, 
but many B&L only mentioned common names (e.g., tucunaré, blue peacock bass, yel-
low peacock bass) or the genus (Cichla). The geographic extent and scope of these B&L 
were variable, ranging from certain ecosystems (e.g., dams and rivers) to all water bodies 
within a geopolitical unity (i.e., municipalities and states). Together, these B&L establish 
the protection of invasive peacock basses in different watersheds and ecoregions of South 
America (Fig. 2c), including large river systems (i.e., Paraíba do Sul, Ribeira de Iguape), 
some of which shared among different countries (i.e., La Plata Basin), in addition to sev-
eral Atlantic coastal drainages.
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Fig. 2   Natural distribution of species of Cichla in South America (green area), occurrence records of non-
native populations in Brazil, and the distribution of bills and laws that protect non-native populations. a 
density occurrence of non-native species of Cichla; b the distribution of bills and laws across Brazilian 
states; c the distribution of bills and laws across ecoregions. Methods, procedures and data source are pro-
vided in Online Resource 3
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Emerging concerns and conflicts

Legislation protecting invasive NNS contributes directly with the persistence and spread 
of harmful organisms, threatening biodiversity, ecosystem functioning, and weakening 
environmental policies. In the case of peacock basses, the protection of these powerful 
predators must intensify predatory effects on biodiversity, with negative consequences on 
aquatic ecosystems and natural resources (Fig. 4a)—as demonstrated by a vast catalog of 
scientific studies (i.e., Franco et al. 2022d). The diversity of freshwater fishes, particularly 
those small-sized, have been highly impacted by these predators (e.g., Pelicice and Ago-
stinho 2009; Franco et al. 2022c), with important cascading consequences (e.g., Zaret and 
Paine 1973; Leal et al. 2021; Souza et al. 2021). Therefore, the protection of Cichla spp. 
and its spread must result in community disassembly, biotic homogenization, and defauna-
tion. Another important aspect is that B&L conflict with genuine management and conser-
vation policies (i.e., protected areas, habitat restoration, fishery regulations, control of inva-
sive species), as impacts caused by Cichla species may overcome positive results emerging 
from these actions.

Fig. 3   Actions established by bills and laws to manage and protect non-native peacock basses (genus 
Cichla) in Brazil, and their expected effects (positive or negative) on demography, spread, and social 
aspects. More information on the bills and laws can be found in Online Resource 1. NNS non-native species
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The protection of non-native stocks can trigger new invasion events by favoring survival, 
reproduction, recruitment, population growth, and spread (Fig.  3), increasing propagule 
and colonization pressure towards non-invaded areas (Lockwood et  al. 2005). Peacock 
basses are non-migratory fish with low vagility, but able to perform small-scale movements 
(Hoeinghaus et al. 2003), which allow its diffusion towards tributary rivers, downstream 
stretches, protected areas, and contiguous impoundments (Ortega 2015; Santos et al. 2016; 
Catelani et al. 2021b). It should be noted that many B&L focused on reservoirs, a modified 
environment that favors the colonization and dispersion of Cichla species (Espínola et al. 
2010; Franco et al. 2018, 2022b). Moreover, most initiatives were proposed for the upper 
Paraná River basin, a region highly fragmented by hydroelectric dams, which must favor 
the downstream dispersion towards other drainages and countries (i.e., Paraguay, Argentina 
and Uruguay). In this context, the presence of cascades of dams must act as stepping stones 
for fish dispersion (Havel et al. 2005; Johnson et al. 2008), increasing propagule and colo-
nization pressure. In addition, B&L at the state level ensure the protection of all introduced 
populations within a particular state, regardless of the drainage, environment, and the stage 
of invasion, creating a pervasive cycle of dispersal, new introductions, and protection. It 
must be noted that illegal stocking has been the main driver behind the introduction of 
Cichla spp. around the world (Franco et al. 2022a, b, c, d), an ongoing process in Brazil; 
it means that every new introduced population, although illegal, will become protected by 

Fig. 4   Different approaches to manage non-native peacock basses: a fishery regulations that limit capture 
to preserve stocks (e.g., compulsory catch and release, quotas); b no action towards protection, control, or 
eradication; c management actions to control and eradicate populations. The direction of the arrows indi-
cates propagule release (inward) or propagule removal (outward), while colors indicate the net effect on 
propagule pressure (red = strong; orange = moderate; green = low). The scenario is merely illustrative, but 
it demonstrates positive feedbacks in population dynamics emerging from different management actions, 
which produce different effects on biodiversity, ecosystem functions, and fisheries (e.g., modulating yield 
and fish size)
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legislation. In this context, B&L must encourage fish stocking across the country (Fig. 3), 
especially in areas where peacock basses are protected.

Legislations that protect invasive NNS raise conflicts among stakeholders and contrib-
ute to increasing inequality in the use of natural resources (Fig. 3), as they favor specific 
groups (Sepúlveda et al. 2013; Crowley et al. 2017). This situation can be observed in the 
case of peacock basses, as B&L favor exclusively sport fishing based on catch and release, 
which involves a very specialized public (e.g., anglers, equipment industry, hotels, tourism 
chain, TV shows, and tournaments). In doing so, these B&L ignore other stakeholders that 
also depend on fisheries and water resources, such as subsistence, artisanal, commercial, 
and other recreational (e.g., underwater fishing) fishers, all of which are impeded to catch 
peacock basses. They also ignore basic aspects of the fishing activity, such as gear selectiv-
ity and mortality (e.g., hooks and gill nets), which inevitably result in Cichla spp. bycatch, 
fines and penalties. Indirect effects are also predicted, through the loss of local knowledge 
(e.g., fishing methods), native biodiversity and other fishing stocks (e.g., small to medium-
sized fish used as food, bait or ornamentation, or the loss of prey that support large preda-
tors). The erosion of biodiversity also translates into ecosystem level effects that impact 
inland fisheries, such as the loss of insurance and portfolio effects, fishery options, disease 
control, cultural aspects, among others (Catelani et  al. 2021a; Leal et  al. 2021; Pelicice 
et  al. 2022a). Therefore, although applauded by sport fishers (Fig.  5), bills that protect 
invasive species of Cichla have the potential to make fishing unfeasible in the long term; 
in fact, the emergence of dissatisfaction and conflicts among subsistence, artisanal, com-
mercial and recreational fishers have been reported elsewhere (Franco et al. 2022a). These 
policies, therefore, have little potential to promote social and economic development on a 
broader scale, as benefits are concentrated among a few elite groups, while environmental 
costs and economic losses are shared by all—a tragedy of the commons (Hardin 1968).

Another concern relates to the positive outcome of the actions, especially if they can 
generate persistent long-term benefits (Vitule and Pelicice 2023). In the case investigated 
here, there was no consideration about the sustainability of stocks and fishing catches in 
the long-term. Although peacock basses are efficient invaders and can successfully colo-
nize different environments, they are top predators (Jepsen et al. 1997; Marto et al. 2015), 
therefore, unable to maintain large population sizes. This situation is exacerbated when 
stocks are subjected to regular fishing effort or when prey availability is limited, a common 
situation in ecosystems invaded by Cichla species (Santos et al. 2019b; Leal et al. 2021). 
The lack of prey and other stressful conditions (e.g., environmental degradation) can limit 
stock size, induce temporal oscillations, and reduce the size of individuals—as observed 
elsewhere in cases of dwarfism or stunting (e.g., Baxter-Gilbert et  al. 2020; Amarasin-
ghe and Pauly 2021). In fact, the consumption of secondary food resources (e.g., insects, 
shrimp, and cannibalism) has been regularly reported for non-native populations of Cichla 
spp. (e.g., Santos et al. 2001; Teixeira and Bennemann 2007; Villares Junior and Gomiero 
2010; Mendonça et al. 2018)—a behavior not characterized in native populations (Novaes 
et al. 2004; Jepsen et al. 1997; Marto et al. 2015). Although the fishery of invasive peacock 
basses has not been monitored, the yield in reservoirs is highly variable, and most fish are 
small-sized—a pattern well known to fishers from the upper Paraná River basin. These fac-
tors limit the development of recreational fisheries (Fig. 4a), since the activity is attractive 
when the environment supports large stocks and large specimens, as observed in regions 
where peacock basses are native (e.g., Rio Negro, Amazon Basin; Lubich et al. 2021).

The protection of non-native organisms also conflicts with legislation, jurisprudence 
and modern political trends that value the environment, native biodiversity, ecosystems, 
and sustainability. These B&L protecting non-native species of Cichla, for example, 
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Fig. 5   Examples of advertise-
ments about legislation that 
protect Cichla spp. (non-native), 
which have been widely dissemi-
nated on the internet and social 
media. a fishing regulations in 
the Paraibuna Reservoir, Paraíba 
do Sul River Basin, with empha-
sis on catch and release (source: 
https://​www.​turma​dobig​ua.​com.​
br/, accessed November 2, 2022); 
b fishing regulations in reservoirs 
of Nazaré Paulista, São Paulo, 
with a call for the development 
of sustainable fisheries (source: 
https://​atlan​ticus​fishi​ng.​com.​br/, 
accessed November 2, 2022); c 
the preservation of Cichla spp. 
in São Paulo State, advertising 
prohibitions and the need to 
preserve this fish (source: https://​
www.​faceb​ook.​com/​pesca​espor​
tivab​rasil/, accessed November 
2, 2022)

https://www.turmadobigua.com.br/
https://www.turmadobigua.com.br/
https://atlanticusfishing.com.br/
https://www.facebook.com/pescaesportivabrasil/
https://www.facebook.com/pescaesportivabrasil/
https://www.facebook.com/pescaesportivabrasil/
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conflict with Brazilian legislation and international agreements. Federal Law 9605/1998 
precludes the introduction of exotic species in the country, while the Federal Constitution 
(Article 225) ensures the right to an ecologically balanced environment. They are also in 
disagreement with several federal instruments focused on the control, prevention and pro-
hibition of non-native organisms (ca. 85 instruments, in the form of decrees, laws, regula-
tions, among others; Faria et al. 2022). In Brazil, federal laws are hierarchically above state 
and municipal laws, which make these B&L unconstitutional. Moreover, these B&L favor 
illegal actions such as clandestine fish stocking, because populations introduced illegally 
become paradoxically protected by law. They also conflict with international treaties of 
which Brazil is signatory, such as the Convention on Biological Diversity, the Aichi Tar-
gets, and the Escazu Agreement. The Aichi Targets and the Post-2020 treaty, for example, 
stated important goals related to the control and eradication of NNS (Lima-Junior et  al. 
2018; Azevedo-Santos et al. 2021). The recent political scenario in Brazil must be taken 
into account, as these B&L add to other setbacks in environmental policies (e.g., Fearnside 
2016; Azevedo-Santos et al. 2017; Dobrovolski et al. 2018; Metzger et al. 2019), intensi-
fied during the mandate of President Jair Bolsonaro (e.g., Ferrante and Fearnside 2019; 
Pelicice and Castello 2021). It indicates that some contexts are highly vulnerable to poli-
cies and suggestions that encourage the use and protection of NNS, pointing to the exist-
ence of political and social settings (commonly found in tropical developing countries) 
where these initiatives find fertile ground.

