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Abstract

The Amazon basin is an important region and intriguing in terms of freshwater fish diversity. Traditional methods have
been essential in knowledge the species diversity, but new methods are fundamental to the biodiversity monitoring. The
environmental DNA is a novel, sensitive, efficient, and effective and no invasive method in biological research, but their
sensitivity has not yet been fully evaluated, and the probability of detecting species at the site of study has been shown to be
dependent of a genetic database, species distribution, and of environmental factors. Thus, some factors need to be clarified to
aroutine application of eDNA method in the Amazon basin, and that their results can contribute in public and environmental
policies in the region.
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Why Preserve the Amazonian Ichthyofauna?

Global environmental transformations and the
preservation Amazonian tropical forest and their biodiversity
(see Glossary) has become a central theme in the debates
about climate and environmental change across the world
[1,2]. But not only forests, more also water resources are of
great ecological and environmental importance to region
(e.g., a quarter of the world’s freshwater is in the Brazilian
Amazon), as well as its ichthyological richness that is food
base to the Amazonian peoples. To the worldwide population
(>7 billion people) the fish is an important and essential
element in the economy and have been the main feed of
many people [3]. Junk et al. [4] have report that despite the
clear dependency of the human population by the fisheries
resources, governments have failed to develop strategies
and methods for sustainable management of their aquatic
ecosystems, and their protection therefore generally not is
considered in the planning of large development projects,
which inevitably pose serious risks to the integrity of aquatic
ecosystems and the maintenance of aquatic biodiversity
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(e.g., Belo Monte Hydroelectric Power Plant in the Rio Xingu,
Par4a, Brazil).

Surprisingly the ichthyofauna marine and freshwater of
South America is a of the most diverse on Earth, and with
estimates above 9,100 species, thatis about 27.0% of all fishes
worldwide (35,000 fish species described) [5,6]. According
to Tedesco et al. [7], there are about 14,953 fish species
inhabiting permanently or occasionally the freshwater
systems to the world, and that is a disproportionately highly
fraction of the global fish diversity considering the small
proportion of the earth’s surface that they occupy. In the
Brazilian territory, only the Amazon hydrographic basin
has an area of drainage with 5.8 millions km? [8], and their
water are rich in number of fish species (Box 1), with more
than 3,000 known species (2,072 would be species endemic)
and distributed by basal goups up to the more specialized
ones [9,10]. However, this high diversity of species still can
be bigger, when mentioned the new species that are being
discovered and described, increasing the endemic species
number in the region.
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Box 1: Ichthyofauna Surveys in Tributaries in the Brazilian

Amazon.
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Among vertebrates, fish are one of the most diverse
groups, and the freshwater fish occur only in less than
0.003% (by volume) of the world’s aquatic ecosystems [11].
The number of fish species in Brazilian continental aquatic
ecosystems is still inaccurate and difficult to estimate, but by
far the Amazonian aquatic ecosystems are the most diverse
(Figure I). The Brazil is considered a leader in freshwater fish
numbers, and only in the Brazilian Amazon are estimated
+3,000 species with high rates of endemism [9,10]. Estimates
indicate that 30 to 40% of neotropical freshwater continental
fish fauna have not yet been described [5,9,12], and these
estimates are reinforced when we take into account that
approximately 400 new species of fish have been described
in the last decade in continental waters [11]. For Piorski et
al. [13], itis highly important to understand how neotropical
freshwater fish biodiversity, in specially Amazonian, is
generated and maintained, as habitats are being transformed
by human development and fish communities have been
intensively exploited as a sustaining food for population
growth. Thus, the use of new methods for the monitoring of
the Amazonian ichthyofauna is necessary, and the classical
and new methods (e.g., environmental DNA; see Figure 1)
will be essential for a more accurate and efficient estimation,
with the aquactic environment changes caused by man.

The eDNA is a non-invasive method and is available as an
monitoring tool for wildlife.

