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2. Overcoming this bias requires increasing exchange of information among
stakeholders across the basin to raise awareness of threats to Amazon freshwater
ecosystems and promote discussions and access to conservation solutions. To
help address this need, this Special Issue collates 15 synthetic articles that
advance knowledge and identify conservation solutions.

3. Three articles highlight the importance of considering the hydrological and
limnological processes that control the integrity of these freshwater ecosystems
and offer new insights on how to extrapolate them across the basin.

4. Three articles on crocodilians, aquatic mammals, and migratory fishes document
threats and knowledge gaps, and identify the missing role of governments as an
impediment to conservation of their populations.

5. Three articles evaluate the multi-faceted effects of hydropower dams on fish,
birds, and floodplain trees. They reinforce perceptions that dams are key
environmental threats and offer guidance for improving protocols for dam site
selection and impact assessment.

6. Three articles assessing the effectiveness of protected areas to safeguard fish and
aquatic invertebrates show there is an urgent need to redesign the Amazon
protected area network to adequately protect freshwater biota.

7. Three forward-looking articles show that: (i) conservation initiatives by local
communities are ‘bright spots’ for freshwater conservation; (ii) microchemistry
analyses of the ear bones of fishes could boost the knowledge base needed to
conserve them; and (iii) strengthening the Amazon conservation framework
requires a reversal of Brazil's current governmental priorities, remobilization of
stakeholders, investments in capacity building, and expanding protections to

terrestrial and freshwater ecosystems.
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1 | INTRODUCTION

People have tended to settle near streams, rivers, and lakes of the
Amazon Basin for millennia, using freshwater ecosystem resources for
a range of purposes (Roosevelt, 1999). Today, most of the
approximately 30 million Amazonians continue to live on river
margins, although mostly in cities, as they exert a range of pressures
on these ecosystems. Mining (Asner, Llactayp, Tupayachi, &
Luna, 2013), over-harvesting (Albernaz & Ayres, 1999; Castello,
McGrath, & Beck, 2011), land cover change (Coe, Costa, & Soares-
Filho, 2009), and construction of hydropower dams (Winemiller
et al., 2016), among other pressures (e.g. climate change; Costa &
Foley, 1999) are degrading Amazon freshwater ecosystems at
unprecedented rates (Castello & Macedo, 2016).

Mainstream scientific and managerial efforts have responded to
this situation by working to curb deforestation in terrestrial
ecosystems (Laurance et al., 2001; Soares-Filho et al., 2006). Led by a
range of stakeholder partnerships, those efforts have produced a
network of ‘terrestrial’ protected areas that leaves Amazonian rivers,
lakes, and wetlands largely vulnerable to human impacts (Castello
et al., 2013). Unlike terrestrial ecosystems, which can be split into
somewhat self-sustaining subunits (e.g. protected areas), freshwater
ecosystems are directly connected to, and integral components of, the
water cycle, requiring a basin-wide conservation framework.

The wvulnerability and conservation of Amazon freshwater
ecosystems are increasingly understood. Recent studies have assessed
the impacts of invasive species (Pelicice, Vitule, Lima Junior, Orsi, &
Agostinho, 2014), gold mining (Asner et al, 2013), energy
development (Anderson et al., 2019; Azevedo-Santos et al., 2016),
climate change (Herrera-R et al., 2020; Sorribas et al., 2016), and
hydropower development (Anderson et al., 2018; Latrubesse
et al, 2017; Timpe & Kaplan, 2017), among other threats. Recent
research has also identified requirements and possible approaches to
conserve Amazon freshwater ecosystems (Castello & Macedo, 2016).
As the knowledge needed to conserve Amazon freshwater ecosystems

grows, the ability of science to affect policy needs scrutiny.

