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1 | INTRODUCTION

Neotropical freshwater fishes (NFF) are the most diverse on the planet.
From Central Mexico to the southern limits of South America, more
than 5,000 species form a distinct biogeographical unity, heterogene-
ously distributed across thousands of river systems and different ecore-
gions (Reis, Kullander, & Ferraris, 2003). Dominated by Ostariophysi
(i.e. Characiformes, Siluriformes and Gymnotiformes), NFF represent
c.a. 30% of all freshwater fish species on the planet—c.a. 10% of all
living vertebrate species. This high diversity includes a variety of taxo-
nomic, phylogenetic and functional types (Lévéque, Oberdorff, Paugy,
Stiassny, & Tedesco, 2008; Toussaint, Charpin, Brosse, & Villéger,
2016; Vitule, Agostinho et al., 2017), which play a range of ecosystem
functions (e.g. nutrient cycling, grazing, seed dispersal) and services
(e.g. professional and recreational fishing) that benefit different sectors
of human society (e.g. Castello et al., 2013; Hoeinghaus et al., 2009). In
addition, NFF are among the least known in the world (Ota, Message,
da Graca, & Pavanelli, 2015; Vitule, Agostinho et al., 2017), indicating
that this region is more diverse than currently thought.

Most countries in Latin America, however, have been careless
about the preservation of fish biodiversity. National policies have his-
torically encouraged unsustainable practices, and recent decades have
witnessed a sharp increase in harmful activities, together with the
approval of detrimental legislation. Consequently, multiple stressors,
particularly hydrological alterations, non-native species introduction,
habitat destruction and pollution, have damaged aquatic ecosystems
in the region. These impacts have caused significant changes in mul-
tiple facets of freshwater fish diversity, in different latitudes, biomes,
ecoregions and ecosystems (e.g. Agostinho, Gomes, Santos, Ortega, &
Pelicice, 2016; Barletta et al., 2010; Carolsfeld, Harvey, Ross, & Baer,
2003; Jiménez-Segura et al., 2016; Lasso, Machado-Allison, & Taphorn,
2016; Nogueira et al., 2010; Reis et al., 2016; Vitule, da Costa et al.,
2017; Winemiller et al., 2016) . This scenario is progressing rapidly, and
NFF are at risk of experiencing important losses, in a way that will affect
local ecosystem functioning, biogeographical patterns and evolutionary
processes. In this sense, the Neotropical region may be considered a
macro-hotspot for fish conservation, as the region is the most diverse
on the planet, while is undergoing severe and increasing human threat.

Our aim with this essay is to illustrate how national policies con-
stitute the main threat to the persistence of NFF. We provide a broad
portrait of the Latin American scenario, and focus on examples from
Brazil, a country that typifies the current state. This country holds an
extraordinary diversity (>3,300 freshwater fish species; Froese & Pauly,
2016), but large-scale development projects and controversial legisla-
tion have caused considerable damage to freshwater ecosystems. With
this review, we wish to inspire a much-needed discussion on the future

of NFF, in the hope of planning better conservation strategies.

2 | ANUMBER OF THREATS

During the 20th century, major watersheds in the Neotropical re-
gion were disrupted by multiple human activities related to urban

development, agribusiness, land use changes and the growing de-
mand for natural resources. Many harmful activities are prohibited
by local legislation (e.g. introduction of non-native species, pollution
and overfishing), but the most impacting and systemic are rooted in
official policies, for example hydropower, water diversion, mining, ag-
riculture/aquaculture. These activities are widespread and expanding
among Latin American countries, carried out to develop local, regional
and national economies. It includes, for example, the construction of
thousands of small and large hydropower dams in South America and
Caribbean (e.g. Agostinho et al., 2016; Cooney & Kwak, 2013; Finer
& Jenkins, 2012), the expansion of mining and oil leases in Andean/
Amazon countries (e.g. Cremers, Kolen, & Theije, 2013; Ferreira et al.,
2014) and the fast development of agriculture and aquaculture ac-
tivities in north-eastern Mesoamerica, southern and central regions
of South America (e.g. Esselman, Schmitter-Soto, & Allan, 2012;
Lapola et al., 2014; Martinelli, Naylor, Vitousek, & Moutinho, 2010;
Valladdo, Gallani, & Pilarski, 2016). Large-scale projects have also
been proposed, such as the Interoceanic Canal (Nicaragua), the Olmos
Irrigation Project (Peru), the HidroAysén Dam Project (Chile), the Plan
to Accelerate Growth (PAC, Brazil) and hydropower development in
the Amazon (Brazil and Peru). Countries have also proposed ambi-
tious plans with extra-continental cooperation, for example the South
American Infrastructure and Planning Council (IIRSA, COSIPLAN),
the Mesoamerica Integration and Development Project and the
Peru-Brazil Energy Agreement. It is important to note that tropical,
equatorial and Andean countries, highly diverse in terms of fresh-
water ecosystems and fish species, but economically vulnerable and
politically unstable, are leading this wave of unsustainable develop-
ment, that is Mexico, Nicaragua, Panama, Costa Rica, Colombia, Peru,
Bolivia, Chile, Argentina, Paraguay and Brazil.

Unsustainable policies caused multiple disturbances and nega-
tively affected the structure and functioning of freshwater and ter-
restrial ecosystems. River regulation and water diversion projects
have changed the natural flow regime of most river systems (e.g.
Agostinho et al., 2016; Anderson, Pringle, & Rojas, 2006; Cooney &
Kwak, 2013). These activities, together with agribusiness and min-
ing, have provoked extensive changes in land cover and degraded
natural lakes, floodplains, wetlands and riparian forests (e.g. Barletta
et al., 2010; Castello et al., 2013; Jiménez-Segura et al., 2016; Killeen,
2011; Swenson, Carter, Domec, & Delgado, 2011) . Aquaculture, in
particular, has introduced several non-native species (e.g. Britton &
Orsi, 2012; Esselman et al., 2012; Habit & Cussac, 2016; Magalhaes
& Jacobi, 2013; McKaye et al., 1995), and together with agriculture,
urban and mining development, released heavy loads of pollutants
into aquatic systems (e.g. Aradjo, Pinto, & Teixeira, 2009; Barrella &
Petrere Jr, 2003; Wantzen & Mol, 2013) . During the last half cen-
tury, human threats transformed unique, pristine or highly diverse
regions—the Maya Mountains, Caribbean drainages, Lake Nicaragua,
Andean headwaters, Cerrado savannas, Caatinga semi-arid ecosys-
tems, Atlantic rainforest remnants, Pantanal wetlands, Gran Chaco,
Llanos del Orinoco and Moxos, and Chilean Patagonia (e.g. Abilhoa,
Braga, Bornatowski, & Vitule, 2011; Alcorn, Zarzycki, & de la Cruz,
2010; Cooney & Kwak, 2013; Esselman et al., 2012; Habit & Cussac,
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2016; Harer, Torres-Dowdall, & Meyer, 2016; Killeen, 2011; Klink
& Machado, 2005; Leal, Silva, Tabarelli, & Lacher, 2005). Even the
Amazon system, relatively well preserved, is under pressure by urban,
hydropower, mining and agribusiness expansion (Castello et al., 2013;
Lees, Peres, Fearnside, Schneider, & Zuanon, 2016; Winemiller et al.,
2016)—and currently by non-native species (Bittencourt, Silva, Silva,
& Tavares-Dias, 2014; Padial et al., 2017; Van Damme et al., 2015).

