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ABSTRACT

Asthe eyes of environmentalists and researchers focused on the Madeira, Xingu and Tapgj s rivers dams, one unknown
project to bystanders will negatively affect an entire watershed, causing impacts far greater than any other megadam
constructed in Brazil. Despite the environmental modifications, littleisknown about the UHE Maraba dam and itsimpacts
over such asplendid cellar of species: the Araguaia Tocantinsbasin. Historically the Tocantins River isthe most impacted
amazontributary, with several already built dams, though the Araguaia River isfree of dams. Building the UHE Marabadam
will affect both rivers, and probably extinguish many speciesincreasing the already high number of Amazonian endangered
fish species. Due to its unique evolutionary history among Amazonian tributaries, the endemicity found in the basin is
probably higher than any other Amazon tributary, as some authors consider it asadifferent watershed, separated from the
Amazon. Describing and foreseeing the impactslocally and globally are the main goals of the present study.
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INTRODUCTION

As stated by the Convention on Biological
Diversity (Inland Waters Biodiversity Programme
2016) Inland water ecosystems are amongst the most
threatened ecosystems due to habitat loss or
degradation, water withdrawal, overexploitation,
pollution and invasive alien species. According to the
Millenium Ecosystems Assessment scenarios (2005),
four out of five peoplelive downstream riversand are
served by renewable water sources, and the increase
on demand is estimated at a rate of 10% per decade.
The same document reported that one of the magjor
threats that compromise the sustainability of inland
water systemsisthe prolific dam building (45,000 large
and about 800,000 small dams).

Recently Winemiller et al. (2016) pointed that
dam building is the main threat for the three most
biodiverse rivers of the world, Amazon, Congo, and
Mekong. Specifically inthe Amazon basin, three areas
concentrate operational/under construction and planned
dams. The first one is the Andean region, which
constitutes a threat for the headwaters of the entire
Amazon, with several planned dams. The second
region is the Tapaj0s drainage, in Brazil, which has

some operational and several planned dams (WWF
2016), which will create a similar scenario to what
happened in the Tocantins River. The third region is
the Tocantins-Araguaia drainage, also in Brazil, that
aready holds several large dams under operation in
the Tocantins River, and many other planned in both
rivers.

Goulding et al. (2003) considered the Tocantins
River as the dammed Amazon tributary, because of
the several operational damsin its mains channel. At
thetime of hispublication, projectsasthe Belo Monte
dam in the Xingu River, and the Santo Antonio and
Jirau dams in the Madeira River were not even
licensed. The Tocantins River is considered the most
impacted not only by the dams, but also because of
theintensive land use.

In this review, it will be shown that the
environmental situation of the drainage degraded
substantially, becausethree other damswere built after
2003 in the Tocantins River; Peixe Angical in 2006,
Séo Salvador in 2009 and Estreito in 2011 (ANEEL
2016). Also, the land use was intensified by many
agricultural and aguaculture projects, including the
“Plano de Desenvolvimento Agropecuéario do Matopiba,
2015” (Brasil 2015) planned for the states of
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Maranhdo, Tocantins, Piaui and Bahia, which are
considered the last frontier for agriculture in Brazil.
Even though the synergetic impacts of dams are still
not well established, | demonstrate that the planned
Maraba dam will negatively affect not only the local
aguatic ecosystems, but the entire watershed.

The Araguaia-Tocantins basin general aspects

The Araguaia-Tocantins is the fourth largest
Brazilian exclusive basin (Goulding et al. 2003), with
two mgjor rivers. In the west the Araguaia, from its
headwater in central Brazil to its mouth in the
Tocantins, runsthrough 1670 km, draining Cerrado and
then Amazon Forest. In the east the Tocantins from
its headwater in Goias State to its mouth runs through
2450 km (2640 km considering the Pard River Bay
mouth), draining extensive areas of the Cerrado. Some
researchers do not consider the drainage as part of
the Amazon basin, because two thirds of the drainage
coverageismainly in Cerrado (IBGE 2004). Also, its
mouth discharges directly to the Atlantic Ocean.
Therefore the basin is not connected directly to the
Amazon River and was probably isolated from the
Amazon system around 1.8 million years ago (Rosseti
& Valeriano 2007). Thebasin tectonicsisactudly fairly
active, with several subsidence episodes that resulted
in the formation of the Bananal floodplain (Araguaia
River) during the Quaternary (Saadi et al. 2005). The
floodplain serves as a natural barrier that isolates the
higher Araguaiaand higher Tocantinsfishfaunas(Lima
& Ribeiro 2011). Even so, faunaand florahave similar
components to the Amazon, especialy the freshwater
fish faunawhichisundoubtedly related to the Amazon.
Moreover, the freshwater fish faunas of the Brazilian
Shield Rivers share several species for instance with
the Tapajés, Xingu and Tocantins basins, which
indicates a common origin and probably an older
connection.