Mid-1992, the Conference of the United Nations on
Environment and Development was realized in Rio de
Janeiro, Brazil, to discuss the sustainable of the global
biodiversity ant its conservation for future generations,
and in this meeting the participating countries signed to
Convention on Biological Diversity (CBD) [14]. Unfortunately,
the signing of the CBD not is a guarantee that participatin
countries will create clear public policies, and that would
bar the risks of lost of the global biodiversity. However, what
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happens is that countries that do not have a public policy
aimed at maintaining and conserving their biodiversity, have
registered an increase in the number of extinction threatened
species. In this context, it as become essential and necessary
to apply new methods that are efficient in the monitoring
local biodiversity, and that can assist in the public policies
aimed at the conservation of priority areas, as well as protect
our extinction threatened species.

( N\

Figure 1: Monitoring method of the fish presence or
absence through environmental DNA (eDNA) analysis
from water samples.
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Here we approache subjectively the challenges on the
use environmental DNA in the monitoring of fishe species
in the Brazilian Amazon, and how it can improve monitoring
programs and bring feedback for the public policies. Our
primary aim is to show the challenges in the application
of eDNA on the survey and monitoring Amazonian aquatic
biodiversity, and as its use can collaborate in decision-
making in the environmental policies for the management
and conservation of our fishery resources.

Distribution Patterns and the Conventional
Methods for Estimated the Fish Biodiversity

Some studies have shown that the distribution of fish
species in rivers has following ecological traits in associated
with the preference of the environmental conditions
requerid to the species, and this has been well documented
in literature. This shows that changes to the availability of
preferred habitat units (as waterfalls, streams, lakes, lagoos,
and igarapés) has contributed to shifts in the functional
composition of fish communities and in the diversity due
to species-specific and trait-environment interactions [15].
Other studies also approached on the importance of climate
in regulating population sizes across a species geographical
range in aquatic taxa [16], and as the warming of waters
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can influenced in the distribution of organisms that live in
freshwater environment [17]. In the Amazonian region, we
highlight also flood pulses (Box 2) influence on the fish
distribution in rivers, due main to the annual cycles of flood
and ebb in the floodplains areas.

( )

Box 2: Flood Pulses in Amazon Basin.
\\ J

(Figure 1) Flood period in a Rio Negro tributary
(Photograph: Larissa Matos). In floodplains areas, only the
tops of the tallest trees are not submerged with rising waters
during the flood pulses. The lower areas form a huge flood
area that can stay submerged for up to 6 months before the
waters return to the main river, and form important feeding
and breeding areas to fish species.

Amazon basin seasonally fluctuating water levels are
known as ‘flood pulses’, and promote high rates of biological
production and drive the fish biodiversity in Amazon. There
over, the flood pulses influence in the rising (Figure 1) and
declining water levels, as well as in the dynamics of fish
populations in the Amazonian rivers that migrated laterally
out of river channels to the areas flooded floodplains [18,19].
The effects climate changes in the Amazon region also can
cause changes in precipitation and regional hydrological
regime, affected the flood pulses and the fishes species
reproductive success [20]. However, the areas seasonally
floodplain formed by white water rivers are known of varzeas,
and the formed by black water rivers are known of igapds,
and these environment seasonally change in direction,
changing also the local landscape and the distribution of fish
species. To Alsdorf et al. [21], the temporal changes in flood
water heights are more complex than typically assumed,
and affected also the flow of some rivers. It’s clear that flood
pulses are responsible for the distribution of fish species
in Amazonian water bodies, and this will also have a direct
impact on environmental DNA “eDNA” studies (changes in
eDNA concentrations).
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In general, the ecological processes are directly related to
the spatial and temporal patterns in the species distribution,
and thus some conservation plans has require more accurate
estimates on spatial distribution of the species that if
intended to protect [22]. On the other hand, the temporal
patterns shown to be more interesting to the future trends
in the species distribution and of the local biodiversity
when compared to the spatial patterns [23,24]. Thus,
accurate results on the spatial and temporal distribution
of fish communities, we will need to carefully evaluate the
methods used for these purposes, as well as verified the
effects of the biotic and abiotic factors on the distribution of
the species. Therefore, only with robust and reliable results
in the monitoring of local biodiversity, will to be possible
use the data to the making decision and implement public
policies aimed at the conservation and preservation of local
biodiversity.