These activities had important implications on fish diversity and
associated ecosystem services (i.e. fisheries). Hundreds of scientific
studies, conducted throughout the region, have consistently reported
multiple changes in fish biodiversity from genes to ecosystems, for ex-
ample genetic and population structure, physiology, species richness,
composition, abundance/biomass, persistence, recruitment, food web
structure, functional traits, ecosystem functions and services, among
others (Table S1). Currently, fish assemblages in most river basins and
sections are subsets of the original fauna, usually dominated by toler-
ant, opportunistic and sedentary species, in addition to several non-
native fishes (e.g. Agostinho, Pelicice, Petry, Gomes, & Jalio Junior,
2007; Anderson et al., 2006; Barrella & Petrere Jr, 2003; Cunico, Allan,
& Agostinho, 2011; Daga, Debona, Abilhoa, Gubiani, & Vitule, 2016;
Esselman et al., 2012; Jiménez-Segura et al., 2016; Vargas, Arismendi,
& Gomez-Uchida, 2015). Migratory fishes, culturally iconic and highly
prized in markets and in sport fishing, have virtually disappeared from
many reaches, rivers and basins (Table 1), provoking shifts in tradi-
tional and commercial fisheries (e.g. Agostinho et al., 2016; Carolsfeld
et al., 2003; Greathouse, Pringle, & Holquist, 2006; Hoeinghaus et al.,
2009). Fish assemblages at impounded sites, in particular, are impov-
erished, fragmented and vulnerable, usually composed of a few small-
sized species with low commercial value and non-native fishes (e.g.
Agostinho, Gomes, & Pelicice, 2007; Daga et al., 2015; Petesse &
Petrere Jr, 2012; Petrere Jr, 1996).

To provide a more detailed account of this scenario, we collected
information and specific examples about public policies in Brazil, and
analysed their effects on freshwater fish diversity. We chose Brazil
because the country typifies the Neotropical context: it has con-
tinental extent (i.e. it includes all major river systems of the region,
different biomes, ecoregions, hotspots and Ramsar sites), holds more
than 60% of all NFF, and official policies have fostered a myriad of
unsustainable development projects. Scientific studies have reported
profound changes in fish diversity across the country (Table S1), and
fishery stocks have declined consistently in all major river systems.
The Brazilian government recently listed 312 (c.a. 10%) freshwater fish
species threatened with extinction (Reis et al., 2016), but many pop-
ulations are fragmented, declining or locally extirpated from several
sites and regions; even though not listed in official red lists (Table 1).
To expose this specific case, we gathered the most relevant threats
that have their origin in Brazilian public policies, which are intense (i.e.
cause large-scale disturbances), systemic (i.e. affect the whole ter-
ritory), pervasive (i.e. effects spread rapidly through the ecosystem)
and increasing (i.e. intensified in recent decades). These threats were
grouped into three classes: (i) harmful activities, (i) harmful manage-
ment and (iii) harmful laws (Figure 1). The first class gathered a num-
ber of development activities that have promoted direct disturbances
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on freshwater ecosystems and biodiversity; the second included main
management actions directed to restore/conserve freshwater fishes,
but which showed little success or caused additional impacts; the third
class summarized recent laws and projects that foster unsustainable
development. All these factors have direct effects on fish diversity,
but their interactions and feedbacks enhance negative links (Figure 1).

2.1 | Harmful activities

This group includes a number of activities that directly and adversely
affect the maintenance of fish biodiversity: dams, water diversion,
mining, aquaculture, agriculture and fishing (Table 2; Figure 1).

River regulation deserves attention because dams change the
natural flow regime and cause extensive habitat losses, degradation
and fragmentation (Figure 2) (Pringle, Freeman, & Freeman, 2000).
In Brazil, thousands of dams (Figure 3a) were constructed over the
20th century, particularly for hydropower generation (Agostinho,
Gomes et al., 2007). As a result, all major rivers are now regulated,
fragmented or under the influence of dams and impoundments. In
some basins, cascades of dams regulate the entire fluvial course, as
observed in the Upper Parand, Paraiba do Sul and Lower Sdo Francisco
rivers (Agostinho etal., 2016; Araljo etal., 2009; Nestler etal.,
2012). Hydroelectric expansion has advanced to the Amazon basin
(Figure 3b), home to thousands fish species in relatively pristine con-
ditions (Castello et al., 2013; Lees et al., 2016). Seven large dams reg-
ulate the entire course of the Tocantins River, and the Upper Tapajés
River will be regulated in the near future (Winemiller et al., 2016).
Dams also block the main stem of the Madeira and Xingu rivers, not
to mention the giant Balbina Reservoir and other dams constructed on
smaller tributaries. The growing construction of small dams is another
concern (Figure 3c), as these structures are now widespread in tribu-
taries and headwaters of all basins, including the Amazon, Cerrado,
Pantanal and Atlantic rainforest systems (Abilhoa et al., 2011; Alho &
Sabino, 2011; Finer & Jenkins, 2012; Lima Junior, Magalhaes, & Vitule,
2015; Nogueira et al., 2010). Along with dam construction, official
policies have proposed water diversion projects to balance the water
deficit between reservoirs and basins and to mitigate the misuse of
water resources (e.g. pollution, loss of wetlands). This activity causes
large-scale ecological impacts to both donor and receiver systems
(Anderson et al., 2006; Lima Junior et al., 2015; Pringle et al., 2000),
including hydrological disturbances and species invasions (Figure 2).
Ambitious and controversial mega-projects aim to transfer water from
the Amazon and Sao Francisco basins to the Brazilian semi-arid region
(e.g. Projeto Sdo Francisco). There are also projects to mitigate water
shortages in large metropolises in the southeast region (Lima Junior
et al.,, 2015) (Figure 3d), because urban freshwater ecosystems, al-
though vital to modern societies, are much deteriorated (i.e. regulated,
rectified, channelled and contaminated) (Aradjo et al., 2009; Barrella &
Petrere Jr, 2003; Pompeu, Alves, & Callisto, 2005).