Freshwater fish fauna endemicity of the Tocantins-
Araguaia

Severa species of fishes are probably isolated
from the Amazon system from 1.8 million years, but
older eventsisolated several components of the aquatic
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biotaof the Brazilian Shield Rivers. Thus, athough the
fish faunaiscertainly related to the amazon basin, the
Tocantins-Araguaia has a high number of endemic
species. The endemicity level is greater than 40%
accordingly to Hales & Petry (2013). Several recent
studies (last 10 years) described 24 new endemic
species from the Tocantins-Araguaia as follow:
Astyanax elachylepis Bertaco & Lucinda 2005;
Pimelodus stewarti Ribeiro, Lucena& Lucinda2008;
Pimelodus joanis Ribeiro, Lucena & Lucinda 2008;
Pimelodus halisodus Ribeiro, Lucena & Lucinda
2008; Anablepsoides tocantinensis (Costa 2010a);
Melanorivulus jalapensis (Costa 2010b); Hasemania
kalunga Bertaco & Carvalho 2010; Geophagus
neambi Lucinda, Lucena & Assis 2010; Geophagus
sveni Lucinda, Lucena & Assis 2010;
Sernarchorhynchus axelrodi Santana & Vari 2010;
Pimelodus luciae Rocha & Ribeiro 2010; Xyliphius
anachoretes Figueiredo & Britto 2010; Moenkhausia
aurantia Bertaco, Jerep & Carvalho 2011;
Moenkhausia dasalmas Bertaco, Jerep & Carvalho
2011; Hypsolebias tocantinensis Nielsen et al. 2012;
Ctenocheirodon pristis Malabarba & Jerep 2012;
Colomesus tocantinensis Amaral, Brito, Silva &
Carvalho 2013; Leporinus santosi Britski & Birindelli
2013; Tetragonopterus akamai Araujo & Lucinda
2014; Hyphessobrycon diastatos Dagosta, Marinho
& Camelier 2014; Serrapinnus aster Malabarba &
Jerep 2014; Serrapinnus lucindai Jerep &
Malabarba 2014; Pseudacanthicus pitanga, Chamon
2015; Tometes ancylorhynchus Andrade, Jegu &
Giarrizo 2016.

Endangered fishes

Therecent list of endangered Brazilian species
of fishes (Brasil 2014) included 409 species, which 96
are marine, and the remaining 313 are freshwater or
brackish. The majority of the endangered freshwater
fishesare distributed in the densest populated areasin
South and Southeast Brazil. Thefreshwater fish fauna
of the Amazon is still less affected if acomparison is
carry out between rivers in South, Southeast and
Northeastern Brazil. Nonetheless, from the 313
freshwater species, 73 species are from the Amazon
region.
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Particularly intheAmazon, 72 out of 73 species
present in thered list are affected by dams because of
habitat loss. In the current scenario, it is clear that the
problems concerning the Tocantins are critical if
compared to other amazon basins, because 48 out of
these 73 species are from that basin. Thus, the main
cause of disturbanceisthe many installed and planned
dams (Figure 1).

Though the causes are usually well known, itis
necessary to stress the impacts of damsto understand
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how it affects the freshwater fish fauna. Theimpacts
can be summarized aslocal or synergetic impact, and
how it affect the freshwater fish fauna depends of a
series of factors. Usually local impacts are related to
extinction and faunal changes in diversity and
abundance. Synergetic impacts with extended ranges
like faunal homogenization; connective loss and
reproductiveissues affectsthe ecosystemsin different
ways, and demands thorough studies to uncover how
multiple dams affects a watershed.
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Figure 1. Schematic map illustrating operational, licensing and planned dams of the Tocantins-Araguaiabasin (modified

fromAgostinho, Akama& Lucinda2009).
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Dam impacts and the Tocantins River case

Dam impacts over the aguatic ecosystem are
well known for along time. Particularly in thetropics,
the impacts are fully and thoroughly discussed in a
vast literature (e.g., Baxter 1977; Northcote et al.
1985; Agostinho 1993, 1994; Agostinho et al. 1999;
Wu et al. 2004; Nilsson et al. 2005; Ansar et al. 2014,
Winemiller et al. 2016). Usually “megadams’ are
associated with environmental alterationsresultingin
severe changes in terrestrial and aquatic biodiversity
aswell asin ecosystems functioning.

Theimpacts over theterrestrial ecosystems are
usually locally restricted to the flooded areas, and do
not extend much further compared to theimpacts over
the aquatic ecosystems. Thus, the effectson the aquatic
fauna are certainly more extensive, reaching not only
the flooded area, but also downstream and upstream
the dam and its reservoir.

For the aquatic ecosystems, impactsaresimilarly
listed in the literature and vary from: local habitat
changes, change in the biotic fauna and flora, flood
pul se alterations, habitat |oss (including spawning and
recruitment areas), habitat fragmentation and
subsequent changes or completeloss of the connectivity
between populations among others. Because many of
these impacts are already listed and explained (see
Winemiller et al. 2016), the focus will be on some
impactsthat are underestimated and sometimesdo not
get accounted in the licensing process for the Maraba
dam future scenario. Thus, two non-studied impacts
should also be addressed; a) mass mortality of fishes
below dams, a common event for many dams of the
Tocantins River; b) the channel dwelling fishes, agroup
with of fishes that was never focused in all dams of
the Tocantins River, and should be considered an
important target for conservation due to its
particularities.

An historic overview of thedamsinthebasinis
necessary to understand the present and future
scenarios of both Tocantins and Araguaia rivers. As
mentioned in the “ Smithsonian Atlas of the Amazon”
(Goulding et al. 2003), the Tocantinsisthe Amazonian
Dammed River. No other Amazon tributary shows as
many large dams, from headwatersto near its mouth.