To this, a variety of sampling methods are used for
monitoring and estimative the fish biodiversity (e.g., seine
nets, boat electro fishers, hoop nets, Windermere traps,
trap nets, and minnow traps; see Lapointe and Corkum
[25]), and studies have showed that only some fish taxa
are selected to one habitat type and sampling method [26],
generating gaps in the surveys data. On the other hand, the
traditional methods have significantly contributed to the
knowledge of the ichthyofauna of the Brasilian Amazonian,
but these methods are selective in relation to the species,
and therefore do not cover the real diversity [27]. In tropical
freshwater ecosystems the fishes assemblages contain
dozens of species, and their observation ends up being
limited by water turbidity, depth and rivers water velocity
[28]. Thus, the applied of new method has been essential to
biodiversity monitoring, and the environmental DNA (eDNA)
method has shown promise in the monitoring and estimative
aquatic biodiversity, and their results show to be similar to
the found with the traditional fisheries capture methods
[29]. However, in order to be able to accurately compare the
eDNA method with the classical collection methods, a local
genetic database (target-gene or mitogenome) for verified
the species that occur in the studied areas is necessary, and
their temporal and spatial distributions.

The Use of the Environmental DNA in the
Fish Biodiversity Monitoring

The biodiversity monitoring and assessment are
essential to ensure a healthy aquatic environment, mainly
with the increasing human activity and the use of their
natural resources in the Brazilian amazonian. However, the
use traditional biodiversity methods is costly and they often
employ traditional morphology-based taxonomy, which
requires a taxonomic expert to manually identify individual
organisms captured in the studied areas [30]. However,
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these methods have left gaps in the actual estimate of local
biodiversity, be they for the temporal or spatial distribution
data.

The environmental DNA (eDNA) it's been a novel,
sensitive, efficient, effective and noninvasive method in the
biological biodiversity monitoring [31], and have enabled up
a whole range of taxonomic groups across large geographical
regions for study [32]. The technique is based on the capture
of eDNA in environmental samples (water, soil, air, and ice
cores) and genetic analysis of metabarcoding eDNA (Figure
1) and quantitative PCR (qPCR) data [33,34]. Some studies
have attributes particularities to eDNA analyses making
this technique an important tool also to elucidate the
evolutionary and ecological processes in fish communities
[35]. Nonetheless, their application is still considered as
recent in the monitoring and distribution of indigenous
and non-indigenous species [36,37]. On the other hand,
the sensitivity of the eDNA method has not yet been fully
evaluated, and the probability of detecting the target-
DNA at the site of study has been shown to be dependent
on the concentration and dispersion of eDNA molecules
[38], persistence of eDNA in the aquatic environment [39],
preservation of the filters until the time of analysis [40], and
the several methods of eDNA extracting [41].

Faced with this, becomes evident the need for the
standardization of eDNA method for new areas is evident,
and in the case of the Amazon Basin, some factors will
have to be overcome, as: (1) the water types and their
peculiarities (black, clear, and white waters; see Junk et al.
[4]); (2) their hydrographic basin of continental size; (3) the
high fish species diversity (known and unknown), (4) the
influence of flood pulses on ichthyofauna distribution, and
(5) the presence of areas still untouched to man. The high
fish species diversity can been considered a factor negative
when comparing with other aquatic ecosystems of the
world, mainly by the ausence of robust genetic database
for the our species, which would make it difficult to apply
the eDNA method more efficiently. According to Ravindran
[32], at the moment only about 15% of the Amazonian fish
species that we find can be given a name (species that have
some genetic information in international databases, e.g.,
NCBI, MitoFish, and BOLD). Moreover, many areas in the
Brazilian Amazon still are untouched by the man, which
would increase the possibility of finding new species of fish
not yet were cataloged by science, and that probably already
are endangered species due the climate change and high
endesmism rate in the region.