Mining activities (Figure 3e) and oil leases constitute another
major threat to freshwater fishes and aquatic ecosystems (Hughes
etal., 2016; Wantzen & Mol, 2013). In addition to routine direct ef-
fects (i.e. erosion, water and soil contamination; Figure 2), there is



PELICICE €T AL.

—
< s

e

.YS
)
=
K
)
oo
2]
=
|55
]
&

<
o]
2
=
=

(6002) el1210|A| pue ‘iops|iH ‘ajaddaue) ‘IfuoH
(STOT) 1352104 pue ‘lULIOYUIS ‘BIPAIIO
1510 ‘e3eIYSY (€00T) e 32 pIdjs|oled
(STOZ) 0Yunsosy pue ‘sawo9 ‘@213 ‘sloD
(#T0T) "[e 32 1n0dUSRG (ZTOT) ‘|e 3 SaYdUeS
(STOZ) eddejjay) pue
‘eyooy ‘edde|jay) ‘Oj0WBWEA ‘OJUDWIISEN
xﬁHONV sguer pue ,mw>_muc00 ,Cmu_o>

(ST0Z) ‘e 32 3eq ‘(10T) UoNIg pue Isi0

(STOZ) e 3 esasa |
(STOT) "le 32 uousipiog {(TTOZ) ‘[e 32 0dIUND

(9102) ‘I8 32 pAnH :(STOT) M32]eD pue
BJ1919d-B350D {(710T) I8 39 O||935eD *(¥007)
epe) O pue ‘OWISSIIDA ‘SaWoN) ‘Oyul}sody

(9102) ‘|8 3@ oyunsosy
(0T0Z) "I 32 ed12n30ON (£00Z) '|E 32 pl2s|oied

(9702) '|e 32 oyunsody
(€002) '[e 32 p[24s|04eD (966T) 4 4343d
(9702) le 33 3|]2Y2uodn( :(¥002)
Z3Wo9 pue ‘eqoplo) ‘waynieg ‘Uf a1ai1ad
(T66T) A 219119 pue ‘odiaqly ‘wayreg

EEMIESETEYWEN]

sweq

sweq ‘@4n}ndL8y

sa1239ds aAI1eU-UON

UOISIDAIP
J93EAA 4N} NdLISY

sa|oads
9AIJBU-UON ‘94n3|ndenbyy

UOISIAIP J93BAA ‘sa10ads
dAI3eU-UON ‘Sululy ‘Sweq
‘adnjjnoenby ‘@un}noLdy

sa10ads aAljeU-UON
‘salIaysi ‘sweq
‘aanjjnoenby ‘@4n}noLdy

sweq

AJaysi ‘sweq

AJaysi ‘sweq

2dUeqINISIP UlB]

pajedinxs
‘Buuidap ‘pajuswiselq
pajediinxa

‘Buuldap ‘pajuswiselq

Suiuppag

paleduiixs ‘Sululpaq

pajedinxe ‘Buiuipag

pajedinyxe
‘3uuldap ‘pajuswidelq

3ujuioap ‘pajuswidel

pajedinyxe
‘Bululdap ‘pajuswdel

pajedinxe
‘Buuldap ‘pajuswsel

3uuipap ‘pajuswdel

smels

sa3eule.p [eJaASS

sageulelp [eJanss

sa3eulelp [BI9ASS

sageulelp |eJansg

eueled Jaddn

sadeulelp |BI9ADS

so8eulelp [eI9AS

sageulelp |eJanag

Aen3nin ‘eueseq

Jaddn ‘oosiouelq oeg

uozewy

uiseg

(wnyduids s ‘abgAyp.pd °g

‘WiNUDa20p S ‘WININAIqUID °S :2epIpojaWid “8'9) WNIpLIaUYIDPUIIS SNUSD)
(p1uabyioo g ‘snubAuBigio g ‘snuijpdo g

‘ipun| °g ‘1124231bu *g ‘1BUIp|NoS g :aepluodAlg ‘3'9) uo2Alg snus
(p24adoupips ‘snSbydoas

‘DjYa121uaJI) ‘DUWOSDIYDID) SUapinbayy :aeplyd1) "8°9) SpIYdId |[ews

(spigajo3da ‘sbigajosdAH ‘Sbigajoisny :9eplNALY “8'3) Saysly |enuuy
(buLIaUYIDPUIR]S :DEPIIBWILIND SNUUIADLIBS ‘DISNDYNUBOIA ‘U0IAIGOSSaYdAL
‘SNUWDJIBIWAH XDUDAISY :aeploeley) 8:9) SII0AISSaU Ul suldeleyd ||ews
(pjapojjawild ‘stujipdui] :sepipojawlid <pLIDILIoJaUlY
‘SNW03SOdAH ‘snJoOUOSIH {SNJ3sIdUY :9epllIedLIOT (spiopAio) :2eplAylydljed
snpouy| ‘snaliaWbU0IAIg ‘XDUDAISY :aeploeley) "8°9) saysl) weans
(wignios :aepipojswld :Snpojiy20.1dpias ‘Snpojiy20.d :Sepiauopo|iyd0.id
'SNJDIDI ‘SN3JAN ‘ShUIS3JA|N ‘DWOSSO[0D) :9epIW|eSSeLIDS
‘pwipdp.y :sepiwiedely snulioda] :aeplwolsouy 3:9) saysls ulejdpoo|
(snunyjag
:9BPIIIBILIOT (SNPOIW3H :9BPIIUOPOIWSH SNUIWDS ‘U02AIG :9epIU0dAIg
snjdojA ‘SnuisajAjp :9eplw|essellas uopolaibdy :aepiauopoled
{SN2Ij0JpAH :9EPIJUOPOUAD ‘shuliodaT :aeplwolsouy ‘8-9) saysly dljiydoayy
(nypl nupBunz ‘subasniiod bwiolsAipjdopnasd
:9epIpojawld ‘Sn2Iwp1odosal sn1dpID]d :9ePIW|esSelIaS Snupd
-S1oUDJJ *§ ‘sISUaI[ISbAq Shulw(ps :3epluodAug '3:9) saysly AlojesSiw a8.e