The UHE Tucurui dam wasthefirst built in the
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basinin 1986 and its lake flooded square 2,400 km. It
is the second largest lake in the Amazon, currently
capable of producing 8,370 MW, (plus 3,000 MW ina
planned upgrade). Tucurui was built in the lower
Tocantins, amost without environmental concerns
during the military government, and it should be an
example of inadequate assessment of environmental
impact studies (Goulding et al. 2003). Asit disregarded
environmental concerns, there are no fish passages,
which lead to the upstream extinction of large migratory
catfishes such as Brachyplatystoma rousseauxii
(dourada common name in portuguese) and
Brachyplatystoma vaillanti (piramutaba common
namein portuguese) and probably reflected in several
other speciesextinction or population depletion. Though
fish passages sometimes do not work as expected, as
pointed out by many recent articles (Pelicice &
Agostinho 2008, Pelicice, Pompeu & Agostinho 2014),
the absence of such structures is an evidence of
environmental was overlooked when thedam washbuilt.
Accordingly to Leite & Bittencourt (1991) only 80
species of fishes were present in the area of the
reservoir lake, which in 1986 INPA researchers had
identified around 350 species, leading to a local
extinction rate of more than 75%. The environmental
impacts downstream Tucurui were never assessed for
the fish fauna, but, an unpublished thesis, reported
several impactsresulting in the destruction of biotopes
(Manyari 2007 p. 141). Thebiotopedestruction resulted
in the loss of diversity and abundance of fishes, and
Fearnside (2015) reported that the fishing industry
below the dam was eliminated. Even though it is
certainly that Tucurui dam changed the river
morphology downstreamit isnot possibleto know how
it affected the fish fauna because the lack of previous
information.

A second dam was built in the headwaters of
the Tocantins river, the UHE Serra da Mesa dam
(operating since 1996), and it is the largest Brazilian
artificial lake. The dam generates asignificant amount
of power (1275 MW), but it"smain task isto regulate
theriver discharge, and the impacts of controlling the
flow isnot well understood yet. Thelocal impactsare
well reported and because it is located in the
headwaters of the Tocantins, we do not know how the
dam affected the connectivity for migratory fishes. The
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local extinction rates were also not assessed and the
monitoring program reportsand environmental studies
are not available in the Brazilian Institute of
Environment and Renewable Natural Resources -
IBAMA (IBAMA website accessed in August 2016).

Thethird dam builtintheriver, the UHE Lgjeado
(operating since 2001, and renamed Luis Eduardo
Magalhées) peak generation is 903 MW, and created
alake with 1003 km?. None of the monitoring reports
and environmental studiesisavailableintheIBAMA
website. Thereservoir issituated in the middlereaches
of the Tocantins River. Although the lake is
considerably large, it operates as run-of-the river, a
characteristic shared with all other dams built in the
Tocantins River after 2001, which supposedly causes
less environmental impactsthan Tucurui and Serrada
Mesa dams, both cumulative dams. Nonetheless, it is
guestionable if the impacts of run-of-the river dams
are environmental friendly, and there is no published
studies comparing environmental impacts of run-of-
the-river dams and cumul ative dams.

The fourth dam UHE Canabrava (operating
since 2002) isthe second smallest dam, with alake of
only 139 km? with 450 MW of installed power.
Environmental studies and monitoring reports are
available in the IBAMA website (accessed in August
2016). It is located downstream Serra da Mesa dam,
and accordingly to themonitoring studiesisthereservoir
with less diversity among all dams in the Tocantins
River, but the causes were not established.

The fifth dam UHE Peixe Angica (operating
since 2006) has 452 MW of installed capacity and a
lake with 294 km?2. Environmental studies and
monitoring reportsare availableintheIBAMA website
(accessed in August 2016). The reservair is situated
between Lajeado dam and Serra da Mesa dam, also
flooded oneimportant tributary of the TocantinsRiver,
the Parana River. Although it’s local impacts were
studied, the impacts over the Parand and how it
affected the fishes were not accounted.

The sixth dam UHE S&o Salvador (operating
since 2009) is the smallest and less productive dam,
with 241 MW of installed capacity and alakewith 104
km?. Environmental studiesand monitoring reportsare
available in the IBAMA website (accessed in Auguts
2016). Thedam is situated between PeixeAngical and
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Canabrava dams, and with its construction, the river
channel from Serra da Mesa to Peixe Angical have a
cascading of dams. When it started operations, mass
mortality below the dam was recorded for several
species of migratory fishes (Elineide E. Marques,
persona communication).

Thelast dam built in the Tocantins River, UHE
Estreito (operating since 2012) has 1087 MW and a
lakewith 590 km?. Environmental studiesareavailable
in the IBAMA website (accessed in August 2016).
The dam is situated between Lajeado and Tucurui
dams, and itsimpacts are yet to be assessed. When it
started operating, mass mortality of large catfishes
(Zungaro zungaro) was reported for the reservoir,
but the causes were not determined.

From its 2500 km of extension, the Tocantins
River has nowadays only two long stretches free of
damsand both with ca. 400 km. Oneislocated between
Estreito and Lajeado dams, and the other between
Estreito and Tucurui dams. Both areas should be
focused as priority areas for conservation, thus free
of dams.