Finally, the lack of scientific knowledge supporting these B&L is a serious concern, 
as mismanagement and wrong actions impact native biodiversity (Pelicice and Agostinho 
2008; McLaughlin et  al. 2013). The main justification in favor of these B&L lies in the 
potential economic benefits emerging from recreational fishing and tourism. However, no 
initiative presented data, results, risk analysis, or assessments that balanced costs and ben-
efits for different stakeholders. Moreover, these B&L were not based on stock assessments 
and planning, indicating that actions are isolated and not part of a fishery management pro-
gram. The lack of technical basis is notorious, if we consider that B&L are based on naïve 
and incoherent claims, e.g., peacock basses do not cause impacts to the environment, they 
belong to the native fauna of the region, their protection will bring economic development, 
their presence contributes with the maintenance of ecological integrity and environmental 
quality. The scientific literature on the impacts caused by peacock basses was not consulted 
(i.e., Franco et  al. 2022d), as well as basic information and concepts on biogeography, 
invasion biology, fish ecology, population dynamics, fishery management, multiple uses 
of natural resources, and sustainability. The chance of failure, unpredictable results and 
unintended consequences is, therefore, high. Moreover, the lack of technical advice poses 
serious limitations on approaches that recommend concern only with invasive NNS (e.g., 
Schlaepfer et al. 2011), considering that many non-invasive NNS apparently do not impact 
the environment and society. The peacock bass case is clear about the inability of stake-
holders in discriminating between native and non-native species, which precludes further 
considerations about the invasive species concept.

Conclusions

Political, social and scientific initiatives that value and protect invasive NNS are emblem-
atic examples of misguided conservation strategies, as they favor the spread of invasive 
organisms with high potential to cause environmental degradation and social conflict—as 
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typified in the B&L investigated here. These actions contribute to erode native biodiver-
sity, damage ecosystems, affect the conservation status of threatened species, and induce 
cultural changes in the appreciation and use of natural capital, in addition to complicating 
or compromising effective environmental policies and conservation plans. This scenario is 
especially concerning for tropical regions (Lövei and Lewinsohn 2012; Vitule and Pelicice 
2023), where invasive organisms may affect hundreds to thousands of species in a single 
ecosystem—the Neotropical region alone is home to more than 6200 freshwater fishes 
(Albert et al. 2020). Due to the growing environmental, social and economic risks associ-
ated with NNS and biological invasions, public policies and technical positions should pri-
oritize the prevention, management, control and eradication of invasive organisms (John-
son et al. 2009; Simberloff & Vitule 2014; Robertson et al. 2020). In the case of peacock 
basses, fishing (Fig. 4b, c) could help controlling population size and its effects on native 
biodiversity (Sepúlveda et al. 2013; Santos et al. 2019b).

The peacock bass case is instructive to unveil the risks of positions that emphasize posi-
tive contributions of non-native species (Vitule and Pelicice 2023), especially when experts 
in invasion biology are involved (e.g., Gozlan 2008; Davis et al. 2011; Schlaeapfer et al. 
2011, 2012; Sax et al. 2022). Society is naturally biased towards the benefits delivered by 
some non-native organisms (e.g., Jhonson et  al. 2009; Vitule et  al. 2009; Pelicice et  al. 
2014), so positive views promptly encourage inadequate policies and opportunism. This 
is particularly true for tropical countries, like Brazil, where economic constraints, poor 
access to information, and bad political behavior are the norm (Ferrante and Fearnside 
2019; Pelicice 2019). Emphasis on potential benefits may also confound public opinion 
and encourage the use of NNS (Fig. 5), sometimes with persistent cultural consequences 
(Pfeiffer and Voeks 2008; Speziale et al. 2012; Melo et al. 2021). Many Brazilian initia-
tives have sought to protect and use non-native fishes (Online Resource 1), including inva-
sive tilapias and panga (Pelicice et al. 2014; Padial et al. 2017; Garcia et al. 2018). Yet, it 
is understandable that some NNS acquire social and economic relevance, inspiring popu-
lar support and care; however, because biological invasions are a complex phenomenon 
and may cause different negative effects at multiple spatiotemporal scales, a precaution-
ary approach is needed (Vitule et  al. 2012; Vitule and Pelicice 2023). Science has been 
clear about the risks posed by invasive organisms and the role played by humans in this 
process (e.g., Ricciardi 2007; Blanchet et  al. 2009; Seebens et  al. 2017). Moreover, we 
cannot overlook the fact that the current catalogue of concepts and management policies 
related to NNS emerged in particular contexts, i.e., Western, temperate and economically 
rich regions of the globe, so this potential bias may affect the way in which humans per-
ceive and interact with NNS. All recent reviews and synthesis about invasion science have 
indicated a demand for more studies in tropical and hyperdiverse regions (e.g., Lövei and 
Lewinsohn 2012; Frehse et al. 2016), so the current knowledge about NNS may not pro-
vide a general pattern applicable to developing hyperdiverse regions (Blanchet et al. 2009). 
Potential differences in data quality and availability may preclude comparative analyses 
between developing and developed nations, hindering global strategies to combat inva-
sions. This understanding should stand before every claim or analysis that explore potential 
benefits of NNS.

Public policies and society are vulnerable to suggestions that offer easy roads to suc-
cess, which emphasize the need for continuous technical support to evaluate environmen-
tal, social and economic risks associated with every initiative and legislation. Society (e.g., 
legislators, researchers, fishers, public) must have access to the best knowledge available, 
so negative and positive outcomes can be balanced among stakeholders. This is particularly 
true for initiatives that involve the use of NNS and the management of natural resources 
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(e.g., fisheries resources, biodiversity, freshwater), whose loss and degradation impact soci-
ety as a whole. Potential solutions to address these conflicts require continuous technical 
assistance and innovative approaches. Tangible results can emerge from this perspective, as 
observed with the recent initiative to revoke Law 1626, declared harmful after some tech-
nical analyses and collaborative support between authorities and scientists (https://​mppr.​
mp.​br/​Notic​ia/​Munic​ipio-​de-​Missal-​acata-​recom​endac​ao-​do-​MPPR-e-​envia-​proje​to-​de-​
lei-​Camara-​local-​para)—which had the engagement of some authors of this paper. Some 
promising avenues include increased collaboration and cooperation among stakeholders 
and scientists, the valuation of indigenous and traditional groups, participatory monitoring 
and research, and more education and research about NNS (Azevedo-Santos et al. 2015; 
Maasri et al. 2022). In view of the current situation, where positive views about NNS may 
continue to inspire policies and social movements that promote the use and protection of 
invasive organisms, especially in megadiverse countries that struggle against several social 
issues, we recommend caution and a more sober view about the use and value of NNS.

Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s10531-​023-​02666-z.

Acknowledgements  The authors thank Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), and Fundação de Amp-
aro à Pesquisa do Estado do Rio de Janeiro (FAPERJ) for providing grants, research funds, and scholarships. 
Ana Ruth Souza contributed with drawing Figure 4. This paper is part of a work force coordinated by this 
research team who has implemented actions to combat misguided initiatives and legislation that protect 
invasive organisms in Brazil. Main actions include the production of technical reports, audiences, notes, and 
debates directed to the general public, authorities, and scientists.

Author contributions  FMP and JRSV conceived the idea of the article, which was then debated with all 
authors. All authors contributed with data collection (bills and laws) and literature search. ECG conducted 
data analyses (Fig. 2). The first draft of the manuscript was written by FMP, and all authors commented on 
previous versions and developed the document. All authors read and approved the final manuscript.

Funding  This work received no specific funding.

Data availability  The datasets analyzed during the current study are available from the corresponding author 
on reasonable request.

Declarations 

Conflict of interest  There is no conflict of interest to declare.