Therefore, studies have shows that the eDNA technique
is highly sensitive to detection of species in stationary
waters is becoming increasingly clear its application, in the
opposite way studies in running water are still necessary due
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to the controversial results obtained [42,43]. Even so, the
application of eDNA are especially promising in rivers, where
eDNA can integrate information efficient about populations
upstream [44], but we have to emphasize that the rivers of
the Brazilian Amazonian are oceans true when compared to
other rivers, mainly in the flood periods (Box 2). An important
study accomplished by Cilleros et al. [28], has shown that the
fish assemblage compositions in different drainage basins
in the French Guiana (area of the Amazon basin) was better
discriminated with the use metabarcoding eDNA, revealing
that while traditional methods provide a more complete,
however spatially limited inventory, metabarcoding provides
a more partial and but spatially extensive inventory. On
the other hand, some studies show that the comparison
to conventional ecological techniques and the eDNA in the
estimating population sizes, still doesn’t necessarily reflect
its abundance in the environment, making it difficult to
translate a PCR result into population estimates real [32]. To
Carraro et al. [45], we still currently lack a method to extract
quantitative information about the location and density of
populations contributes with the eDNA signal.

Thus, great efforts will be necessary for the eDNA method
to be routinely applied in areas of the Amazon basin, and for
its results to contribute to the environmental policies in the
region. Following this path, several research centres in the
Brazilian Amazon started to apply the eDNA method, but as
previously mentioned, some challenges have to be overcome
so that the results obtained can be used future in public
policy, being the main challenge the construction of a local
genetic database.

Genetic Database for the Amazon Basin Fish

Global databases on fishes lack fish diversity information
at regional scale of a country, and the databases are today
essential part of the biodiversity science and have been used
widely in locan and region biological research [46]. Despite
the high diversity of fish species in the Brazilian Amazon,
only some species have any genetic information contained
in international databases. But it is noteworthy that the
most information present in these databases are partials
and therefore incomplete. Overall, are few Amazonian fish
species that have their complete nuclear and mitochondrial
genomes.

Ontheotherhand,the DNAhigh-throughputsequencing
based strategies require good reference databases, and the
taxonomic specialists are still required to build the reference
databases against which eDNA is matched be to identify
species [32]. Thus, the field collection to capture specimens
for knowledge of local biodiversity with the use traditional
capture methods, ichthyology collections and museums are
still crucial sources for obtaining biological materials for
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the genome or mitogenome sequecing of the ichthyofauna
of the Amazon basin. When complete mitochondrial
genome sequencing is not possible, we recommend partial
or complete sequencing of taxonomic marker genes (e.g.,
Cytochrome c oxidase subunit I (COI), cytochrome b (Cyt-b),
12S ribosomal RNA (12S rRNA), and 16S ribosomal RNA
(16S rRNA)).

Given this, the creation of platform for sharing fish
genomic and mitochondrial sequences has facilitated the
access of high-performance computational resources for
genome and mitogenome data analyses. Today, the main
genetic databases are available in the World Wide Web
domain (see FisOmics [47]; MitoFish [48,49]; FishTrace
[50]; Fish Mitogenome Resource (FMiR) [51]; Barcode of
Life Database System (BOLD) [52]; and National Centre
for Biotechnology Information (NCBI) RefSeq database
[53]). However, it will also be very important to create local
platforms for eDNA work, especially in areas that are highly
diverse in number of species, as is the case of the Amazon
basin.

Challenges and the use eDNA in decision-
making

The use of new methods for monitoring global
biodiversity has made eDNA a promising method for
biodiversity studies, but their use in environmental policies
is not yet certain. Nowadays, there is an urgent need to
develop new tool biological assessment tools that can provide
baseline information and rapidly identify change in the local
biodiversity and that can been applied in environmental
policies [54]. And in this context, the eDNA method shown to
be an important tool and with enormous potential for use in
environmental policy of conservation and protection of local
biodiversity.

On the other hand, we need to recognize that a regulated
framework for the validation ofeDNA-based methodsneedsto
be established to enable decision-makers to have confidence
in applying these method. Despite its recent development,
the eDNA method will continue to influence careers and
policies for years to come, and it will be paramount to ensure
collaboration is maintained between investigation bodies
and public policy sectors the to put effort into conveying
the importance of such findings to the public and the
managers to decision-making [55]. The eDNA method brings
together several fields for the assessment of communities
for purposes ranging from ecosystem restoration to human
health, making it extremely versatile and vital to the future
of molecular research and public policies [54].