Synergetic impacts of all dams

Each dam of the Tocantins River contributed
with local extinctions and changes in the fish fauna,
accordingly to the environmental studies, but the
impacts sometimes extends further away downstream
and upstream. Also, the synergetic effects of all dams
isfar greater than just the faunal homogenization and
changesin the hydrological cycle. A clear example of
a previously unknown synergetic effect were the
recently records of mass mortality occurred in the
Lajeado dam. Large schools of migratory fishes
reached the dam and died below the dam in 2012 and
2014, thusIBAMA fined the L gjeado Dam Consortium
for the mass mortality. But the causes should also be
associated with the operation of the Estreito dam,
|ocated 370 km downstream, which caused disturbance
on the migratory pattern, thusleading the fish schools
to reach the Lajeado dam. The environmental impacts
were not restricted to the lake and/or the downstream
effects, but rather affected areas further upstream.
Such changein migratory pattern probably happened
for each dam built in the Tocantins, but was not
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discussed and evident due to the non-existence of
previous dams.

The two main synergetic impacts presented in
the literature, and occurring for the dams operating in
the Tocantins, are population connectivity loss, and faund
homagenization. Although there is some relationship
between both, they will be considered apart, asattempts
for remediation connectivity loss can create greater
impacts, as shown by Pelicice & Agostinho (2008).

Connectivity loss caused by the dams over the
Tocantins River isimpossible to mitigate in its upper
portions, because the dams were built close to each
other creating a cascade of reservoirs. The migratory
fish fauna above Peixe Angical dam will be restricted
to short migration species, because there is virtually
no long reaches free of dams. Also, asit was reported
for Lajeado dam, itseffectsover migratory fisheswere
rather negative (Pelicice & Agostinho 2008), thus the
transposing ladder was deactivated. Estreito dam
impactsare not well understood and the dynamics have
yet to bestudied. And finally, Tucurui damtruly isolated
the Tocantinsand Araguaiafrom itslower portion and
its impacts are gigantic and influence both upstream
the lake and downstream the dam.

The impacts of connectivity loss over the
ecosystem in the Tocantins River cannot be accessed
with the current knowledge. Monitoring studies
provided by each dam are not available, but it is clear
that the migratory fishes have either become extinct
locally, or havedifferent levelsof population depl etion.
It is necessary to focus the studies in ecosystem level
as proposed by Freeman et al. (2003), but in this
regardsthereisscarceinformation about other aguatic
taxainhabitant of the Tocantins River, such asmussels,
shrimps algae and other invertebrates that can affect
the entire functionality of the river. Thefirst group of
fishes affected by dams and the connective lossisthe
long-term migratory species. As stated by Mcintyre
et al. (2015) atriple jeopardy happens for migratory
fishes whenever a dam is built, because impact are
bound to happen for a) breeding areas, b) recruitment
and feeding areas and c) migratory corridors. By
building damsthe connectivity iseliminated, and even
amongst dams with transposing structures, the
reservoir per seisthe main cause of impact.

Asrecent studiesreport faunal homogenization
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asaresult of dam building, and some casestheimpact
is aggravated if the dams are built in cascading.
Unfortunately, we have no idea how the megadams
built in the Tocantins channel are affecting theriver in
this regard. In a thorough study, Poff et al. (2007)
related how the dams across North American affected
the rivers geomorphologically, functionally and
ecologicdly. Particularly for fish communitiesthe broad
scale control was considered the key factor. As for
the Tocantins River, we do not have enough data and
taxonomic accuracy to performasimilar study. In order
to do such a study, first it is necessary to understand
how species are distributed along the longitudinal
gradient along the main channel, and also biological
characteristics. As environmental impact studies are
scarce and cannot provide accurate data, performing
such a task in the present is impossible. First is
necessary to correctly assess the data, because of
several taxonomic discrepancies, with different names
for the same entitiesare commonly found. Additionally,
incomplete inventory studies for each dam pose
difficultiesto do an analysis to understand how dams
are affecting the basin and its synergetic impacts.

A third unknown impact must be also pointed;
theloss of channel-dwelling-fish species diversity. In
this regard, no studies whatsoever were executed for
any dams built in the Tocantins River. The only
available study on channel fishes related to dams in
Amazon was done for the Madeira River, but there
are no available reports yet about the impacts over
channel fishes. Asfor the Tocantins, without previously
information, only conjectures can bedone. The Federal
University of Tocantins made few attemptsto collect
fishesin the Lajeado reservoir, but no channel fishes
were captured.

MATERIAL AND METHODS

This study was based on data and information
gathered among several sources for the Tocantins
River. Priority was given to the analysis of published
research as the Tucurui Dam books and articles of all
dams available. But, as many dams do not have
scientific data published, the use of information from
Licensing and Monitoring studies from hydroelectric
dams was necessary.
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All theimpactsrelated to damsarediscussed in
the literature, but some impacts are not thoroughly
investigated. Particularly the synergy was never
assessed, and it was necessary to infer based on the
current knowledge the possible scenarios for the
aquatic fauna, which takes in account not only the
present dams, but also the planned.