References

Adelino JRP, Heringer G, Diagne C et al (2021) The economic costs of biological invasions in Brazil: a first 
assessment. NeoBiota 67:349–374. https://​doi.​org/​10.​3897/​neobi​ota.​67.​59185

Albert JS, Tagliacollo VA, Dagosta F (2020) Diversification of Neotropical freshwater fishes. Annu Rev 
Ecol Evol Syst 51:27–53. https://​doi.​org/​10.​1146/​annur​ev-​ecols​ys-​011620-​031032

Amarasinghe US, Pauly D (2021) The relationship between size at maturity and maximum size in cichlid 
populations corroborates the gill-oxygen limitation theory (Golt). Asian Fish Sci 34:14–22. https://​
doi.​org/​10.​33997/j.​afs.​2021.​34.1.​002

Andrade GDS, Pelicice FM (2022) Coexistence of endemic peacock basses (Cichla) in a Neotropi-
cal reservoir (Cichlidae: Cichliformes). Neotrop Ichthyol 20:e220039. https://​doi.​org/​10.​1590/​
1982-​0224-​2022-​0039

https://mppr.mp.br/Noticia/Municipio-de-Missal-acata-recomendacao-do-MPPR-e-envia-projeto-de-lei-Camara-local-para
https://mppr.mp.br/Noticia/Municipio-de-Missal-acata-recomendacao-do-MPPR-e-envia-projeto-de-lei-Camara-local-para
https://mppr.mp.br/Noticia/Municipio-de-Missal-acata-recomendacao-do-MPPR-e-envia-projeto-de-lei-Camara-local-para
https://doi.org/10.1007/s10531-023-02666-z
https://doi.org/10.1007/s10531-023-02666-z
https://doi.org/10.3897/neobiota.67.59185
https://doi.org/10.1146/annurev-ecolsys-011620-031032
https://doi.org/10.33997/j.afs.2021.34.1.002
https://doi.org/10.33997/j.afs.2021.34.1.002
https://doi.org/10.1590/1982-0224-2022-0039
https://doi.org/10.1590/1982-0224-2022-0039


Biodiversity and Conservation	

1 3

Azevedo-Santos VM, Pelicice FM, Lima-Junior DP et al (2015) How to avoid fish introductions in Brazil: 
Education and information as alternatives. Nat e Conserv 13:123–132. https://​doi.​org/​10.​1016/j.​ncon.​
2015.​06.​002

Azevedo-Santos VM, Fearnside PM, Oliveira CS et  al (2017) Removing the abyss between conservation 
science and policy decisions in Brazil. Biodivers Conserv 26:1745–1752. https://​doi.​org/​10.​1007/​
s10531-​017-​1316-x

Azevedo-Santos VM, Rodrigues-Filho JL, Fearnside PM et al (2021) Conservation of Brazilian freshwater 
biodiversity: thinking about the next 10 years and beyond. Biodivers Conserv 30:235–241. https://​doi.​
org/​10.​1007/​s10531-​020-​02076-5

Baxter-Gilbert J, Riley JL, Wagener C et  al (2020) Shrinking before our isles: The rapid expression of 
insular dwarfism in two invasive populations of guttural toad (Sclerophrys gutturalis). Biol Lett 
16:20200651. https://​doi.​org/​10.​1098/​rsbl.​2020.​0651

Bezerra LAV, Ribeiro VM, Freitas MO et  al (2019) Benthification, biotic homogenization behind the 
trophic downgrading in altered ecosystems. Ecosphere 10:e02757. https://​doi.​org/​10.​1002/​ecs2.​2757

Blanchet S, Leprieur F, Beauchard O et al (2009) Broad-scale determinants of non-native fish species rich-
ness are context-dependent. Proc R Soc B Biol Sci 276:2385–2394. https://​doi.​org/​10.​1098/​rspb.​
2009.​0156

Brandon K (2014) Ecosystem services from tropical forests: review of current science CGD Working Paper 
380. Center for Global Development, Washington

Britton JR, Orsi ML (2012) Non-native fish in aquaculture and sport fishing in Brazil: economic benefits 
versus risks to fish diversity in the upper River Paraná Basin. Rev Fish Biol Fish 22:555–565. https://​
doi.​org/​10.​1007/​s11160-​012-​9254-x

Bueno ML, Magalhães ALB, Andrade Neto FR et al (2021) Alien fish fauna of southeastern Brazil: species 
status, introduction pathways, distribution and impacts. Biol Invasions 23:3021–3034. https://​doi.​org/​
10.​1007/​s10530-​021-​02564-x

Carvalho TL, de Almeida FE, Pelicice FM, Fernandes R (2021) Comparative functional responses pre-
dict the predatory impact of the highly invasive fish Cichla kelberi. Hydrobiologia 848:2203–2211. 
https://​doi.​org/​10.​1007/​s10750-​020-​04440-6

Casal CMV (2006) Global documentation of fish introductions: the growing crisis and recommendations for 
action. Biol Invasions 8:3–11. https://​doi.​org/​10.​1007/​s10530-​005-​0231-3

Catelani PA, Petry AC, Pelicice FM, Silvano RAM (2021a) Fishers’ knowledge on the ecology, impacts and 
benefits of the non-native peacock bass Cichla kelberi in a coastal river in southeastern Brazil. Ethno-
bio Conserv 10:04. https://​doi.​org/​10.​15451/​ec2020-​09-​10.​04-1-​16

Catelani PA, Petry AC, Pelicice FM, García-Berthou E (2021b) When a freshwater invader meets the estu-
ary: the peacock bass and fish assemblages in the São João River, Brazil. Biol Invasions 23:167–179. 
https://​doi.​org/​10.​1007/​s10530-​020-​02363-w

Catford JA, Wilson JRU, Pyšek P et al (2022) Addressing context dependence in ecology. Trends Ecol Evol 
37:158–170. https://​doi.​org/​10.​1016/j.​tree.​2021.​09.​007

Clavero M, García-Berthou E (2005) Invasive species are a leading cause of animal extinctions. Trends Ecol 
Evol 20:110. https://​doi.​org/​10.​1016/j.​tree.​2005.​01.​003

Crowley SL, Hinchliffe S, McDonald RA (2017) Conflict in invasive species management. Front Ecol Envi-
ron 15:133–141. https://​doi.​org/​10.​1002/​fee.​1471

D’avilla T, Costa-Neto EM, Brito MFG (2021) Impacts on fisheries assessed by local ecological knowl-
edge in a reservoir cascade in the lower São Francisco River, northeastern Brazil. Neotrop Ichthyol 
19:e200156. https://​doi.​org/​10.​1590/​1982-​0224-​2020-​0156

da Doria CR C, Agudelo E, Akama A et al (2021) The silent threat of non-native fish in the Amazon: ANNF 
database and review. Front Ecol Evol 9:646702. https://​doi.​org/​10.​3389/​fevo.​2021.​646702

Daga VS, Debona T, Abilhoa V et  al (2016) Non-native fish invasions of a Neotropical ecoregion with 
high endemism: a review of the Iguaçu River. Aquat Invasions 11:209–223. https://​doi.​org/​10.​3391/​
ai.​2016.​11.2.​10

Davis MA, Chew MK, Hobbs RJ et al (2011) Don’t judge species on their origins. Nature 474:153–154
de Frehse F A, Braga RR, Nocera GA, Vitule JRS (2016) Non-native species and invasion biology in a 

megadiverse country: scientometric analysis and ecological interactions in Brazil. Biol Invasions 
18:3713–3725. https://​doi.​org/​10.​1007/​s10530-​016-​1260-9

de Marto VC O, Akama A, Pelicice FM (2015) Feeding and reproductive ecology of Cichla piquiti Kul-
lander & Ferreira, 2006 within its native range, Lajeado reservoir, rio Tocantins basin. Neotrop Ich-
thyol 13:625–636. https://​doi.​org/​10.​1590/​1982-​0224-​20140​165

de Souza CP, de Rodrigues-Filho CA S, Barbosa FAR, Leitão RP (2021) Drastic reduction of the functional 
diversity of native ichthyofauna in a Neotropical lake following invasion by piscivorous fishes. Neo-
trop Ichthyol 19:e210033. https://​doi.​org/​10.​1590/​1982-​0224-​2021-​0033

https://doi.org/10.1016/j.ncon.2015.06.002
https://doi.org/10.1016/j.ncon.2015.06.002
https://doi.org/10.1007/s10531-017-1316-x
https://doi.org/10.1007/s10531-017-1316-x
https://doi.org/10.1007/s10531-020-02076-5
https://doi.org/10.1007/s10531-020-02076-5
https://doi.org/10.1098/rsbl.2020.0651
https://doi.org/10.1002/ecs2.2757
https://doi.org/10.1098/rspb.2009.0156
https://doi.org/10.1098/rspb.2009.0156
https://doi.org/10.1007/s11160-012-9254-x
https://doi.org/10.1007/s11160-012-9254-x
https://doi.org/10.1007/s10530-021-02564-x
https://doi.org/10.1007/s10530-021-02564-x
https://doi.org/10.1007/s10750-020-04440-6
https://doi.org/10.1007/s10530-005-0231-3
https://doi.org/10.15451/ec2020-09-10.04-1-16
https://doi.org/10.1007/s10530-020-02363-w
https://doi.org/10.1016/j.tree.2021.09.007
https://doi.org/10.1016/j.tree.2005.01.003
https://doi.org/10.1002/fee.1471
https://doi.org/10.1590/1982-0224-2020-0156
https://doi.org/10.3389/fevo.2021.646702
https://doi.org/10.3391/ai.2016.11.2.10
https://doi.org/10.3391/ai.2016.11.2.10
https://doi.org/10.1007/s10530-016-1260-9
https://doi.org/10.1590/1982-0224-20140165
https://doi.org/10.1590/1982-0224-2021-0033


	 Biodiversity and Conservation

1 3

Dobrovolski R, Loyola R, Rattis L et al (2018) Science and democracy must orientate Brazil’s path to sus-
tainability. Perspect Ecol Conserv 16:121–124. https://​doi.​org/​10.​1016/j.​pecon.​2018.​06.​005

dos Pompeu P S, Alves CBM (2003) Local fish extinction in a small tropical lake in Brazil. Neotrop Ich-
thyol 1:133–135. https://​doi.​org/​10.​1590/​s1679-​62252​00300​02000​08

dos Pompeu P, S, Godinho AL, (2001) Mudança na dieta da traíra Hoplias malabaricus (Bloch) (Erythrini-
dae, Characiformes) em lagoas da bacia do rio Doce devido à introdução de peixes piscívoros. Rev 
Bras Zool 18:1219–1225. https://​doi.​org/​10.​1590/​s0101-​81752​00100​04000​16

dos Catâneo DTB S, Ximenes AM, Garcia-Davila CR et al (2022) Elucidating a history of invasion: popula-
tion genetics of pirarucu (Arapaima gigas, Actinopterygii, Arapaimidae) in the Madeira River. Hyd-
robiologia 849:3617–3632. https://​doi.​org/​10.​1007/​s10750-​022-​04977-8

dos Santos LN, Gonzalez AF, Araújo FG (2001) Dieta do tucunaré-amarelo Cichla monoculus (Bloch & 
Schneider) (Osteichthyes, Cichlidae), no Reservatório de Lajes, Rio de Janeiro, Brasil. Rev Bras Zool 
18:191–204. https://​doi.​org/​10.​1590/​s0101-​81752​00100​05000​15