2 | BIASED CONSERVATION

The ability of freshwater ecosystem science to shape policy in the
Amazon can be assessed with respect to the Amazon's main
conservation advance. The concept of integrated river basin
management, which has existed since at least the 1930s, establishes
river catchment areas as operational landscape units for planning and
execution of environmental management (Barrow, 1998). This
concept was prominently called for by the 1992 Dublin Conference
on Water and the Environment and the 1992 UN Conference on
Environment and Development. However, in the years after 1992,
hundreds of protected areas (sensu Soares-Filho et al., 2010) were
implemented in the Amazon, creating the world's largest network of
protected areas for a tropical forest. These protected areas were

designed largely based on the biogeography of terrestrial taxa (Peres

& Terborgh, 1995), limiting their ability to protect freshwater
Piedade, and

Soares (2000) comprehensively assessed and identified management

ecosystems. In another example, Junk, Ohly,
options for Amazon floodplain resources, with few of their
management recommendations having affected policy at the local or
basin level. Such lack of uptake of science by policy processes is
difficult to comprehend, but it can be explained by a terrestrial bias in
conservation that has been observed worldwide. Terrestrial biases
have led to marginalization of several freshwater ecosystem issues,
including fisheries (Welcomme et al, 2010), biodiversity (Reid
et al, 2019), protected area design (Abell, Allan, & Lehner, 2007),
conservation priorities (Brooks et al, 2006), and systematic
conservation assessments (Nel et al., 2007), among others.

Conventional explanations for this lack of uptake of freshwater
science have been articulated mostly in terms of poor communication
of scientific information to the public (Cooke et al., 2013) and
ineffective mechanisms for science to inform decision-making
(Azevedo-Santos et al., 2017). While science communication to the
public and decision-making processes are important, other issues are
probably at play in the Amazon. One is that conservation of terrestrial
environments is more attractive because it can be done by locating
protected areas away from ‘hot’ problem areas in freshwater
ecosystems that tend to have higher human populations densities.
Evidence of freshwater ecosystem impacts is also likely to be ignored
because addressing them requires long-term, basin-wide approaches,
which can scare off soft-money conservation initiatives that typically
have to produce results in the short term. There is also the possibility
that policy makers and conservationists lean towards addressing
problems that people can see rather than problems under water that
are mostly invisible to the (untrained) human eye (Richter, Braun,
Mendelson, & Master, 1997). This last form of bias can be important,
as some of the most successful conservation campaigns such as ‘Save
the Whales’ (Worldwide Fund for Nature, 2021) have relied on
emotional appeals, often of charismatic megafauna.

The marginalization of Amazon freshwater ecosystems from
mainstream conservation has produced a disconnect between threats
to Amazon terrestrial and freshwater ecosystems and efforts to
conserve them despite available evidence. This implies that new
knowledge on Amazon freshwater ecosystems will not suffice to

foster their conservation.

3 | TOWARDS SCIENCE-BASED
CONSERVATION

Following recent research on human impacts on Amazon freshwater
ecosystems, there has been ample reporting in the news media
(e.g. Mongabay) of the effects of three large dams that were recently
built in the Brazilian Amazon: the Belo Monte, Jirau, and Santo
Antonio dams. Those studies and news reports should contribute to
calling attention to the need to advance conservation of Amazon
freshwater ecosystems. However, there are still no plans to develop a

basin-wide conservation framework.
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Scientific research and news articles could play a major role in
raising awareness to the urgent need for integrated conservation. To
disseminate more scientific information on Amazon freshwater
ecosystems, it is important to recognize that the basin comprises a
very diverse range of stakeholders, from the general public
(e.g. farmers, Indigenous peoples, urban and riverine populations), to
the private sector (e.g. hydropower companies, non-governmental
organizations), and government agencies (at local, state, federal, and
international levels). Effective communication with this diverse
audience requires an understanding of its many concerns and
interests (Nguyen, Young, & Cooke, 2017) to develop and implement
multi-pronged communication plans.