(1XnpassnoJ *g ‘SUb2IAD}
‘g ‘wnsojuawb|l bwolsAIp|dAyop.ig :epipojawild "38-9) saysijied adie

saldadg

sa|dwexa aJow 404 TS d|e ] }NSUOD) ‘|iZesg Ul SPAYSIDIEM JUBIDHIP Ul SOYIS [eJaASS WOy pajed.ipxa Jo Sujuipap ‘pajuswdedy ale jeyy sdnols pue sapdads ysiy jo sajdwexs [eouidwy T 319V.L



PELICICE €T AL

(b)

FIGURE 1 Simplified conceptual
model of the main threats to Neotropical
freshwater fishes, summarized as harmful
activities (a), harmful management (b) and
harmful legislation (c). Positive (+) and
negative (-) interactions are indicated

FISH PASSAGES

FISH STOCKING

risk of large-scale disturbances, because hundreds of dams accumu-
late mining wastes, and many are unstable and at full capacity (Meira
et al., 2016). Not surprisingly, the breaching of mine tailing dams in the
Rio Doce Valley led to profound social, economic and environmental
consequences (Escobar, 2015), affecting over 300,000 people, 1,500
fishers and 80 fish species. There are c.a. 600 mining dams operat-
ing in the country (Nazareno & Vitule, 2016), and their contribution
to the Brazilian gross domestic product has increased progressively
(Ferreira et al., 2014), with several mining/oil leases in the Amazon
basin (Castello et al., 2013).

In addition to these engineering projects, the federal government
destined c.a. R$ 4.1 billion (US$ 1.32 billion) to boost intensive aqua-
culture with non-native species and implement aquaculture parks in
reservoirs (Figure 3f). About 150 parks will be installed, covering more
than 1,500 sites in main river basins (Lima, Oliveira, Giacomini, & Lima
Junior, 2016). Aquaculture has many impacts on aquatic ecosystems
(Figure 2), including species introduction (Figure 3g), trophic cascades,
eutrophication, pollution, genetic erosion, diseases, habitat destruc-
tion (Figure 3h) and biotic homogenization (Agostinho, Gomes et al.,
2007; Diana, 2009; Ortega, Julio Junior, Gomes, & Agostinho, 2015;
Pelicice, Vitule, Lima Junior, Orsi, & Agostinho, 2014). Biological in-
vasion is a serious concern, because 88% of licensed parks will raise
non-native species (Lima et al., 2016), especially tilapias. Aquaculture
has historically focused on exotic fishes, and the activity is responsible
for the introduction of several non-native species in Brazil (Agostinho,
Gomes et al., 2007; Britton & Orsi, 2012; Ortega et al., 2015). Some
basins (e.g. Upper Parana, Sdo Francisco and Paraiba do Sul) are de-
graded to a point where few river sections remain undisturbed by ex-
otic fishes (Araujo et al., 2009; Daga et al., 2015; Magalh3es & Jacobi,
2013; Orsi & Britton, 2014). The expansion of the activity will also
cause large-scale invasions in the Amazon basin (Bittencourt et al.,
2014; Padial et al., 2017), where non-native fishes are largely absent.

The expansion of aquaculture followed the impressive development
of agriculture, one of the main economic activities of the country. The
activity already uses 55% of the water consumed in Brazil (FAOSTAT
2015), and monocultures (soybean, maize, sugar cane) cover vast areas

of the country (Martinelli et al., 2010). Agribusiness activities (Figure 3i)
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have changed the landscape and the functioning of terrestrial and
aquatic ecosystems (Figure 2) (Ferreira et al., 2014; Lapola et al., 2014;
Martinelli et al., 2010), creating an important ecological debt in the short
and long term (Fearnside, 2005). It has caused extensive changes in land
cover and destroyed riparian areas, wetlands and springs due to defor-
estation, cattle trampling and stream regulation (small dams). These
practices affected abiotic and hydrological conditions of aquatic eco-
systems, and the systematic conversion of riparian forests (Figure 3i,j),
in particular, has led to marked changes in instream habitats (Leal et al.,
2016) and aquatic biodiversity (e.g. Bordignon, Casatti, Pérez-Mayorga,
Teresa, & Brejao, 2015; Casatti, Ferreira, & Carvalho, 2009; Santos,
Ferreira, & Esteves, 2015; Teresa, Casatti, & Cianciaruso, 2015). It is
particularly evident in headwater streams, environments that harbour
high levels of fish biodiversity, with complicated patterns of endemism,
rarity and turnover. Water pollution is another issue (i.e. eutrophication,
contamination and bio-magnification), because agribusiness uses heavy
loads of fertilizers and pesticides (Martinelli et al., 2010), including some
that are illegal and banned in developed countries.

Fishing has been another source of disturbances, as it has ex-
erted a constant pressure upon some stocks, with demographic/ge-
netic consequences (Figure 2). The activity is structured in different
modalities (artisanal, commercial, industrial, sport), employs a variety
of fishing methods, and is spread across different ecosystems, for ex-
ample rivers, floodplains, impoundments (Batista, Inhamuns, Freitas, &
Freire-Brasil, 1998; Castello, Isaac, & Thapa, 2015; Okada, Agostinho,
& Gomes, 2005; Petrere Jr, 1996). Fishery activities contributed to de-
plete stocks in different basins (Allan et al., 2005; Castello, Arantes,
McGrath, Stewart, & Sousa, 2014; Gerstner, Ortega, Sanchez, &
Graham, 2006; Mateus, Penha, & Petrere Jr, 2004), but size over-
fishing seems to be more common, mainly among valued migratory
species such as large catfishes and characins (Correa et al., 2015;
Costa-Pereira & Galetti, 2015). Although specific legislation regulate
the activity (e.g. minimum size, quotas, seasonal suspensions), inspec-
tions are inadequate and fisheries management is poor or non-existent
(see next section). Non-professionals and authorities usually blame
fishing pressure as the cause of stock collapses and declining yields,

but it is likely that, in many cases, fishing plays a secondary role, as
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TABLE 2 Main threats to Neotropical freshwater fishes, grouped into three classes: (A) harmful activities, (B) harmful management and
(C) harmful legislation. The table shows the period of occurrence of each activity, their current trend and main impacts on fish biodiversity. Key
references provide further information and examples

Threats

(A) Harmful activities

1) Dam construction (large and
small dams)

2) Dams in Amazonia (large and
small dams)

3) River diversion projects

4) Mining and oil leases

5) Aquaculture

6) Agriculture

7) Fisheries

(B) Harmful management

8) Fish stocking

9) Fish passages

(C) Harmful legislation

10) Forestry Code (Federal Law
12.651)