Espínola LA, Minte-Vera CV, Júlio HF (2010) Invasibility of reservoirs in the Paraná Basin, Brazil, to 
Cichla kelberi Kullander and Ferreira, 2006. Biol Invasions 12:1873–1888. https://​doi.​org/​10.​1007/​
s10530-​009-​9598-x

Essl F, Dullinger S, Rabitsch W et al (2011) Socioeconomic legacy yields an invasion debt. Proc Natl Acad 
Sci U S A 108:203–207. https://​doi.​org/​10.​1073/​pnas.​10117​28108

Faria L, Carvalho BM, Carneiro L et al (2022) Invasive species policy in Brazil: a review and critical analy-
sis. Environ Conserv. https://​doi.​org/​10.​1017/​S0376​89292​20004​06

Fearnside PM (2016) Brazilian politics threaten environmental policies. Science 353:746–748. https://​doi.​
org/​10.​1126/​scien​ce.​aag02​54

Ferrante L, Fearnside PM (2019) Brazil’s new president and “ruralists” threaten Amazonia’s environment, 
traditional peoples and the global climate. Environ Conserv. https://​doi.​org/​10.​1017/​S0376​89291​
90002​13

Franco ACS, dos Santos LN, Petry AC, García-Berthou E (2018) Abundance of invasive peacock bass 
increases with water residence time of reservoirs in southeastern Brazil. Hydrobiologia 817:155–166. 
https://​doi.​org/​10.​1007/​s10750-​017-​3467-x

Franco ACS, García-Berthou E, Santos LN (2021) Ecological impacts of an invasive top predator fish across 
South America. Sci Total Environ 761:143296. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​143296

Franco ACS, Pelicice FM, Petry AC et al (2022a) Ameaças impostas pelo Projeto de Lei 614/2018, ao pro-
teger populações de peixes invasores (tucunarés Cichla spp.) no Estado de São Paulo. Nota Técnica, 
Sociedade Brasileira de Ictiologia, São Carlos

Franco ACS, Lorini ML, Minsky EMC et al (2022b) Far beyond the Amazon: global distribution, environ-
mental suitability, and invasive potential of the two most introduced peacock bass. Biol Invasions 
24:2851–2872. https://​doi.​org/​10.​1007/​s10530-​022-​02814-6

Franco ACS, Petry AC, García-Berthou E, dos Santos LN (2022c) Invasive peacock basses (Cichla spp.) 
and decreased abundance of small native fish in Brazilian reservoirs. Aquat Conserv Mar Freshw 
Ecosyst. https://​doi.​org/​10.​1002/​aqc.​3874

Franco ACS, Pelicice FM, Vitule JRS (2022d) Peacock bass impacts reference list figshare. Dataset. https://​
doi.​org/​10.​6084/​m9.​figsh​are.​21441​255.​v1

Fugi R, Luz-Agostinho KDG, Agostinho AA (2008) Trophic interaction between an introduced (pea-
cock bass) and a native (dogfish) piscivorous fish in a Neotropical impounded river. Hydrobiologia 
607:143–150. https://​doi.​org/​10.​1007/​s10750-​008-​9384-2

Garcia DAZ, Britton JR, Vidotto-Magnoni AP, Orsi ML (2018) Introductions of non-native fishes into a 
heavily modified river: rates, patterns and management issues in the Paranapanema River (Upper Par-
aná ecoregion, Brazil). Biol Invasions 20:1229–1241. https://​doi.​org/​10.​1007/​s10530-​017-​1623-x

Garcia DAZ, Occhi TVT, Agostinho AA et al (2022) More of the same: new policies continue fostering the 
use of non-native fish in Brazil. Environ Conserv 49:4–7. https://​doi.​org/​10.​1017/​S0376​89292​20000​
29

Geller IV, Garcia DAZ, Casimiro ACR et al (2020) Good intentions, but bad effects: environmental laws 
protects non-native ichthyofauna in Brazil. Fish Manag Ecol 28:14–17. https://​doi.​org/​10.​1111/​fme.​
12446

Gozlan RE (2008) Introduction of non-native freshwater fish: is it all bad? Fish Fish 9:106–115. https://​doi.​
org/​10.​1111/j.​1467-​2979.​2007.​00267.x

Groot R, Brander L, van der Ploeg S et al (2012) Global estimates of the value of ecosystems and their ser-
vices in monetary units. Ecosyst Serv 1:50–61. https://​doi.​org/​10.​1016/j.​ecoser.​2012.​07.​005

Hardin G (1968) The tragedy of the commons. Science 162:1243–1248
Havel JE, Lee CE, Vander Zanden MJ (2005) Do reservoirs facilitate invasions into landscapes? Bioscience 

55:518–525

https://doi.org/10.1016/j.pecon.2018.06.005
https://doi.org/10.1590/s1679-62252003000200008
https://doi.org/10.1590/s0101-81752001000400016
https://doi.org/10.1007/s10750-022-04977-8
https://doi.org/10.1590/s0101-81752001000500015
https://doi.org/10.1007/s10530-009-9598-x
https://doi.org/10.1007/s10530-009-9598-x
https://doi.org/10.1073/pnas.1011728108
https://doi.org/10.1017/S0376892922000406
https://doi.org/10.1126/science.aag0254
https://doi.org/10.1126/science.aag0254
https://doi.org/10.1017/S0376892919000213
https://doi.org/10.1017/S0376892919000213
https://doi.org/10.1007/s10750-017-3467-x
https://doi.org/10.1016/j.scitotenv.2020.143296
https://doi.org/10.1007/s10530-022-02814-6
https://doi.org/10.1002/aqc.3874
https://doi.org/10.6084/m9.figshare.21441255.v1
https://doi.org/10.6084/m9.figshare.21441255.v1
https://doi.org/10.1007/s10750-008-9384-2
https://doi.org/10.1007/s10530-017-1623-x
https://doi.org/10.1017/S0376892922000029
https://doi.org/10.1017/S0376892922000029
https://doi.org/10.1111/fme.12446
https://doi.org/10.1111/fme.12446
https://doi.org/10.1111/j.1467-2979.2007.00267.x
https://doi.org/10.1111/j.1467-2979.2007.00267.x
https://doi.org/10.1016/j.ecoser.2012.07.005


Biodiversity and Conservation	

1 3

Havel JE, Kovalenko KE, Thomaz SM et al (2015) Aquatic invasive species: challenges for the future. Hyd-
robiologia 750:147–170. https://​doi.​org/​10.​1007/​s10750-​014-​2166-0

Hillesheim G, da Ladislau D, S, Oliveira WG, et al (2022) Socioeconomic aspects of sport fisheries in a 
neotropical reservoir. Res Soc Dev 11:e35111932028. https://​doi.​org/​10.​33448/​rsd-​v11i9.​32028

Hoeinghaus DJ, Layman CA, Arrington DA, Winemiller KO (2003) Movement of Cichla species (Cichli-
dae) in a Venezuelan floodplain river. Neotrop Ichthyol 1:121–126

Jepsen DB, Winemiller KO, Taphorn DC (1997) Temporal patterns of resource partitioning among Cichla 
species in a Venezuelan blackwater river. J Fish Biol 51:1085–1108

Johnson PTJ, Olden JD, Vander Zanden MJ (2008) Dam invaders: Impoundments facilitate biological inva-
sions into freshwaters. Front Ecol Environ 6:357–363. https://​doi.​org/​10.​1890/​070156

Johnson BM, Arlinghaus R, Martinez PJ (2009) Are we doing all we can to stem the tide of illegal fish 
stocking? Fisheries 34:389–394. https://​doi.​org/​10.​1577/​1548-​8446-​34.8.​389

Kleinschroth F, Laporte N, Laurance WF et  al (2019) Road expansion and persistence in forests of the 
Congo Basin. Nat Sustain 2:628–634. https://​doi.​org/​10.​1038/​s41893-​019-​0310-6

Kullander SO, Ferreira EJG (2006) A review of the South American cichlid genus Cichla, with descriptions 
of nine new species (Teleostei: Cichlidae). Ichthyol Explor Freshwaters 17:289–398

Latini AO, Petrere M Jr (2004) Reduction of a native fish fauna by alien species: an example from Brazil-
ian freshwater tropical lakes. Fish Manag Ecol 11:71–79. https://​doi.​org/​10.​1046/j.​1365-​2400.​2003.​
00372.x

Lazzaroto H, Caramaschi EP (2009) Introdução da Truta no Brasil e na bacia do rio Macaé, Estado do Rio 
de Janeiro: Histórico. Legislação e Perspectivas Oecologia Brasiliensis 13(4):649–659. https://​doi.​
org/​10.​4257/​oeco.​2009.​1304.​08

Leal LB, Hoeinghaus DJ, Compson ZG et al (2021) Changes in ecosystem functions generated by fish popu-
lations after the introduction of a non-native predator (Cichla kelberi) (Perciformes: Cichlidae). Neo-
trop Ichthyol 19:e210041

Lima Junior DP, Magalhães ALB, Pelicice FM et al (2018) Aquaculture expansion in Brazilian freshwaters 
against the Aichi biodiversity targets. Ambio 47:427–440. https://​doi.​org/​10.​1007/​s13280-​017-​1001-z