DISCUSSION
UHE Maraba - the final blow

Brazilian government strategic planning for the
expansion of electricity power generation has
considered the Marabadam aspriority and thelicensing
process is currently advanced. The focus of the
environmental studiesare, asusual, related to thelocal
impacts and do not account for the cumul ative impacts
over the entire watershed of the Tocantins- Araguaia.
There is no system scale approach, a hecessity for
dam planning as stated by Hartmann et al. (2013).
Thus, the authors summarized hydropower
sustainability as building the right dams in the right
place. For the Tocantins River dams a system scae
planning would probably prove to be a formidable
argument against building any other dam in theriver.
As for the Maraba dam it should be considered the
wrong dam, in the wrong place. As it will be show
below the impacts of the dam extends not only to the
TocantinsRiver, but alsofor theAraguaiaRiver. Impact
prediction is necessary to understand how the dam
will affect thefish fauna, and al so the dynamics of the
river in one of the last free-of-dams reaches of the
Tocantins, and it is important to stress that there are
no mitigations possiblefor them.

Local impacts are expected to happen such as
substitution of lotic by lenthic regime flow, followed
by faunal changes and local extinctions of fishes
(Baxter 1977, Agostinho et al. 1999, Winemiller et al.
2016). Nevertheless, there are three drastic impacts
that will affect both Tocantins and Araguaia Rivers.
The first is the loss of severa rapids in both rivers,
such as S8o Sebastido rapids in the Tocantins River.
Therapids arethe exclusive habitat of many reophilic
species, and based on the biology of the several
endangered fish species of the Tocantins River, it is
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probably the last possible habitat of at least half of
them. Brazil, as a signatory of the Convention on
Biological Diversity, should protect the speciesin the
red list, but building the Maraba dam goes contrary to
this. The second important impact is caused by flooding
several lakes near Marabd, the most extensive
floodplain of the Tocantins River, and the place on
which recruitment occur for migratory and non-
migratory fishes. Flooding these lakes will negatively
affect not only the Tocantins, but probably the lower
portions of the Araguaia River. Thethird isrelated to
the necessity to preserve long river reaches free of
dams. For conservation purposes free of dams areas
are an important target, because it preserves the
ecosystem functionality. Building the UHE Marabawill
affect one of thelast two remaining areaswithout dams
in the Tocantins River.

The synergetic impacts caused by the Maraba
dam are enormous. Considering that the Tucurui dam
already impacted the river downstream the dam, with
Marabé the reduction of sediments will be increased
severa times and consequently enhance the erosive
process. Moreover, the upper Tocantins already has a
cascading of reservair, as mentioned before, and with
the building of Marabd, the lower portions will also
have a cascading of three megadams, Tucurui, Maraba
and Estreito, flooding hundreds of kilometers of the
TocantinsRiver. Losing connectivewill affect not only
the Tocantins but the lower portions of the Araguaia,
once the flooding area will extend almost to Santa
Isabel rapidsintheAraguaiaRiver. Themost important
recruitment area of the Tocantins River, thefloodplain
near Marabacity will disappear, and the impacts over
the fish fauna are unknown. Faunal homogenization
of the entire watershed is expected to happen, but we
do not have enough datato understand itsimplications.
Although the negative effects will not be perceptible
tomost of the population, the building of Marabadam
will be catastrophic for the entire watershed.

Future directions for monitoring and conservation
of the fish fauna of the Tocantins-Araguaia basin

The most crucial step for sustainable usage of
the basin isa systematic planning based on solid data.
Unfortunately, thereisactually no political directionto
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comprehend how dams are affecting the Tocantins
River and the drainage. The Brazilian government
investment on hydroel ectricity generationintheAmazon
was preconized, for many reasons, in the Tocantins
River leading to the installation of several dams.
Therefore, environmentalists and researchersfocused
their attention on the preservation of more pristine
Amazontributariessuch asMadeira, Xingu and Tapgj0s
Rivers. Even when methodol ogical toolsfor systematic
conservation planning are available, as proposed by
WWF (2016) for the Tapgjés basin, the Tocantins is
disregarded as an important target for conservation.
In fact there is little concern for the Tocantins River
preservation by the government and also the federal
and state environmental agencies.

Even if the actual scenario for the Tocantins-
Araguaia basin could not be more negative, with at
least two thirds of the endangered amazon fish species
belonging to the basin, there are possible actions that
must be executed. Considering the future scenario
presented above with the Maraba dam, it is expected
that thefish faunawill bedrastically affected. Currently
fish monitoring procedures, based onindividual studies
for each dam, cannot allow an evaluation of the overall
impact throughout the Tocantins River. Thus, it is
necessary to carry out the assessment of theseimpacts
along the river channel, not only on respect to faunal
homogenization, but also for reproduction sites, nursery
sites and ultimately the dams synergetic impacts. The
task ishot easy, asthe necessary toolsto answer these
questionsrequiresdifferent methodol ogical approaches
fromwhat it isusually asked during the environmental
licensing process.

Thefirst step necessary isto evaluatethe current
status of the Tocantins-Araguaiabasin fish fauna, since
the Araguaia River also have several planned dams.
There are important actions that can be done with
fewer efforts. It is urgent to assess fish diversity and
itsdistribution in the basin based from data of all dams
Environmental Impact Studies, Environmental
Monitoring and other sources of information. Alsoitis
paramount to validate the species account based on
the study of the available material on museum
collections. This will enable understanding changes
through time over the Tocantins River. In the same
way, gathering the basic knowledge about biology and
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resiliencefor thefish community aong theriver should
be performed. The current Environmental Impact
Assessment techniques are insufficient to provide a
real scenario about the fish fauna conservation status.
A study to understand how the impact of all dams,
with amethod emphasizing al information for theentire
watershed is needed, thus allowing to evaluate the
impacts in multi scale can be performed using beta
diversity (Soareset al. 2015, Socolar et al. 2015). Also,
itisnecessary toincorporate how the Land Use Change
—LUC affectsthe watershed in amulti-scale approach
asindicated by Leal et al. (2016).