11) Federal, State and Municipal
laws that reduced the size of
protected areas

12) Simplified licensing of
aquaculture parks in reservoirs
(update of Resolution 413/2009)

13) Naturalization of non-native fishes
(Federal Law 5.989/09)

14) Aquaculture of non-native
fishes in Amazonia (State law
76/2016

15) Aquaculture of Amazonian
fishes outside their native range
(Normative Instruction 16/14)

16) Transport of aquatic organisms for
ornamental and fishkeeping
purposes (Normative Instruction
21/14)

Period
(Current trend)

20th century
(Increasing)

Since ~1975
(Increasing)

20th century
(Increasing)

20th century
(Increasing)

20th century
(Increasing)

20th century

20th century
(Increasing)

20th century
(Increasing)

2012
(Approved)

Since ~2000
(Approved)

2013
(Approved)

2009
(Partially
Approved)

2016
(Approved)

2014
(Approved)

2014
(Approved)

Main impacts

Biogeochemical changes; flow regulation;
habitat loss and degradation; introduction
of non-native species; loss of connectivity

Biogeochemical changes; flow regulation;
habitat loss and degradation; introduction
of non-native species; loss of connectivity

Hydrological changes; introduction of
non-native species; loss of barriers; water
deficit

Biogeochemical changes; deforestation;
habitat loss and degradation; pollution

Habitat loss and degradation; introduction
of non-native species; negative biotic
interactions; pollution and eutrophication

Deforestation; habitat loss and degradation;
introduction of non-native species;
pollution and eutrophication

Genetic and demographic changes

Genetic erosion; hybridization; introduction
of non-native species; negative biotic
interactions

Ecological traps; introduction of non-native
species; malfunctioning; source-sink
dynamics

Deforestation; habitat loss and degradation;
introduction of non-native species

Deforestation; habitat loss and degradation

Habitat loss and degradation; introduction
of non-native species; negative biotic
interactions; pollution and eutrophication

Introduction of non-native species;
negative biotic interactions

Introduction of non-native species;
negative biotic interactions

Introduction of non-native species;
negative biotic interactions

Introduction of non-native species;
negative biotic interactions

Key references

Pringle et al. (2000); Nestler et al.
(2012); Daga et al. (2015); Pelicice
et al. (2015); Agostinho et al. (2016)

Finer and Jenkins (2012); Castello et al.
(2013); Lees et al. (2016); Winemiller
et al. (2016)

Pringle et al. (2000); Lima Junior et al.
(2015)

Swenson et al. (2011); Wantzen and Mol
(2013); Ferreira et al. (2014); Hughes
et al. (2016); Meira et al. (2016)

Diana (2009); Britton and Orsi (2012);
Magalhaes and Jacobi (2013); Ortega
et al. (2015); Lima et al. (2016)

Fearnside (2005); Martinelli et al. (2010);
Ferreira et al. (2014); Lapola et al.
(2014)

Allan et al. (2005); Castello et al. (2014);
Correa et al. (2015); Costa-Pereira and
Galetti (2015)

Vitule et al. (2009); Agostinho et al.
(2010); Britton and Orsi (2012)

Pelicice and Agostinho (2008);
McLaughlin et al. (2013); Pompeu et al.
(2012); Pelicice et al. (2015)

Martinelli et al. (2010); Magalhaes et al.
(2011); Nazareno et al. (2011); Ferreira
et al. (2014)

Bernard et al. (2014); Ferreira et al.
(2014)

Lima Junior et al. (2015); Azevedo-
Santos et al. (2015); Lima et al. (2016)

Vitule et al. (2009); Pelicice et al. (2014);
Azevedo-Santos et al. (2015)

Padial et al. (2017)

Magalhaes and Jacobi (2013); Magalhaes
and Vitule (2013); Vitule et al. (2014)

Magalhaes and Jacobi (2013); Magalhaes
and Vitule (2013); Vitule et al. (2014)

(Continues)
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Fishing upon threatened species

Fishing upon reproductive fish; genetic and
demographic changes;

Biogeochemical changes; deforestation;
habitat loss and degradation; pollution

Biogeochemical changes; flow regulation;
habitat loss and degradation; introduction
of non-native species; loss of connectivity

Biogeochemical changes; deforestation;
flow regulation; habitat loss and
degradation; loss of connectivity; pollution

Biogeochemical changes; deforestation;
flow regulation; habitat loss and
degradation; loss of connectivity; pollution

Deforestation; habitat loss and degradation;

TABLE 2 (Continued)
Period
Threats (Current trend)  Main impacts

17) Suspension of national species 2014

red lists (Order 445) (Temporarily

approved)

18) Suspension of fishing prohibi- 2015

tions during the reproductive (Temporarily

period (Order 192/15) approved)
19) Revision of laws to develop 1996 and 2012

mining activities in protected (Partially

areas (Federal Law 1610/96 and Approved)

Federal Law 3682/2012)
20) Simplified licensing of small 2014

hydropower dams (update of (Partially

Federal Laws 9.704/95 and Approved)

9.427/96)
21) Simplified licensing process for 2015

strategic mega-projects (Federal (Partially

Law 654/2015) Approved)

and eutrophication

22) Simplified licensing process for 2012

any infrastructure or develop- (Partially

ment project (PEC-65) Approved)

and eutrophication

23) Freezing of budget destined to 2016

scientific research and (Approved)

conservation programs (PEC-55)

introduction of non-native species;
overfishing; pollution

I
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Key references

Di Dario et al. (2015)

Pinheiro et al. (2015)

Castello et al. (2013); Ferreira et al.
(2014); Meira et al. (2016)

Pringle et al. (2000); Castello and

Macedo (2015); Agostinho et al. (2016)

Fearnside (2016a)

Fearnside (2016a)

Angelo (2016)

stocks are substantially depressed by other human activities (e.g. river
regulation, habitat losses, pollution). It means that some populations
will not recover if fishing pressure ceases, because key environmental
conditions were changed or lost.

We propose that these harmful activities probably interact to cause
multiplicative and emergent effects, such as the common combination
among river regulation, aquaculture, deforestation and fishing. For
example, negative effects of fishing or aquaculture are likely magni-
fied in impoundments, because dams affect population’s growth rate,
decrease the carrying capacity of the environment, and make stocks
vulnerable to harvesting (i.e. downstream from dams). Agriculture may
also enhance impacts on small streams when it combines deforesta-
tion with the construction of low-head dams and the release of heavy
loads of fertilizers. These interactions, although poorly evaluated (e.g.
Leal et al., 2016; Mateus et al., 2004), must play a significant role in the

current decline of biodiversity.