Lockwood JL, Cassey P, Blackburn T (2005) The role of propagule pressure in explaining species invasions. 
Trends Ecol Evol 20:223–228. https://​doi.​org/​10.​1016/j.​tree.​2005.​02.​004

Loures RC, Pompeu PS (2019) Temporal changes in fish diversity in lotic and lentic environments along a 
reservoir cascade. Freshw Biol 64:1806–1820. https://​doi.​org/​10.​1111/​fwb.​13372

Lövei GL, Lewinsohn TM (2012) Megadiverse developing countries face huge risks from invasives. Trends 
Ecol Evol 27:2–3. https://​doi.​org/​10.​1016/j.​tree.​2011.​10.​009

Lubich C, Campos C, Freitas C, Siqueira-Souza F (2021) Effects of Fishing on the Population of Speckled 
Pavon Cichla temensis in the Middle Negro River (Amazonas State, Brazil): a decrease in the size of 
the trophy fish? Trans Am Fish Soc 150:667–668. https://​doi.​org/​10.​1002/​tafs.​10329

Maasri A, Jähnig SC, Adamescu MC et al (2022) A global agenda for advancing freshwater biodiversity 
research. Ecol Lett 25:255–263. https://​doi.​org/​10.​1111/​ele.​13931

Mack RN, Simberloff D, Lonsdale WM et al (2000) Biotic invasions: causes, epidemiology, global conse-
quences, and control. Ecol Appl 10:689–710

Magalhães ALB, Sato Y, Rizzo E et al (1996) Ciclo reprodutivo do tucunaré Cichla ocellaris (Schneider, 
1801) na represa de Três Marias, MG. Arq Bras Med Vet e Zootec 48:85–92

Magalhães ALB, Orsi ML, Pelicice FM et al (2017) Small size today, aquarium dumping tomorrow: sales of 
juvenile non-native large fish as an important threat in Brazil. Neotrop Ichthyol 15:e170033. https://​
doi.​org/​10.​1590/​1982-​0224-​20170​033

Magalhães ALB, Pelicice FM, Lima-junior DP (2018) Riscos ambientais e socioeconômicos do Projeto de 
Lei que visa a proteção de espécies invasoras (tucunaré azul e tucunaré amarelo) no Estado do Paraná. 
Londrina, PR. Nota Técnica, Sociedade Brasileira de Ictiologia, Londrina.

Marková J, Jerikho R, Wardiatno Y et al (2020) Conservation paradox of giant arapaima Arapaima gigas 
(Schinz, 1822) (Pisces: Arapaimidae): endangered in its native range in Brazil and invasive in Indone-
sia. Knowl Manag Aquat Ecosyst 421:47. https://​doi.​org/​10.​1051/​kmae/​20200​39

McLaughlin RL, Smyth ERB, Castro-Santos T et al (2013) Unintended consequences and trade-offs of fish 
passage. Fish Fish 14:580–604. https://​doi.​org/​10.​1111/​faf.​12003

Melo EPC, Simião-Ferreira J, de Melo HPC et  al (2021) Exotic species are perceived more than native 
ones in a megadiverse country as Brazil. An Acad Bras Cienc 93:1–14. https://​doi.​org/​10.​1590/​0001-​
37652​02120​191462

Mendonça HS, Santos ACA, Martins MM, Araújo FG (2018) Size-related and seasonal changes in the diet 
of the non-native Cichla kelberi Kullander & Ferreira, 2006 in a lowland reservoir in the southeastern 
Brazil. Biota Neotrop 18:e20170493. https://​doi.​org/​10.​1590/​1676-​0611-​BN-​2017-​0493

https://doi.org/10.1007/s10750-014-2166-0
https://doi.org/10.33448/rsd-v11i9.32028
https://doi.org/10.1890/070156
https://doi.org/10.1577/1548-8446-34.8.389
https://doi.org/10.1038/s41893-019-0310-6
https://doi.org/10.1046/j.1365-2400.2003.00372.x
https://doi.org/10.1046/j.1365-2400.2003.00372.x
https://doi.org/10.4257/oeco.2009.1304.08
https://doi.org/10.4257/oeco.2009.1304.08
https://doi.org/10.1007/s13280-017-1001-z
https://doi.org/10.1016/j.tree.2005.02.004
https://doi.org/10.1111/fwb.13372
https://doi.org/10.1016/j.tree.2011.10.009
https://doi.org/10.1002/tafs.10329
https://doi.org/10.1111/ele.13931
https://doi.org/10.1590/1982-0224-20170033
https://doi.org/10.1590/1982-0224-20170033
https://doi.org/10.1051/kmae/2020039
https://doi.org/10.1111/faf.12003
https://doi.org/10.1590/0001-3765202120191462
https://doi.org/10.1590/0001-3765202120191462
https://doi.org/10.1590/1676-0611-BN-2017-0493


	 Biodiversity and Conservation

1 3

Metzger JP, Bustamante MMC, Ferreira J et  al (2019) Why Brazil needs its Legal Reserves. Perspect 
Ecol Conserv 17:91–103. https://​doi.​org/​10.​1016/j.​pecon.​2019.​07.​002

Normando FT, Arantes FP, Luz RK et al (2009) Reproduction and fecundity of tucunaré, Cichla kelberi 
(Perciformes:Cichlidae), an exotic species in Três Marias reservoir, southeastern Brazil. J Appl 
Ichthyol 25:299–305. https://​doi.​org/​10.​1111/j.​1439-​0426.​2008.​01174.x

Novaes JLC, Caramaschi ÉP, Winemiller KO (2004) Feeding of Cichla monoculus Spix, 1829 (Tele-
ostei: Cichlidae) during and after reservoir formation in the Tocantins River, Central Brazil. Acta 
Limnol Bras 16:41–49

Novoa A, Richardson DM, Pyšek P et  al (2020) Invasion syndromes: a systematic approach for pre-
dicting biological invasions and facilitating effective management. Biol Invasions 22:1801–1820. 
https://​doi.​org/​10.​1007/​s10530-​020-​02220-w

Ortega JCG (2015) First record of peacock bass Cichla kelberi Kullander & Ferreira, 2006 in the Brazil-
ian Pantanal. BioInvasions Rec 4:133–138. https://​doi.​org/​10.​3391/​bir.​2015.4.​2.​10

Padial AA, Agostinho ÂA, Azevedo-Santos VM et al (2017) The “Tilapia Law” encouraging non-native 
fish threatens Amazonian River basins. Biodivers Conserv 26:243–246. https://​doi.​org/​10.​1007/​
s10531-​016-​1229-0

Padial AA, Vitule JRS, Olden JD (2020) Preface: aquatic homogenocene: understanding the era of bio-
logical re-shuffling in aquatic ecosystems. Hydrobiologia 847:3705–3709. https://​doi.​org/​10.​1007/​
s10750-​020-​04413-9

Paiva MP, Mesquita PEC (2013) Uma semente fecunda: Commissão Téchnica de Piscicultura do Nord-
este (1932–1945). Revista Do Instituto Do Ceará 127:9–40

Parker IM, Simberloff D, Lonsdale WM et al (1999) Impact: Toward a framework for understanding the 
ecological effects of invaders. Biol Invasions 1:3–19. https://​doi.​org/​10.​1023/A:​10100​34312​781

Pelicice FM (2019) Weak democracies, failed policies, and the demise of ecosystems in poor and devel-
oping nations. Trop Conserv Sci 12:1–9. https://​doi.​org/​10.​1177/​19400​82919​839902

Pelicice FM, Agostinho AA (2008) Fish-passage facilities as ecological traps in large neotropical rivers. 
Conserv Biol 22:180–188. https://​doi.​org/​10.​1111/j.​1523-​1739.​2007.​00849.x

Pelicice FM, Agostinho AA (2009) Fish fauna destruction after the introduction of a non-native predator 
(Cichla kelberi) in a Neotropical reservoir. Biol Invasions 11:1789–1801. https://​doi.​org/​10.​1007/​
s10530-​008-​9358-3

Pelicice FM, Castello L (2021) A political tsunami hits Amazon conservation. Aquat Conserv Mar 
Freshw Ecosyst 31:1221–1229. https://​doi.​org/​10.​1002/​aqc.​3565

Pelicice FM, Vitule JRS, Lima Junior DP et al (2014) A serious new threat to Brazilian freshwater eco-
systems: The naturalization of nonnative fish by decree. Conserv Lett 7:55–60. https://​doi.​org/​10.​
1111/​conl.​12029

Pelicice FM, Azevedo-Santos VM, Esguícero ALH et al (2018) Fish diversity in the cascade of reser-
voirs along the Paranapanema River, southeast Brazil. Neotrop Ichthyol 16:e170150. https://​doi.​
org/​10.​1590/​1982-​0224-​20170​150

Pelicice FM, Agostinho AA, Azevedo-Santos VM et al (2022a) Ecosystem services generated by Neo-
tropical freshwater fishes. Hydrobiologia. https://​doi.​org/​10.​1007/​s10750-​022-​04986-7

Pelicice FM, Elias L, Borges O (2022b) Polychromatism in native populations of peacock basses Cichla 
kelberi and Cichla piquiti (Cichlidae). Environ Biol Fishes 105:1129–1137. https://​doi.​org/​10.​
1007/​s10641-​022-​01313-w

Pfeiffer JM, Voeks RA (2008) Biological invasions and biocultural diversity: Linking ecological and cul-
tural systems. Environ Conserv 35:281–293. https://​doi.​org/​10.​1017/​S0376​89290​80051​46

Pimentel D, Lach L, Zuniga R, Morrison D (2000) Environmental and economic costs of nonindigenous 
species in the United States. Bioscience 50:53–65

Pinto-Coelho RM, Bezerra-Neto JF, Miranda F et  al (2008) The inverted trophic cascade in tropical 
plankton communities: impacts of exotic fish in the middle Rio Doce lake district, minas Gerais, 
Brazil. Braz J Biol 68:1025–1037. https://​doi.​org/​10.​1590/​S1519-​69842​00800​05000​10