A second approach is to use the information
gathered to evaluate the risk of extinctions of species
at regiona leve s, such asproposed by Ginsburg (2001).
We do not have information about the conservation
status of many species of fisheswith broad distribution
threatened only in the Tocantins River, because the
regional level evaluation was never performed. The
regional adjustment can be an optimal tool for
understanding how fish species are affected by dams.
After performing both evaluations a suitable scenario
can be proposed for attaining priority policies, strategies
and targets for conservation of the already most
endangered Amazonian freshwater fish fauna.

ACKNOWLEDGMENTS

This study was supported by FAPESPA (ICAAF 005/2016).
REFERENCES

Agostinho, A. A., 1993. Pesquisas. Monitoramento e manejo da
fauna aquatica em empreendimentos hidrelétricos. In:
Seminario sobre afaunaaquatica e o setor elétrico Brasileiro.
Reunides teméticas preparatérias; Caderno 1: Fundamentos.
Comité Coordenador das Atividades de Meio Ambiente do
Setor Elétrico — COMASE. pp. 38-59. Rio de Janeiro:
ELETROBRAS.

Agostinho, A. A. 1994. Considerac8es sobre a atuagao do setor
elétrico na preservagédo da fauna aquética e dos recursos
pesqueiros, In: Seminério sobrefaunaagquéticae o setor elétrico
brasileiro. Reunides teméticas preparatérias; Caderno 4 -
Estudos e L evantamentos. Comité Coordenador dasAtividades
de Meio Ambiente do Setor Elétrico — COMASE. pp. 8-19.
Rio de Janeiro: ELETROBRAS.

Agostinho, A. A., Miranda, L. E., Bini, L. M., Gomes, L. C,,
Thomaz, S. M. & Suzuki, H. I. 1999. Patterns of colonization
in Neotropical reservoirs, and prognose on aging. In: Tundisi,
J.G & Straskrabas, M. (Eds.). Theoretical reservoir ecology

Oecol. Aust., 21(3): 222-231, 2017



230 Alberto Akama

and its applications. pp. 227-267. Séo Carlos: International
Institute of Ecology.

Amara, C.R. L., Brito, P M., Silva, D.A. & Carvaho, E. F. 2013
A new cryptic speciesof South American freshwater pufferfish
of the genus Colomesus (Tetraodontidae), based on both
morphology and DNA data. PLoS ONE, 8(9), €74397:1-15.

Andrade, M. C., Jégu, M. & Giarrizzo, T. 2016. Tometes
kranponhah and Tometes ancylorhynchus (Characiformes:
Serrasalmidae), two new phytophagous serrasalmids, and the
first Tometes species described from the Brazilian Shield.
Journal of Fish Biology, 89(1), 467-494.

ANEEL —AgénciaNacional de EnergiaElétrica. 2016. Banco de
informag6es de geragdo. Retrieved August 24, 2016, from:
http://www?2.aneel .gov.br/aplicacoes/capacidadebrasil/
GeracaoTipoFase.asp?tipo = 1&fase = 3

Ansar, A., Flyvbjerg, B., Budzier, A. & Lunn, D. 2014. Should
we build more large dams? The actual costs of hydropower
megaproject development. Energy Policy, 69, 43-53.

Araujo, L. B. S. & Lucinda, P. H. F. 2014. A new species of the
genus Tetragonopterus Cuvier, 1816 (Ostariophysi:
Characiformes. Characidae) from the rio Tocantins drainage,
Brazil. Neotropical Ichthyology, 12(2), 309-315.

Baxter, R. M. 1977. Environmental effects of dams and
impoundments. Annual Review of Ecology and Systematics,
8, 255-283.

Bertaco, V. A. & Lucinda, P. H. F. 2005. Astyanax elachylepis, a
new characid fish from the rio Tocantins drainage, Brazil
(Teleostei: Characidae). Neotropical Ichthyology, 3(3), 389-394.

Bertaco, V. A. & Carvaho, F. R. 2010. New species of Hasemania
(Characiformes: Characidae) from central Brazil, with
comments on the endemism of upper rio Tocantins basin,
Goias State. Neotropical Ichthyology, 8(1), 27-32.

Bertaco, V. A., Jerep, F. C. & Carvalho, F. R. 2011. A new characid
fish, Moenkhausia aurantia (Ostariophysi: Characiformes:
Characidae), from the upper rio Tocantins basin in central
Brazil. Zootaxa, 2934, 29-38.

Brasil. 2014. Portaria Numero 445, de 17 de dezembro de 2014.
ListaNacional de EspéciesdaFaunaAquéticaAmeagadas de
Extingdo — Peixes e Invertebrados Aquéticos. D.O.U. 18/12/
2014, nimero 245, se¢do 01, pag. 126.

Brasil. 2015. Plano de Desenvolvimento Agropecudrio do
Matopiba. Presidential Decree number 8,447, D.O.U. 07/05/
2016 Secdo 01, pag. 02.