2.2 | Harmful management

The decline in fish diversity has led authorities to consider two main
strategies regarding fish conservation: fish stocking and the construc-
tion of fish passages (Table 2; Figure 1). Although these actions were
commonplace during the 20th century, they were applied without
clear objectives, prior assessments or post-monitoring; consequently,
they were unable to prevent the decline of fish populations and,

worse, caused additional negative effects (Figure 2).

Official agencies conducted fish stocking for decades (Figure 3k),
involving dozens of species in different basins; however, there is no
indication that they have recovered native populations or target
fishery stocks (Agostinho, Pelicice, Gomes, & Jalio Junior, 2010;
Agostinho, Gomes et al., 2007). Worse, they introduced several non-
native species, caused genetic problems in native populations and
wasted money and effort (Britton & Orsi, 2012; Ortega et al., 2015;
Vitule, Freire, & Simberloff, 2009). In several watersheds, for exam-
ple, nuisance invasive species (e.g. freshwater croacker Plagioscion
squamosissimus, Sciaenidae; Nile tilapia Oreochromis niloticus,
Cichlidae) were released by official stocking programs carried out
by hydropower companies. The use of fishways followed the same
trend, as ladders and other devices were installed in different basins
(Figure 3l), but they never restored wild populations or ecosystem
services. A series of recent studies revealed that fish passages often
malfunction and cause additional problems (e.g. McLaughlin et al.,
2013; Pompeu, Agostinho, & Pelicice, 2012), including unidirectional
passage (e.g. Agostinho, Pelicice, Marques, Soares, & Almeida, 2011),
enhanced predation (e.g. Agostinho, Agostinho, Pelicice, & Marques,
2012), trait selection (e.g. Volpato, Barreto, Marcondes, Moreira, &
Ferreira, 2009) and the introduction of non-native species (e.g. Julio
Junior, Dei Tés, Agostinho, & Pavanelli, 2009). In some contexts,
fishways can cause serious negative effects such as source-sink dy-
namics and ecological traps (Pelicice & Agostinho, 2008; Pelicice,
Pompeu, & Agostinho, 2015), compromising genuine conservation
efforts.
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FIGURE 2 Simplified conceptual model of the main disturbances
caused by harmful activities and management on Neotropical
freshwater fishes. Disturbances are changes in water flow (FLOW),
hydrology (HYDROL) and biogeochemistry (BIOGEO), habitats

loss and degradation (HABITAT), the introduction of non-native
species (NNS), pollution (POLLUT) and direct demographical effects
(DEMOG)

We highlight that both measures are charismatic and have pop-
ular support, so they continue to be applied as fish stocks decline
across the country. The consequence is that fish biodiversity, already
threatened by multiple human activities and unprotected by effective
conservation planning, suffers additional impacts from inappropriate

management actions.

2.3 | Harmful legislation

Brazilian legislation is usually considered a benchmark for biological
conservation (Loyola, 2014). This legislation implemented, for exam-
ple, a number of protected areas across the country and established
legal instruments that protect riparian forests and limit deforestation
in private lands (Lapola et al., 2014). In addition, a stringent licensing
process guide development projects, while specific laws enforce eco-
system management and restoration, and restrict fishing activities (e.g.
Agostinho, Gomes et al., 2007; Tollefson, 2016). This beneficial frame-
work, however, has resulted in limited practical effects, especially be-
cause inspection is inadequate or completely absent (Tollefson, 2016),
and administration is weakened by heavy bureaucracy and corruption
(Fearnside, 2016a). Many prohibited activities are common practices
in Brazil, such as the complete removal of riparian vegetation, human
settlements inside protected areas, the introduction of non-native
species and illegal fishing. A matter of much greater concern, how-
ever, is the suite of recent legislation (laws, decrees and other regula-
tions) put forth to organize and foster economic activities related to
the expansion of agribusiness, aquaculture (commercial and ornamen-
tal), mining and hydropower (Table 2). Brazil is currently facing severe
social/political/economic instability, so unsustainable policies became
easily justified to reaccelerate and sustain economic growth.

Among this legislation, some laws have potential to accelerate

habitat loss, degradation and fragmentation, such as the New Forestry

Code and the downsizing of protected areas including national parks
(Bernard, Penna, & Araujo, 2014; Ferreira et al., 2014; Nazareno et al.,
2011). The Forestry Code, in particular, reduced the protected area of
riparian buffer zones, increasing the vulnerability of aquatic ecosys-
tems (Magalhaes, Casatti, & Vitule, 2011). A matter of great concern
are propositions to simplify or weaken the licensing process of infra-
structure development, that is large-scale projects (Law 654/2015),
small hydropower dams (Federal Laws 9.704/95 and 9.427/96), or
even any development project (PEC-65; Fearnside, 2016a). If ap-
proved, these regulations will accelerate the analysis of strategic
mega-projects, implicating that the quality of environmental impact
assessments will decline. Brazil has also made concerted efforts to
create a legislative framework supportive of mining activities. This in-
cludes draft legislation to develop new mines in protected reserves
and indigenous lands (Ferreira et al., 2014), and attempts to change
the restrictions imposed by the Brazilian Mining Code (Meira et al.,
2016). Finally, we mention the controversial PEC-55 (previously PEC
241), an austerity plan that will freeze the national budget for the next
20 years. It means that investments on scientific research and envi-
ronmental conservation will decline (Angelo, 2016). Environmental
agencies will experience limited expenditure, with negative effects on
the recruitment of new officials, inspections and the enforcement of
regulations (Magalhaes et al., 2017).

Other laws will cause the introduction and spread of alien species.
We cite the bureaucratic simplification to approve aquaculture parks
in public waters (Lima et al., 2016), tilapia aquaculture in the state of
Amazonas (Padial et al., 2017), and laws to boost the aquaculture and
commerce of Amazonian fishes outside their native region (Vitule,
Sampaio, & Magalhaes, 2014). Another troubling case is the law that
naturalizes non-native species for aquaculture purposes (Pelicice et al.,
2014), which may cause the mass invasion of different non-native spe-
cies, including carp and tilapia (Figure 2g). New legislation has also de-
creased the protection of fishing stocks, because endangered species
lists and seasonal fishing closures were both attacked and provision-
ally suspended during 2015 due to purely political reasons (Di Dario
et al., 2015; Pinheiro et al., 2015).