Ribeiro VR, Silva PRL, Gubiani ÉA et al (2017) Imminent threat of the predator fish invasion Salminus 
brasiliensis in a Neotropical ecoregion: eco-vandalism masked as an environmental project. Per-
spect Ecol Conserv 15:132–135. https://​doi.​org/​10.​1016/j.​pecon.​2017.​03.​004

Ricciardi A (2007) Are modern biological invasions an unprecedented form of global change? Conserv 
Biol 21:329–336. https://​doi.​org/​10.​1111/j.​1523-​1739.​2006.​00615.x

Ricciardi A, MacIsaac HJ (2022) Vector control reduces the rate of species invasion in the world’s larg-
est freshwater ecosystem. Conserv Lett 15:1–12. https://​doi.​org/​10.​1111/​conl.​12866

Ricciardi A, Simberloff D (2009) Assisted colonization is not a viable conservation strategy. Trends Ecol 
Evol 24:248–253. https://​doi.​org/​10.​1016/j.​tree.​2008.​12.​006

https://doi.org/10.1016/j.pecon.2019.07.002
https://doi.org/10.1111/j.1439-0426.2008.01174.x
https://doi.org/10.1007/s10530-020-02220-w
https://doi.org/10.3391/bir.2015.4.2.10
https://doi.org/10.1007/s10531-016-1229-0
https://doi.org/10.1007/s10531-016-1229-0
https://doi.org/10.1007/s10750-020-04413-9
https://doi.org/10.1007/s10750-020-04413-9
https://doi.org/10.1023/A:1010034312781
https://doi.org/10.1177/1940082919839902
https://doi.org/10.1111/j.1523-1739.2007.00849.x
https://doi.org/10.1007/s10530-008-9358-3
https://doi.org/10.1007/s10530-008-9358-3
https://doi.org/10.1002/aqc.3565
https://doi.org/10.1111/conl.12029
https://doi.org/10.1111/conl.12029
https://doi.org/10.1590/1982-0224-20170150
https://doi.org/10.1590/1982-0224-20170150
https://doi.org/10.1007/s10750-022-04986-7
https://doi.org/10.1007/s10641-022-01313-w
https://doi.org/10.1007/s10641-022-01313-w
https://doi.org/10.1017/S0376892908005146
https://doi.org/10.1590/S1519-69842008000500010
https://doi.org/10.1016/j.pecon.2017.03.004
https://doi.org/10.1111/j.1523-1739.2006.00615.x
https://doi.org/10.1111/conl.12866
https://doi.org/10.1016/j.tree.2008.12.006


Biodiversity and Conservation	

1 3

Ricciardi A, Iacarella JC, Aldridge DC et  al (2021) Four priority areas to advance invasion science 
in the face of rapid environmental change. Environ Rev 29:119–141. https://​doi.​org/​10.​1139/​
er-​2020-​0088

Robertson PA, Mill A, Novoa A et  al (2020) A proposed unified framework to describe the man-
agement of biological invasions. Biol Invasions 22:2633–2645. https://​doi.​org/​10.​1007/​
s10530-​020-​02298-2

Rodrigues AF, Latawiec AE, Reid BJ et al (2021) Systematic review of soil ecosystem services in tropi-
cal regions. R Soc Open Sci 8:3. https://​doi.​org/​10.​1098/​rsos.​201584

Rosa DM, de Sene AM, Moreira MZ, Pompeu PS (2021) Non-native prey species supporting fish assem-
blage biomass in a Neotropical reservoir. Biol Invasions 23:2355–2370. https://​doi.​org/​10.​1007/​
s10530-​021-​02510-x

Sabaj MH, López-Fernández H, Willis SC et al (2020) Cichla cataractae (Cichliformes: Cichlidae), new 
species of peacock bass from the Essequibo Basin, Guyana and Venezuela. Proc Acad Nat Sci 
Philadelphia 167:69–86. https://​doi.​org/​10.​1635/​053.​167.​0106

Sabino J, Zuanon J (1998) A stream fish assemblage in Central Amazonia: distribution, activity patterns 
and feeding behaviour. Ichthyol Explor Freshw 8:201–210

Santos LN, Salgueiro F, Franco ACS et al (2016) First record of the invasive blue peacock cichlid Cichla 
piquiti Kullander & Ferreira 2006 (Cichliformes: Cichlidae) in the Paraíba do Sul river basin, 
South Eastern Brazil. BioInvasions Rec 5:267–275. https://​doi.​org/​10.​3391/​bir.​2016.5.​4.​12

Santos DA, de Paiva AI, Message HJ et  al (2019a) Societal perception, impacts and judgment val-
ues about invasive freshwater stingrays. Biol Invasions 21:3593–3606. https://​doi.​org/​10.​1007/​
s10530-​019-​02071-0

Santos LN, Agostinho AA, Santos AFGN, García-Berthou E (2019b) Reconciliation ecology in Neo-
tropical reservoirs: can fishing help to mitigate the impacts of invasive fishes on native popula-
tions? Hydrobiologia 826:183–193. https://​doi.​org/​10.​1007/​s10750-​018-​3728-3

Sastraprawira SM, Iqbal IH, Shahimi S et al (2020) A review on introduced Cichla spp and emerging 
concerns. Heliyon 6:e05370. https://​doi.​org/​10.​1016/j.​heliy​on.​2020.​e05370

Sax DF, Schlaepfer MA, Olden JD (2022) Valuing the contributions of non-native species to people and 
nature. Trends Ecol Evol 5050:1–9. https://​doi.​org/​10.​1016/j.​tree.​2022.​08.​005

Schlaepfer MA, Sax DF, Olden JD (2011) The potential conservation value of non-native species. Con-
serv Biol 25:428–437. https://​doi.​org/​10.​1111/j.​1523-​1739.​2010.​01646.x

Schlaepfer MA, Sax DF, Olden JD (2012) Toward a more balanced view of non-native species. Conserv 
Biol 26:1156–1158. https://​doi.​org/​10.​1111/j.​1523-​1739.​2012.​01948.x

Seebens H, Blackburn TM, Dyer EE et  al (2017) No saturation in the accumulation of alien species 
worldwide. Nat Commun 8:14435. https://​doi.​org/​10.​1038/​ncomm​s14435

Sepúlveda M, Arismendi I, Soto D et al (2013) Escaped farmed salmon and trout in Chile: incidence, 
impacts, and the need for an ecosystem view. Aquac Environ Interact 4:273–283. https://​doi.​org/​
10.​3354/​aei00​089

Sharpe DMT, De León LF, González R, Torchin ME (2017) Tropical fish community does not recover 
45 years after predator introduction. Ecology 98:412–424. https://​doi.​org/​10.​1002/​ecy.​1648

Simberloff D (2003) How much information on population biology is needed to manage introduced spe-
cies? Conserv Biol 17:83–92. https://​doi.​org/​10.​1046/j.​1523-​1739.​2003.​02028.x

Simberloff D, Vitule JRS (2014) A call for an end to calls for the end of invasion biology. Oikos 
123:408–413. https://​doi.​org/​10.​1111/j.​1600-​0706.​2013.​01228.x

Simberloff D, Martin JL, Genovesi P et al (2013) Impacts of biological invasions: what’s what and the 
way forward. Trends Ecol Evol 28:58–66. https://​doi.​org/​10.​1016/j.​tree.​2012.​07.​013

Souza JE, Fragoso-Moura EN, Fenerich-Verani N et  al (2008) Population structure and reproductive 
biology of Cichla kelberi (Perciformes, Cichlidae) in Lobo Reservoir, Brazil. Neotrop Ichthyol 
6:201–210. https://​doi.​org/​10.​1590/​s1679-​62252​00800​02000​07

Speziale KL, Lambertucci SA, Carrete M, Tella JL (2012) Dealing with non-native species: What 
makes the difference in South America? Biol Invasions 14:1609–1621. https://​doi.​org/​10.​1007/​
s10530-​011-​0162-0

Teixeira I, Bennemann ST (2007) Ecomorfologia refletindo a dieta dos peixes em um reservatório no sul 
do Brasil. Biota Neotrop 7:67–76. https://​doi.​org/​10.​1590/​s1676-​06032​00700​02000​07

Toussaint A, Charpin N, Beauchard O et al (2018) Non-native species led to marked shifts in functional 
diversity of the world freshwater fish faunas. Ecol Lett 21:1649–1659. https://​doi.​org/​10.​1111/​ele.​
13141

Van Damme PA, Méndez CC, Zapata M et al (2015) The expansion of Arapaima cf. gigas (Osteoglos-
siformes: Arapaimidae) in the Bolivian amazon as informed by citizen and formal science. Manag 
Biol Invasions 6:375–383. https://​doi.​org/​10.​3391/​mbi.​2015.6.​4.​06

https://doi.org/10.1139/er-2020-0088
https://doi.org/10.1139/er-2020-0088
https://doi.org/10.1007/s10530-020-02298-2
https://doi.org/10.1007/s10530-020-02298-2
https://doi.org/10.1098/rsos.201584
https://doi.org/10.1007/s10530-021-02510-x
https://doi.org/10.1007/s10530-021-02510-x
https://doi.org/10.1635/053.167.0106
https://doi.org/10.3391/bir.2016.5.4.12
https://doi.org/10.1007/s10530-019-02071-0
https://doi.org/10.1007/s10530-019-02071-0
https://doi.org/10.1007/s10750-018-3728-3
https://doi.org/10.1016/j.heliyon.2020.e05370
https://doi.org/10.1016/j.tree.2022.08.005
https://doi.org/10.1111/j.1523-1739.2010.01646.x
https://doi.org/10.1111/j.1523-1739.2012.01948.x
https://doi.org/10.1038/ncomms14435
https://doi.org/10.3354/aei00089
https://doi.org/10.3354/aei00089
https://doi.org/10.1002/ecy.1648
https://doi.org/10.1046/j.1523-1739.2003.02028.x
https://doi.org/10.1111/j.1600-0706.2013.01228.x
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1590/s1679-62252008000200007
https://doi.org/10.1007/s10530-011-0162-0
https://doi.org/10.1007/s10530-011-0162-0
https://doi.org/10.1590/s1676-06032007000200007
https://doi.org/10.1111/ele.13141
https://doi.org/10.1111/ele.13141
https://doi.org/10.3391/mbi.2015.6.4.06