In general, all decisions are based on the decision maker’s
values, and the science can and should help decision makers
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by shaping their values and beliefs to make better decisions
[56]. The author still points out that unfortunately, science
is not easily accessible to decision makers, and scientists
often do not understand decision makers’ information needs.
Therefore, it is important that both scientists and managers
are willing to be actors in the complex process of proposing
and applying public policies that are beneficial to society
and the environment (Figure 2). Nowadays, the greatest
example of complexity between science and decision makers
(managers) are the climate change (scientific knowledge)
and the proposals to minimize its effects on land (public or
environmental policies).

( N\

Figure 2: Framework model for linking decisions to
specific scientific knowledge through of beliefs and values

(Adapted from von Winterfeldt [56]).
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The present model can be exercised without any
reference to science at all, merely by using a decision maker’s
beliefs and values, whether they are informed by science
or not. To von Winterfelt (2013), the bayesian statisticians
and analysts take it for granted that beliefs are up-dated by
information and that expert opinions matter when revising
beliefs. Therefore, specific scientific knowledge - through
established scientific facts or expert opinion (eDNA, blue
arrow) - can and should influence the beliefs and values of
decision makers (green arrow).

Concluding Remarks

In general, for an accurate application of eDNA in
Amazonian aquatic environments, it is necessary to fill in
some gaps about the method that need to be better studied
before being applied routinely in the region. One of the
larger challenges will be to expand the genetic database
with information’s of genomes mitochondria is or the
complete sequencing of mitochondrial target-genes (12,
16S, COI and Cytb) of the fishes species of the Amazon
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basin. However, the traditional fisheries capture methods,
museums, and ichthyologic collections of the Amazonian
region will be essential to achieve the goal of construct a
local genetic database to the eDNA studies. Another point
will be to establish a standardization of the eDNA method for
the activities laboratorial and field, the that can contribute
to efficiency and improvement of the technique for the
aquatic environments of the Amazon basin. There over, it
will be necessary for the information generated by the eDNA
method to be transmitted to decision makers and that they
to make decisions that strengthen environmental policies
in the Amazon region. To this, we have to make scientific
knowledge accessible to decision makers, and scientists will
play a key role in translating the information generated so
that managers can make the right decisions with the reality
of the moment.

Glossary

Biodiversity: is defined by the Convention on Biological
Diversity (CBD) as the variability of living organisms from all
sources, including but not limited to terrestrial, marine and
other aquatic ecosystems and the ecological complexes that
are part of them; further comprising diversity within species,
between species and ecosystems.

Endemic species: these are species that occur naturally in a
specific region, that is, are exclusive species and do not occur
outside of your specific regions.

Environmental DNA (eDNA): is the sum of all DNA molecules
isolated from water, sediments or any other substrate.

Fish communities: fish species composition or diversity
that are influenced by the distribution patterns and that
reflect the availability of the resources and their biological
interactions between species, meeting social and economic
needed.

Flood pulses: it is the hydrological characteristics of the
river (biologic and biogeochemical processes), its drainage
basin and its floodplain, which periodically receive a input or
lateral exchange of the river waters and its floodplains as well
as the exchanges between the terrestrial phases (ebb/dry)
and aquatic (flood/crowded), being of particular interest in
the Amazon region those associated with rivers and lakes.
Genetic database: they are platforms where nuclear and
mitochondrial DNA sequences from sequenced prokaryotes
and eukaryotes (species level) samples are stored and made
available for search by anyone.
High-throughputsequencing: the simultaneous sequencing
of millions of DNA fragments.

Hydrographic basin: set of lands where water is collected
for a main river and its tributaries; in a watershed, water
flows from springs to lower points, forming waterfalls,
streams and lakes that create a main river.

Indigenous species: occurs naturally in a given ecosystem
or region, that is, lives and grows within its natural limits
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including its potential areas of dispersal.

Metabarcoding eDNA: high-throughput sequencing of PCR-
amplified taxonomic marker genes that characterizes eDNA
of multiple species from a single sample.

Non-indigenous species: when a species does not inhabit
its natural local, that is, when it was introduced by man in a
certain local, then this species is considered an exotic species
for that local.

Taxonomic marker genes: genes regularly used in
taxonomic identification [e.g., cytochrome c oxidase subunit
I (COI), cytochrome b (Cyt-b), ribosomal RNA (12S rRNA and
16S rRNA)].
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