3 | THE FUTURE IS NOW

Neotropical freshwater fishes are at their most fragile moment in
human history, considering that official policies in Latin America have
encouraged activities with strong potential to impair the functioning
of freshwater ecosystems. Our specific analysis focused on Brazil,
but unsustainable activities such as hydropower expansion, land
use changes and the introduction of non-native organisms are wide-
spread across the Neotropical region. The situation is more dramatic
if we consider that many other activities (not considered here) are
planned or in course to accelerate regional development, for exam-
ple roads, railways, ports, waterways and power plants (Harer et al.,
2016; Huete-Perez, Tundisi, & Alvarez, 2013; Killeen, 2011; Lapola
et al., 2014; Lima Junior et al., 2015). Furthermore, prohibited harm-
ful actions are growing across the region, such as clandestine fish
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FIGURE 3 Examples of human activities in Brazil that have negatively affected Neotropical freshwater fishes, related to river regulation,
non-native species, aquaculture, pollution, deforestation, habitat loss, mining and poor management. (a) The Furnas hydroelectric plant (Upper
Parana River Basin); (b) the Lajeado hydroelectric plant (Tocantins River, Amazon Basin); (c) a small dam in the Upper Parana River Basin; (d) water
diversion project to connect the Cantareira and Paraiba do Sul basins; (e) mining activities in the Paraopeba River (S3o Francisco River Basin);

(f) cage aquaculture; and (g) Nile tilapia Oreochromis niloticus raised in the Furnas Reservoir; (h) aquaculture ponds with ornamental non-native
species (Paraiba do Sul River Basin); (i) intensive agriculture surrounding Lajeado Reservoir; (j) loss of riparian vegetation (Upper Tocantins River
Basin); (k) fish stocking in the Upper Parana River Basin; (I) fish ladder at the Lajeado Dam. [Color figure can be viewed at wileyonlinelibrary.com].

introductions, overfishing, pollution, fires, illegal mining and deforest-
ation (e.g. Bovarnick, Alpizar, & Schnell, 2010; Britton & Orsi, 2012;
Killeen, 2011; Lapola et al., 2014; Magalhdes & Vitule, 2013). In this
scenario of multiple stressors, the conservation of fish biodiversity is
not a problem for the future; NFF are currently at stake. Few river

systems remain free of human disturbances, and the structure of fish

assemblages is profoundly changed (Table S1). Several species are
now threatened with extinction (e.g. Noakes & Bouvier, 2013; Reis
et al., 2016), a process with global significance if we consider that NFF
are unique and account for about 30% of all freshwater fish species on
the planet (Lévéque et al., 2008). The sixth mass extinction induced by

human activities, which has exterminated large mammals and island
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species (Ceballos et al., 2015), is upon freshwater fishes. We just
highlight that diversity losses involve dimensions that go beyond spe-

cies extinction, that is genetic erosion, demographic and community

TABLE 3 Actions to improve (i) the use of natural resources, (ii)
management and (iii) policies, with the potential to minimize impacts
or increase the conservation of Neotropical freshwater fishes

(A) Sustainable use of resources

systematic planning to guide hydropower development in watersheds,
giving equal weight to economic, environmental and social dimensions

revise the current plan to expand hydropower dams in the Amazon
basin, restricting the number and distribution according to real
costs and benefits to society

revise the current plan to expand small hydropower plants on
tributaries, reducing their number and distribution, and making
environmental impact studies mandatory

mandatory and permanent monitoring of fish populations in areas
affected by dams and other large-scale projects

revise water diversion projects to include studies on fauna interchange
and the opportunity for alternative measures (e.g. restoration of
wetlands and riparian vegetation)

forbid waterways and other engineering projects (e.g. diversion,
canalization, regulation) in river systems of great ecological
relevance (e.g. Caribe, Andes, Pantanal, Amazonia, Patagonia)

constrain mining activities in river systems, especially those of great
ecological relevance

mandatory sewage stations in every urban area

set programs to improve water reuse in urban areas

develop aquaculture based on principles of sustainability

encourage small-scale aquaculture with native species

encourage pond aquaculture instead of cages

forbid aquaculture activities within protected areas, including the
riparian buffer zone

revise the current plan to expand cage aquaculture in reservoirs

revise the expansion of agribusiness activities over new areas

exclude agribusiness and cattle raising from wetlands, floodplains and
riparian areas

revise the list of pesticides and fertilizers allowed in agribusiness, and
inspect their use

encourage and preserve small-scale, familiar and organic agriculture

diversify energy sources (e.g. solar, wind, biomass)

enhance efficiency in power generation and distribution.

(B) Sound management

create freshwater protected areas (e.g. segments, habitats, rivers or basins)

prioritize the preservation of hydrological connectivity and the natural
flow regime

maintain considerable free-flowing segments and landscape diversity

restore and preserve riparian vegetation

restore and preserve critical habitats for feeding, reproduction and
recruitment

restore and preserve habitats important to migratory, endemic and/or
threatened species

consider fish needs to guide dam operation and water releases

sustain ecological integrity in areas surrounding impoundments

consider technical studies to guide management actions

avoid fish stocking or fish passages without qualified technical support

prioritize adaptive management in altered ecosystems

encourage community-based management in fishery systems

set programs to prevent, control and eradicate non-native species

monitor every management and conservation action

encourage the use of Indexes of Biotic Integrity (IBI)

(Continues)

TABLE 3 (Continued)
(C) Adequate policy

set an administrative framework for balancing economic, environmen-
tal and societal interests in decisionmaking and legislation

set economic policies that take into account environmental consequences
in the short and long term

follow Aichi Biodiversity Targets (Convention on Biological Diversity
2012)

set efforts to implement international conservation programs

set mechanisms to avoid corruption in development projects,
especially mega-projects

improve communication between decisionmakers and scientists

encourage scientists to make scientific knowledge accessible to
society

create consulting scientific committees to advice prosecutors and
different spheres of governance (i.e. legislative, executive and
judicial)

enact legislation based on the Precautionary Principle

improve the technical quality of private and public agencies responsi-
ble for environmental impact studies, inspection and monitoring

improve the scientific quality of environmental impact studies
(EIA-RIMA)

assure the correct and unbiased action of agencies responsible for
environmental licensing and inspection

apply risk and contingency analyses to evaluate development projects

apply the Polluter Pays Principle

fund research to improve the use of alternative energy sources
(e.g. solar, wind, biomass, tide, hydrogen)

fiscal incentives for the use of sustainable energy sources

fiscal incentives for the preservation and restoration of springs,
headwaters and riparian zones

fiscal incentives for land owners and municipalities to maintain
protected areas

create a research centre on biological invasions in Latin America

provide environmental education at all levels of formal education.

changes, local extirpations, the loss of traits, ecological relationships,
functions and ecosystem services (Costa-Pereira & Galetti, 2015;
Freeman, Pringle, Greathouse, & Freeman, 2003; Hoeinghaus et al.,
2009; Leitdo etal., 2016; Toussaint et al., 2016; Vitule, Agostinho
et al.,, 2017). In this sense, Neotropical fish diversity is currently de-
clining and eroded in multiple facets.