	 Biodiversity and Conservation

1 3

Vieira ABC, Salvador-Jr LF, Melo RMC et al (2009) Reproductive biology of the peacock bass Cichla piq-
uiti (Perciformes: Cichlidae), an exotic species in a Neotropical reservoir. Neotrop Ichthyol 7:745–
750. https://​doi.​org/​10.​1590/​s1679-​62252​00900​04000​24

Villares Junior GA, Gomiero LM (2010) Feeding dynamics of Cichla kelberi Kullander & Ferreira, 2006 
introduced into an artificial lake in southeastern Brazil. Neotrop Ichthyol 8:819–824. https://​doi.​org/​
10.​1590/​s1679-​62252​01000​50000​08

Vitule JRS (2009) Introdução de peixes em ecossistemas continentais brasileiros: revisão, comentários e 
sugestões de ações contra o inimigo quase invisível. Neotrop Biol Conserv 4:111–122. https://​doi.​org/​
10.​4013/​nbc.​2009.​42.​07

Vitule JRS, Pelicice FM (2023) Care needed when evaluating the contributions of non-native species. 
Trends Ecol Evol. https://​doi.​org/​10.​1016/j.​tree.​2023.​01.​005

Vitule JRS, Freire CA, Simberloff D (2009) Introduction of non-native freshwater fish can certainly be bad. 
Fish Fish 10:98–108

Vitule JRS, Skóra F, Abilhoa V (2012) Homogenization of freshwater fish faunas after the elimination of 
a natural barrier by a dam in Neotropics. Divers Distrib 18:111–120. https://​doi.​org/​10.​1111/j.​1472-​
4642.​2011.​00821.x

Vitule JRS, Occhi TVT, Kang B et al (2019) Intra-country introductions unraveling global hotspots of alien 
fish species. Biodivers Conserv 28:3037–3043. https://​doi.​org/​10.​1007/​s10531-​019-​01815-7

Walsh JR, Carpenter SR, Vander Zanden MJ (2016) Invasive species triggers a massive loss of ecosystem 
services through a trophic cascade. Proc Natl Acad Sci 113:4081–4085. https://​doi.​org/​10.​1073/​pnas.​
16003​66113

Waters CN, Zalasiewicz J, Summerhayes C et al (2016) The Anthropocene is functionally and stratigraphi-
cally distinct from the Holocene. Science 351:aadd2622. https://​doi.​org/​10.​1126/​scien​ce.​aad26​22

Weyl OLF, Daga VS, Ellender BR, Vitule JRS (2016) A review of Clarias gariepinus invasions in Brazil 
and South Africa. J Fish Biol 89:386–402. https://​doi.​org/​10.​1111/​jfb.​12958

Willis SC, Macrander J, Farias IP, Ortí G (2012) Simultaneous delimitation of species and quantification 
of interspecific hybridization in Amazonian peacock cichlids (genus Cichla) using multi-locus data. 
BMC Evol Biol 12:96. https://​doi.​org/​10.​1186/​1471-​2148-​12-​96

Winemiller KO (1990) Caudal eyespots as deterrents against fin predation in the Neoptropical Cichlid 
Astronotus ocellatus. Copeia 1990:665–673. https://​doi.​org/​10.​2307/​14464​32

Winemiller KO, Nam S, Baird IG et  al (2016) Balancing hydropower and biodiversity in the Amazon, 
Congo, and Mekong. Science 351:128–129

Winemiller KO, Winemiller LCK, Montaña CG (2021) Peacock bass: diversity, ecology and conservation. 
Academic Press, London

Zaret TM, Paine RT (1973) Species introduction in a tropical lake. Science 182(4111):449–455. https://​doi.​
org/​10.​1126/​Scien​ce.​182.​4111.​449

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable 
law.

Authors and Affiliations

Fernando Mayer Pelicice1   · Angelo Antonio Agostinho2   · 
Carlos Bernardo Mascarenhas Alves3   · Marlene Sofia Arcifa4   · 
Valter M. Azevedo‑Santos5,6,7   · Marcelo Fulgêncio Guedes Brito8   · 
Pâmella Silva de Brito9 · Paula Maria Gênova de Castro Campanha10   · 
Fernando Rogério Carvalho11   · Gabriel Costa da Costa12 · 
Mario Alberto Cozzuol13   · Almir Manoel Cunico14   · 
Fernando Cesar Paiva Dagosta15   · Rosa Maria Dias16   · Rodrigo Fernandes17   · 
Ana Clara Sampaio Franco18   · Diego Azevedo Zoccal Garcia19   · 
Tommaso Giarrizzo6,20   · Éder André Gubiani21   · Erick Cristofore Guimarães22   · 

https://doi.org/10.1590/s1679-62252009000400024
https://doi.org/10.1590/s1679-62252010005000008
https://doi.org/10.1590/s1679-62252010005000008
https://doi.org/10.4013/nbc.2009.42.07
https://doi.org/10.4013/nbc.2009.42.07
https://doi.org/10.1016/j.tree.2023.01.005
https://doi.org/10.1111/j.1472-4642.2011.00821.x
https://doi.org/10.1111/j.1472-4642.2011.00821.x
https://doi.org/10.1007/s10531-019-01815-7
https://doi.org/10.1073/pnas.1600366113
https://doi.org/10.1073/pnas.1600366113
https://doi.org/10.1126/science.aad2622
https://doi.org/10.1111/jfb.12958
https://doi.org/10.1186/1471-2148-12-96
https://doi.org/10.2307/1446432
https://doi.org/10.1126/Science.182.4111.449
https://doi.org/10.1126/Science.182.4111.449
http://orcid.org/0000-0002-9700-1194
http://orcid.org/0000-0002-4707-9444
http://orcid.org/0000-0002-1731-6541
http://orcid.org/0000-0002-0010-9263
http://orcid.org/0000-0001-8986-6406
http://orcid.org/0000-0002-5346-4074
http://orcid.org/0000-0002-1836-748X
http://orcid.org/0000-0002-2137-2255
http://orcid.org/0000-0003-3645-0401
http://orcid.org/0000-0003-1203-1771
http://orcid.org/0000-0001-7163-296X
http://orcid.org/0000-0002-5898-0350
http://orcid.org/0000-0002-2353-1475
http://orcid.org/0000-0002-1572-3645
http://orcid.org/0000-0001-5709-6347
http://orcid.org/0000-0002-5116-5206
http://orcid.org/0000-0003-4981-0955
http://orcid.org/0000-0003-4480-5452


Biodiversity and Conservation	

1 3

Lawrence Ikeda23 · Axel Makay Katz24   · André Lincoln Barroso Magalhães25   · 
Luciano Fogaça de Assis Montag26   · Marluce Aparecida Mattos de 
Paula Nogueira27   · Mário Luis Orsi28 · Felipe Polivanov Ottoni29   · 
Carla Simone Pavanelli2,30   · Thalles Gomes Peixoto31 · Ana Cristina Petry32   · 
Paulo Santos Pompeu33   · Telton Pedro Anselmo Ramos34   · 
Luís Reginaldo Ribeiro Rodrigues22   · José Sabino35   · 
Wagner Martins Santana Sampaio36 · Vagner Leonardo Macedo dos Santos37 · 
Welber Senteio Smith38   · Guilherme Souza39   · Livia Helena Tonella40   · 
Jean Ricardo Simões Vitule41 

 *	 Fernando Mayer Pelicice 
	 fmpelicice@uft.edu.br

	 Angelo Antonio Agostinho 
	 agostinhoaa@gmail.com

	 Carlos Bernardo Mascarenhas Alves 
	 cbmalves@ufmg.br

	 Marlene Sofia Arcifa 
	 marcifa@usp.br

	 Valter M. Azevedo‑Santos 
	 valter.ecologia@gmail.com

	 Marcelo Fulgêncio Guedes Brito 
	 marcelictio@gmail.com

	 Pâmella Silva de Brito 
	 pamellabrito@hotmail.com

	 Paula Maria Gênova de Castro Campanha 
	 paula.campanha@sp.gov.br

	 Fernando Rogério Carvalho 
	 carvalhofr@gmail.com

	 Gabriel Costa da Costa 
	 gabrielcosttac@gmail.com

	 Mario Alberto Cozzuol 
	 cozzuol@ufmg.br

	 Almir Manoel Cunico 
	 almircunico@ufpr.br

	 Fernando Cesar Paiva Dagosta 
	 ferdagosta@gmail.com

	 Rosa Maria Dias 
	 rmdias2003@yahoo.com.br

	 Rodrigo Fernandes 
	 rfernandes@ufersa.edu.br

	 Ana Clara Sampaio Franco 
	 anaclara306@gmail.com

	 Diego Azevedo Zoccal Garcia 
	 diegoazgarcia@hotmail.com

	 Tommaso Giarrizzo 
	 tgiarrizzo@gmail.com

	 Éder André Gubiani 
	 eder.gubiani@unioeste.br

http://orcid.org/0000-0002-2933-7163
http://orcid.org/0000-0002-9463-1836
http://orcid.org/0000-0001-9370-6747
http://orcid.org/0000-0002-9272-3171
http://orcid.org/0000-0002-9390-0918
http://orcid.org/0000-0003-4059-984X
http://orcid.org/0000-0001-9039-2738
http://orcid.org/0000-0002-7938-1517
http://orcid.org/0000-0002-3808-8701
http://orcid.org/0000-0003-2849-0382
http://orcid.org/0000-0001-9160-9441
http://orcid.org/0000-0001-9803-7394
http://orcid.org/0000-0002-4224-5888
http://orcid.org/0000-0001-9395-752X
http://orcid.org/0000-0001-6543-7439