Britski, H.A. & Birindelli, J. L. O. 2013. A new speciesof Leporinus
Agassiz, 1829 (Characiformes: Anostomidae) from the rio
Tocantins, Brazil. Neotropical |chthyology, 11(1), 25-32.

Chamon, C. C. 2015. Pseudacanthicus pitanga: a new species of
Ancistrini (Siluriformes: Loricariidae: Hypostominae) from
rio Tocantins Basin, north Brazil. Zootaxa 3973(2), 309-320.

Costa, W. J. E. M. 2010a. Two new species of the Rivulus
urophthalmus group fromthe Tocantinsand Xingu river drainages,
eastern Brazilian Amazon (Cyprinodontiformes: Rivulidae).
Ichthyological Exploration of Freshwaters, 21(1), 79-85.

Costa, W. J. E. M. 2010b. Rivulusjalapensis, anew killifish from
the Tocantins River basin, central Brazil (Cyprinodontiformes:
Rivulidae). Ichthyological Exploration of Freshwaters, 21(3):
193-198.

Oecol. Aust., 21(3): 222-231, 2017

Dagosta, F. C. P, Marinho, M. M. F. & Camelier, P. 2014. A new
speciesof HyphessobryconvDurbin (Characiformes: Characidag)
from the middle rio S8o Francisco and upper and middle rio
Tocantins basins, Brazil, with comments on its biogeographic
history. Neotropical Ichthyology, 12 (2), 365-375.

Fearnside, P. M. 2015. Impactos ambientais e sociaisde barragens
hidrel étricas na Amazonia brasileira: As implicagGes para a
indUstriade aluminio. In: P. M. Fearnside (ed.) Hidrelétricas
naAmazonia: |mpactos Ambientais e Sociais ha Tomada de
Decisdes sobre Grandes Obras. pp. 261-288. Vol. 2. Manaus:
Editorado INPA.

Figueiredo, C. A. & Britto, M. R. 2010. A new speciesof Xyliphius,
ararely sampled banjo catfish (Siluriformes: Aspridinidae)
from the rio Tocantins-Araguaia system. Neotropical
Ichthyology, 8(1), 105-112.

Freeman, M. C., Pringle, C. M., Greathouse, E. A. & Freeman, B.
J. 2003. Ecosystem-level consequences of migratory faunal
depletion caused by dams. American Fisheries Society
Symposium, 35, 255-266.

Ginsburg, J. 2001. The application of IUCN Red List Criteria at
regional levels. Conservation Biology, 15(5), 1206-1212.
Goulding, M., Barthem, R. & Ferreira, E. 2003. The Smithsonian
Atlas of the Amazon. Washington DC: Smithsonian Books.

p. 256.

Hales, J. & Petry, P. 2013. 324. Description of freshwater
ecoregion 324: Tocantins—Araguaia. Freshwater Ecorregions
of the World. WWF-TNC. Accessed 2016: http://
www.feow.org/ecoregions/detail 324

Hartmann, J., Harrison, D., Opperman, J. & Gill, R. 2013. The
new frontier of hydropower sustainability: planning at the
system scale. The Nature Conservancy. 112 p.

IBAMA - Instituto Brasileiro do Meio Ambiente e dos Recurso
Renovaveis. 2016. EIAs— Relat6rio —Monitoramentos: https:/
/www.ibama.gov.br/licenciamento/ (Accessed August 2016).

IBGE —Instituto Brasileiro de Geografia e Estatistica. 2004. Mapa
deBiomasdo Brasil. Brasilia, DF. Brasilia, Instituto Brasileiro
de Geografiae Estatistica.

Inland Waters Biodiversity Programme — Convention On
Biological Biodiversity. 2016. Retrieved August 24, 2016,
from https://www.cbd.int/waters/default.shtml

Leal, C. G, Pompeu, P. S., Gardner, T.A ., Leitdo, R. P,, Hughes,
R. M., Kaufmann, P. R., Zuanon, J,, Paula, F. R., Ferraz, S. F.
B., Thomson, J. R., Mac Nally, R., Ferreira, J. & Barlow, J.
2016. Multi-scale assessment of human-induced changes to
Amazonian instream habitats. Landscape Ecology. Online
version. DOI: 10.1007/s10980-016-0358-x

Leite, R.A. N. & Bittencourt, M. M. 1991. Impacto de hidreléricas
sobre aictiofauna amazonica: O exemplo de Tucuri. In; Val.
A.L., Figiuolo, R. & Feldberg, E. (eds). Basescientificaspara
estratégias de preservagdo e desenvolvimento daAmazonia:
Fatos e Perspectivas. Vol.1. pp. 85-100. Manaus: Instituto
Nacional de Pesquisas daAmazénia (INPA).

Lima, F. C. T. & Ribeiro, A. C. 2011. Continental-scale tectonic
controlsof biogeography and ecology. In: Albert, J. S. & Reis,
R. E. (eds). Historical Biogeography of Neotropical
Freshwater Fishes. pp. 145-164. Berkeley: University of
CaliforniaPress.



Maraba Dam, the Final Blow

Lucinda, P.H. F, Lucena. C.A. S. & Assis, N. C. 2010. Two new
speciesof cichlid fish genus Geophagus Heckel from theRio
Tocantins drainage (Perciformes: Cichlidae). Zootaxa, 2429,
29-42.