These high-impact activities have immediate positive effects
on national economies, and this is the reason why policies rely on
them. Countries in Latin America have proposed strategic actions
to accelerate economic growth (e.g. Alcorn et al., 2010; Anderson
et al.,, 2006; Bellfield, 2015; Bernard et al., 2014; Castello & Macedo,
2015; Cremers et al., 2013; Finer & Jenkins, 2012; Harer et al., 2016;
Killeen, 2011; Lapola et al., 2014; Lees et al., 2016; Valladao et al.,
2016), and some countries (e.g. Brazil) became leading economies
among emerging nations. Authorities, however, neglect long-term
sustainability and costs related to the loss of biodiversity and natural
capital. A critical aspect is that countries follow deficient regulatory
approaches and legal frameworks, that is poor environmental plan-
ning, assessments, licensing and monitoring. Decisionmaking for new
projects, for example, is heavily biased towards short-term economic
returns or benefits directed to specific sectors (e.g. banks, big com-
panies, monopolies, politicians), often with little relevance to social
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well-being and long-term development (Alcorn et al., 2010; Fearnside,
2016b). The licensing process, although austere in some countries, is
deficient because authorities usually fail to balance costs and bene-
fits in both economic and environmental dimensions, particularly for
mega-projects (Huete-Perez et al., 2013; Killeen, 2011; Winemiller
et al., 2016). High-impact activities have been approved even in cases
where important ecosystem services were impaired and social return
was low. The approval of large dams in the Amazon River Basin (e.g.
Vera Cruz, Chadin 2 and Belo Monte), for example, was conceded
under social and environmental conflicts, and based on poor scientific
assessments (Lees et al., 2016; Sabaj-Pérez, 2015). The monitoring
of human activities is another weak aspect, usually insufficient, pre-
carious or absent (Magalh3es & Vitule, 2013); impacts remain poorly
evaluated or even unknown. The breaching of mine tailing dams in
the Rio Doce Valley (Escobar, 2015), for example, could be avoided
with periodic inspection of wastes and contention dams (Meira et al.,
2016). Therefore, Neotropical freshwater ecosystems are vulnerable
to an increasing number of threats because national policies desire
rapid economic development, and legislation and development frame-
works are permissive in terms of supporting unsustainable activities.
These countries, consequently, are unable to find a balance between
economic growth and the preservation of natural capital (Bovarnick
et al., 2010; Esselman et al., 2012; Lees et al., 2016).

While threats are increasingly unabated, few and controversial
conservation measures (e.g. stocking and fish passages) have been put
forth to preserve fish biodiversity. Better alternatives exist (Table 3),
such as the implementation of freshwater protected areas, the res-
toration of freshwater ecosystems and the preservation of riparian
forests. Such actions, however, have received little support from au-
thorities. Protected areas, for example, have been biased towards
terrestrial ecosystems (Abell, Allan, & Lehner, 2007), and there is no
river (or basin) in the Neotropical region that is substantially protected
(e.g. Rodriguez-Olarte, Taphorn, & Lobon-Cervia, 2011); river resto-
ration is similarly incipient, and has not sought to re-establish flow
regimes, connectivity and key habitats. The preservation of riparian
forests also faces significant difficulties. While legislation have histor-
ically demanded their protection, conservation practices are poor and
commonly ignored by landowners; in addition, recent legislation have
weakened conservation demands (Fearnside, 2016a; Nazareno et al.,
2011). Principles of integrated fishery management (e.g. engagement
of local people, multiple stock assessments, no-take areas, control of
commercial fleets) have also been overlooked, even though this man-
agement has beneficial effects on the preservation of fishery stocks
(e.g. Sarstoon-Temash National Park, Belize; Pacaya-Samiria National
Reserve, Peru; Mamiraud Reserve, Brazil; Gerstner etal., 2006;
Esselman et al., 2012; Hurd et al., 2016). On the contrary, authorities
have encouraged traditional fishers to become fish farmers (Agostinho,
Gomes et al., 2007; Lima et al., 2016), as rivers are impounded and cage
aquaculture grows exponentially. The point is that policy makers have
consistently ignored ecological knowledge and genuine conservation
actions in decisionmaking and legislation (Azevedo-Santos et al., 2017;
Ferreira et al., 2014; Pelicice et al., 2014). This negligence probably has
many roots, but overall ignorance and misinformation (Azevedo-Santos
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et al., 2015), a strong economic bias, together with private interests
and systematic corruption (Fearnside, 2016a; Winemiller et al., 2016),
play complimentary roles. Better alternatives must be sought imme-
diately (e.g. Table 3), especially because they are complex, large-scale,
demand careful planning and their results appear only in the long term.
Furthermore, they demand the commitment of different social agen-
cies (e.g. lawmakers, managers, educators, citizens and traditional peo-
ple) and, because some river systems cross national boundaries (e.g.
Hondo, Sarstoon, Usumacinta, Amazon, La Plata, Pilcomayo), conserva-
tion initiatives will demand international cooperation. Compliance with
the Aichi Biodiversity Targets (Convention of Biological Diversity) is a
much-needed starting point, especially because all activities listed in
Table 1 are in disagreement with many targets.

The current situation demands a profound behavioural shift to-
wards better practices and policies (Table 2), or these high-impact ac-
tivities will erode biodiversity and impair essential ecosystem services,
jeopardizing human activities in the long run (Mooney, 2010). If society
isworried about the perpetuation of NFF, people must understand that
the current modus operandi of human development is incompatible with
the persistence of natural freshwater ecosystems, and that no simple
solution is available to correct or minimize its effects. We hope that
this message reaches researchers and authorities in Latin America (and
beyond), and initiates a discussion on the future of freshwater fishes,
especially because these countries hold a high diversity and share
similar environmental conflicts. In this sense, ecologists and conser-
vationists must tear down the ivory tower and fill the communication
gap between authorities/society and scientific knowledge, so policies
that combine true social development with legitimate environmen-
tal concerns are proposed (Azevedo-Santos et al., 2017). Otherwise,
Neotropical fish biodiversity will undergo irreversible losses.
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