It is also important to move away from dialogue focused on
either terrestrial or freshwater ecosystem conservation to a view
that acknowledges the interdependence of both and the obvious
need for integrated conservation. In this vein, a recent study
showed that protection of Amazonian freshwater species can be
vastly improved without undermining terrestrial conservation
through relatively minor changes to protected area design to
account for hydrological connectivity (Leal et al., 2020). Given the
relevance of this finding, it should be amply disseminated across
the basin to guide the redesign of protected areas, not to
accommodate economic interests as is often done (Bernard, Penna,
& Araujo, 2014), but to strengthen protection for freshwater
ecosystems.

Finally, there is a need to foster communication and engagement
among stakeholders. The ability of science to produce societal impact
is determined in part by personal interactions among researchers,
stakeholders, and managers (Catalano, Lyons-White, Mills, &
Knight, 2019; Noble & Fulton, 2020), but such interactions are limited
in the Amazon by its large size. Current initiatives to connect
stakeholders  include the  Amazon Cooperation  Treaty
Organization (2021), which binds all Amazonian countries in a
framework for basin-wide collaboration on socio-environmental
issues. The goal of this initiative was recently reinforced through the
signing of the Leticia Pact, which emphasizes international
coordination among Amazonian countries for the exchange of
research, monitoring data, and experiences in conservation. These
initiatives are valuable starting points to foster communication and
engagement among stakeholders, but their capacity would have to be
expanded substantially to meet the challenge at hand. One way to
help achieve this could be through the development of digital
platforms that now allow exchange of knowledge with unparalleled
scale and scope (Faraj, Jarvenpaa, & Majchrzak, 2011). Online
communities for ‘Amazon Conservation’ could allow researchers, the
public, and other key stakeholders to exchange information and
experiences, and to discuss key issues. The multitude of stakeholders
could be organized in multiple, hierarchical levels of community
groups following the Basin's catchment areas. Such online
communities would not replace personal or other forms of interaction,
but communication and engagement among stakeholders s
indispensable for building the community that should be responsible

ultimately for the fate of the Amazon.

4 |
ISSUE

THE CONTRIBUTION OF THIS SPECIAL

This Special Issue makes a small contribution to correct some of the
misleading perceptions of environmental problems in the Amazon and
develop an integrated, basin-wide conservation framework. It collates
15 studies that advance knowledge on key issues, draw attention to a
developing crisis, and identify conservation solutions. In the text that
follows, author citations are given without dates as the 15 articles

form the contents of this Special Issue, published in 2021.

4.1 | Hydrology and limnology

Three articles identify characteristics of the hydrology and limnology
of Amazon freshwater ecosystems that deserve consideration in
attempts to understand human impacts. This is key as too often
characterizations of water flows and biogeochemical processes in
these systems have been oversimplified. Siddiqui et al. show that
even though Amazon river flows exhibit huge variability across rivers,
they can be grouped in a few classes that provide insights into
riverine functions and facilitate prediction of human impacts. Melack
and Coe demonstrate that floodplain hydrology depends not only on
seasonal flood pulses but also on local catchment inputs, with both
being modulated by climatic conditions at different spatial and
temporal scales. They describe modelling and remote sensing tools
that can inform conservation research and policy making. Melack,
Kasper, Amaral, Barbosa, and Forsberg describe the physical aspects,
hydrological inputs, and processes regulating limnological processes in
floodplain lakes, emphasizing that the complexity and variability of
these systems have yet to be adequately considered in conservation
efforts. These three articles make the case for increasing
consideration of the underlying processes that control the integrity of
freshwater ecosystems in any location in the basin, and offer insights

to extrapolate them across the basin.