	 Biodiversity and Conservation

1 3

	 Erick Cristofore Guimarães 
	 erick.ictio@yahoo.com.br

	 Lawrence Ikeda 
	 lawrenceikeda@gmail.com

	 Axel Makay Katz 
	 axelmk@gmail.com

	 André Lincoln Barroso Magalhães 
	 andrebiomagalhaes@gmail.com

	 Luciano Fogaça de Assis Montag 
	 lfamontag@gmail.com

	 Marluce Aparecida Mattos de Paula Nogueira 
	 marluce_mattos@hotmail.com

	 Mário Luis Orsi 
	 orsi@uel.br

	 Felipe Polivanov Ottoni 
	 fpottoni@gmail.com

	 Carla Simone Pavanelli 
	 carlasp@nupelia.uem.br

	 Thalles Gomes Peixoto 
	 thallesgomespeixoto@ufu.br

	 Ana Cristina Petry 
	 anacristinapetry@macae.ufrj.br

	 Paulo Santos Pompeu 
	 pompeu@ufla.br

	 Telton Pedro Anselmo Ramos 
	 telton@gmail.com

	 Luís Reginaldo Ribeiro Rodrigues 
	 luisreginaldo.ufpa@hotmail.com

	 José Sabino 
	 sabino-jose@uol.com.br

	 Wagner Martins Santana Sampaio 
	 wagner.sampaio@ipefan.com.br

	 Vagner Leonardo Macedo dos Santos 
	 vagnerfisher@yahoo.com.br

	 Welber Senteio Smith 
	 welber_smith@uol.com.br

	 Guilherme Souza 
	 guilherme@projetopiabanha.org.br

	 Livia Helena Tonella 
	 livia.tonella@gmail.com

	 Jean Ricardo Simões Vitule 
	 biovitule@gmail.com

1	 Núcleo de Estudos Ambientais (Neamb), Programa de Pós‑Graduação em Biodiversidade, 
Ecologia e Conservação (PPGBec), Universidade Federal do Tocantins (UFT), Rua 3, Quadra 17, 
Jardim dos Ipês, Porto Nacional, Tocantins 77500‑000, Brazil

2	 Programa de Pós‑Graduação em Ecologia de Ambientes Aquáticos Continentais, Universidade 
Estadual de Maringá, Maringá, Paraná, Brazil



Biodiversity and Conservation	

1 3

3	 Laboratório Nuvelhas - Projeto Manuelzão (UFMG), Belo Horizonte, Minas Gerais, Brazil
4	 Universidade de São Paulo, Ribeirão Preto, São Paulo, Brazil
5	 Faculdade Eduvale de Avaré, Avaré, São Paulo, Brazil
6	 Grupo de Ecologia Aquática, Universidade Federal do Pará, Belém, Pará, Brazil
7	 Programa de Pós‑Graduação em Biodiversidade, Ecologia e Conservação, Universidade Federal 

do Tocantins (UFT), Porto Nacional, Tocantins, Brazil
8	 Departamento de Biologia, Laboratório de Ictiologia, Universidade Federal de Sergipe, 

São Cristóvão, Sergipe, Brazil
9	 Laboratório de Ecologia Molecular, Departamento de Biologia, Universidade Federal 

do Maranhão, São Luís, Maranhão, Brazil
10	 Centro de Pesquisas e Desenvolvimento de Recursos Hídricos e Pesqueiros – CPDRHP, Instituto 

de Pesca/SAA-SP, São Paulo, São Paulo, Brazil
11	 Câmpus de Três Lagoas, Laboratório de Ictiologia e Coleção Ictiológica de Três Lagoas, 

Universidade Federal de Mato Grosso do Sul, Três Lagoas, Mato Grosso Do Sul, Brazil
12	 Departamento de Estudos Ambientais, Instituto Maranhense de Estudos Socioeconômicos E 

Cartográficos (IMESC), São Luís, Maranhão, Brazil
13	 Departamento de Zoologia, ICB, Universidade Federal de Minhas Gerais (UFMG), 

Belo Horizonte, Minas Gerais, Brazil
14	 Laboratório de Ecologia, Pesca e Ictiologia (LEPI), Departamento de Biodiversidade, 

Universidade Federal do Paraná, Palotina, Paraná, Brazil
15	 LABISPE ‑ Laboratório de Biogeografia e Sistemática de Peixes, Universidade Federal da Grande 

Dourados, Dourados, Mato Grosso do Sul, Brazil
16	 Programa Nacional de Pós‑Doutorado – PNPD/CAPES, Programa de Pós‑Graduação em Ecologia 

de Ambientes Aquáticos Continentais (PEA), Laboratório de Ecologia e Ictiologia, Universidade 
Estadual de Maringá (UEM), Maringá, Paraná, Brazil

17	 Laboratório de Ecologia de Comunidades e Paisagens, Departamento de Biociências, 
Pós‑Graduação em Ecologia e Conservação, Universidade Federal Rural do Semi-Árido, Mossoró, 
Rio Grande do Norte, Brazil

18	 Laboratório de Ictiologia Teórica e Aplicada, Programa de Pós‑Graduação em Biodiversidade 
Neotropical, Universidade Federal do Estado do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, 
Brazil

19	 Laboratório de Ictiologia do Imasul (Instituto de Meio Ambiente de Mato Grosso do Sul), 
Campo Grande, Mato Grosso do Sul, Brazil

20	 Instituto de Ciências do Mar ‑ LABOMAR, Universidade Federal do Ceará (UFC), Fortaleza, 
Ceará, Brazil

21	 Grupo de Pesquisas em Recursos Pesqueiros e Limnologia (Gerpel), Programa de Pós‑Graduação 
em Recursos Pesqueiros e Engenharia de Pesca, Programa de Pós‑Graduação Em Conservação e 
Manejo de Recursos Naturais, Universidade Estadual do Oeste do Paraná, Toledo, Paraná, Brazil

22	 Programa de Pós‑Graduação Sociedade Natureza e Desenvolvimento, Instituto de Ciências da 
Educação, Universidade Federal do Oeste do Pará, Santarém, Pará, Brazil

23	 Biologist and Sport Fisher, Novo Hamburgo, Rio Grande do Sul, Brazil
24	 Laboratório de Sistemática e Evolução de Peixes Teleósteos, Departamento de Zoologia, Instituto 

de Biologia, Programa de Pós‑Graduação em Biodiversidade e Biologia Evolutiva, Universidade 
Federal do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil

25	 Programa de Pós‑Graduação em Ecologia de Biomas Tropicais, Universidade Federal de Ouro 
Preto, Ouro Preto, Minas Gerais, Brazil

26	 Instituto de Ciências Biológicas, Laboratório de Ecologia e Conservação, Universidade Federal 
do Pará, Belém, Pará, Brazil



	 Biodiversity and Conservation

1 3

27	 Programa de Pós‑Graduação em Ecologia, Universidade Federal de São João Del Rei (UFSJ), 
São João del Rei, Minas Gerais, Brazil

28	 Laboratório de Ecologia de Peixe e Invasões Biológicas, Departamento de Biologia Animal e 
Vegetal, Centro de Ciências Biológicas, Universidade Estadual de Londrina, Londrina, Paraná, 
Brazil

29	 Centro de Ciências Agrárias e Ambientais, Laboratório de Sistemática e Ecologia de Organismos 
Aquáticos, Universidade Federal do Maranhão, Campus de Chapadinha, Chapadinha, Maranhão, 
Brazil

30	 Núcleo de Pesquisas em Limnologia, Ictiologia e Aquicultura, Universidade Estadual de Maringá, 
Maringá, Paraná, Brazil

31	 Laboratório de Ecologia de Ecossistemas Aquáticos (LEEA), Instituto de Biologia, Programa de 
Pós Graduação em Ecologia, Conservação e Biodiversidade, Universidade Federal de Uberlândia, 
Campus Umuarama, Uberlândia, Minas Gerais, Brazil

32	 Instituto de Biodiversidade e Sustentabilidade, Universidade Federal do Rio de Janeiro, Macaé, 
Rio de Janeiro, Brazil

33	 Departamento de Ecologia e Conservação, Universidade Federal de Lavras, Lavras, Minas Gerais, 
Brazil

34	 Laboratório de Sistemática e Morfologia de Peixes, Departamento de Sistemática e 
Ecologia/CCEN, Universidade Federal da Paraíba, João Pessoa, Paraíba, Brazil

35	 Universidade Estadual de Mato Grosso do Sul, Campo Grande, Mato Grosso do Sul, Brazil
36	 Instituto de Pesquisa em Fauna Neotropical, Viçosa, Minas Gerais, Brazil
37	 NUPEM, Universidade Federal do Rio de Janeiro, Macaé, Rio de Janeiro, Brazil
38	 Programa de Pós‑Graduação em Patologia Ambiental e Experimental, Universidade Paulista, 

São Paulo, São Paulo, Brazil
39	 Projeto Piabanha, Associação dos Pescadores e Amigos do Rio Paraíba do Sul, Itaocara, 

Rio de Janeiro, Brazil
40	 Universidade Federal do Tocantins (UFT), Palmas, Tocantins, Brazil
41	 Laboratório de Ecologia e Conservação, Universidade Federal do Paraná (UFPR), Curitiba, 

Paraná, Brazil


	Unintended consequences of valuing the contributions of non-native species: misguided conservation initiatives in a megadiverse region
	Abstract
	Introduction
	Peacock bass: a powerful invasive NNS
	Misguided conservation initiatives
	Emerging concerns and conflicts
	Conclusions
	Anchor 8
	Acknowledgements 
	References