4.2 | Conservation of animals

Three articles assess threats to and conservation of crocodilians
(Marioni et al.), aquatic mammals (Brum et al.), and migratory fishes
(Duponchelle et al.). These articles show that many species in these
groups perform bottom-up and top-down control of ecosystem
processes, but that these animal groups are threatened by over-
harvesting, loss of habitat connectivity, and habitat degradation.
Aquatic mammals appear to be the most threatened group, followed by
crocodilians and migratory fishes. These articles also show that
although the biology and ecology of these species are generally
understood, assumptions about them often do not survive scrutiny in
attempts to predict their responses to human impacts. This limited
knowledge limits detection of ecosystem effects induced by their
population declines, which in some cases (e.g. manatees, Arapaima spp.)

have been substantial. Although protected areas and community-based
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initiatives are key forms of protection for some of them, these articles
identify the missing role of government agencies as a major
impediment to their conservation. Exacerbating data deficits, shortages
in governmental human and financial resources too often leave these

animals wholly unprotected, even when simple measures would suffice.

43 | Hydropower dams

Three articles assess the ecological effects of hydropower dams.
Vasconcelos, Alves, da Camara, and Hahn show that the density of fish
eggs and larvae in a dammed river is about half of that in a free-flowing
river with almost identical limnological characteristics. Schongart et al.
show that attenuation of river flood pulses induced by a dam caused
large-scale tree mortality at the higher and lower elevations of
downstream floodplains. This in turn made those forests vulnerable to
wildfires and susceptible to colonization by tree species from the
adjacent uplands. Latrubesse et al. show that if currently planned dams
are built without adequate consideration of the balance of energy
production and environmental conservation, they will severely affect
Amazonian riverine biodiversity, habitats, and hydromorphology,
particularly in Andean rivers. By showing the multi-faced and far-
reaching effects of dams, these articles reinforce growing perceptions
that dams are serious threats to the Amazon. They also provide new
information to improve current protocols used to select sites for dam
construction and assess their impacts.

44 | Protected areas

Three articles assess the effectiveness of protected areas to safeguard
aquatic biota. Brasil et al. show that only about 30% of Odonata
species in the Brazilian Amazon have distribution ranges that fall
within the boundaries of existing protected areas, which leaves most
Odonata species vulnerable to growing impacts. Frederico et al.
estimate that about 34% of fish species in the Amazon could be
adversely affected by climate change. Whereas protected areas cover
the minimum required range for the persistence of about 60% of the
species, over 25% of those are in the central and lower Basin regions
where there are strong human pressures and few protected areas.
Dagosta, de Pinna, Peres, and Tagliacollo identify 10 bioregions of
freshwater fish distribution in the Basin. Those fish distribution
patterns do not match those of terrestrial organisms or those of
protected areas. Regions with high endemism of fish species tend to
have many hydropower dams. These articles show an urgent need to

redesign the Amazon protected area network.

4.5 | Solutions to advancing freshwater
conservation

Three articles identify overlooked issues that can change perceptions

of how conservation could be advanced in these ecosystems.

Lopes et al. show that participatory initiatives led by local
communities promote many conservation objectives while improving
social justice through gender equality, sharing of economic benefits,
and prevention of power grabbing in decision-making and resource
access. Similar to the role played by local people in establishing
protected areas, these riverine initiatives lay the foundations on
which future conservation efforts can be built.

Hermann et al. assess the use of microchemistry analyses of fish
otoliths (i.e. ear bones) to boost understanding of the life cycles of
Amazonian fishes. The authors show that otolith microchemistry is
much more cost-effective than conventional methods to study fish
ecology, but its potential to foster conservation requires overcoming
bottlenecks in key data, information, and funding.

In closing the Special Issue, Pelicice and Castello discuss the
continuing dismantling of the Amazon conservation framework.
Although it is widely considered that Bolsonaro's Brazilian
government has inflicted major damage to Amazon conservation, the
authors show that the extent to which it has undermined decades of
institutional and policy development has been immense. The status
qguo in Amazon conservation is not entirely due to Bolsonaro's
government, but rather the result of a trend of deteriorating
environmental policy that began in the 2000s. They conclude that
strengthening the Amazon conservation framework requires a
reversal of Brazil's current governmental priorities, remobilization of
stakeholders, investments in capacity building, and expanding
protections to terrestrial and freshwater ecosystems.
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