Malabarba, L. R. & Jerep, F. C. 2012. A new genus and speci es of
Cheirodontinae fish from South America (Teleostei:
Characidae). Copeia, 2012(2), 243-250.

Malabarba, L. R. & Jerep, F. C. 2014. Review of the species of
the genus Serrapinnus Malabarba, 1998 (Teleostei:
Characidae: Cheirodontinae) from therio Tocantins-Araguaia
basin, with description of three new species. Zootaxa,
3847(1), 57-79.

Manyari, W. V. 2007. Impactos Ambientais a jusante de
hidrelétricas: O caso da Usina Hidrelétrica de Tucurui, PA.
Unpublished PhD thesis. Universidade Federal do Rio de
Janeiro: COPPE. 211p.

Mclntyre, P. B., Liermann, C. R., Childress, E., Hamann, E. J.,
Hogan, J. D., Januchowski-Hartley, S. R., Koning, A. A.,
Neeson, T. M., Oele, D. L. & Pracheil, B. M. 2015. Chapter
11. Conservation of Migratory Fishes. In: Closs, G. P,
Krkosek, M. & Olden, J. D. Eds. Conservation of Freshwater
Fishes. pp. 324-360. Cambridge: Cambridge University Press.

Millennium Ecosystem Assessment. 2005. Ecosystems and
human well-being: wetland and water synthesis. Washington,
DC. World Resources Institute. 80 p.

Nielsen, D. T. B., Cruz, J. C. & BaptistaJinior, J. C. 2012. A new
species of annual fish, Hypsolebias tocantinensis sp. n.
(Cyprinodontiformes: Rivulidae) from therio Tocantinsbasin,
northeastern Brazil. Zootaxa, 3527, 63-71.

Nilsson, C. Reidy, C. A., Dynesius, M. & Revenga, C. 2005.
Fragmentation and flow regulation of the world’s large river
systems. Science, 308, 405-408.

Northcote, T. C., Arcifa, M. S. & Froelich, O. 1985. Effects of
impoundment and drawdown on the fish community of a
South American river. Verhandlungen des Internationalen
Verein Limnologie, 22, 2704-2715.

Pelicice, F. M. & Agostinho, A. A. 2008. Fish-passagefacilitiesas
ecological traps in large Neotropical rivers. Conservation
Biology, 22(1), 180-188.

Pelicice, F. M., Pompeu, P. S. & Agostinho, A. A. 2015. Large
reservoirs asecological barriersto dowstreams movements of
Neotropical migratory fish. Fish and Fisheries, 16, 697-715.

Poff, N. L., Olden, J. D., Merrit, D. M. & Pepin, D. M. 2007.
Homogeni zation of regiond river dynamicsby damsand global
biodiversity implications. Proceedings of the National

231

Academy of Sciences, 104(14), 5732-5737.

Ribeiro, F. R. V., Lucena, C.A. S. & Lucinda, P. H. F. 2008. Three
new Pimelodus species (Siluriformes: Pimelodidae) from the
rio Tocantinsdrainage, Brazil. Neotropical Ichthyology, 6(3),
455-464.

Rocha, M. S. & Ribeiro, F. R. V. 2010. A new species of Pimelodus
La Cédede, 1803 (Siluriformes: Pimelodidae) from rio
Itacaiunas, rio Tocantins basin, Brazil. Zootaxa, 2343, 57-65.

Rosseti, D. F. & Vaeriano, M. M. 2007. Evolution of the lowest
amazon basin model ed from the integration of geological and
SRTM topographic data. Catena, 70, 253-265.

Saadi, A., Bezerra, F. H. R, Costa, R. D, Igreja, H. L. S &
Franzinelli, E. 2005. Neotectonica da plataforma brasileira.
In: Souza, C. R., Suguio, K., Oliveira,A. M. dosS. & Oliveira,
P. E. de (Org.). Quaternério do Brasil. pp. 211-234. Ribeiréo
Preto: Holos, Editora.

Santana, C. D. & Vari, R. P. 2010. Electric fishes of the
genus Sternarchorhynchus (Teleostei, Ostariophysi,
Gymnotiformes); phylogenetic and revisionary studies.
Zoological Journal of the Linnean Society, 159(1), 223-371.

SoaresC. E.A.,Veho,L.F. M., LanaToha, F. A., Bonecker, C. C.,
Ladeiro, V. L. & Bini, L. M. 2015. The likely effects of river
impoundment on beta-diversity of a floodplain zooplankton
metacommunity. Natureza e Conservaggo, 13(1), 74-79.

Socolar, J.B., Gilroy, J.J., Kunin, W.E. & Edwards, D.P. 2015.
How should beta-diversity inform Biodiversity Conservation?
Trendsin Ecology and Evolution, 31(1), 67-80.

Winemiller, K. O., MclIntyre, P. B., Castello, L., Fluet-Chouinard,
E., Giarrizzo, T., Nam, S,, Baird, |. G, Darwall, W., Lujan, N.
K., Harrison, 1., Stiassny, M. L. J., Silvano, R. A. M.,
Fitzgerad, D. B., Pelicice, F. M., Agostinho, A. A., Gomes, L.
C.,Albert, J. S, Baran, E., Petrere Jr., M., Zarfl, C., Mulligan,
M., Sullivan, J. P, Arantes, C. C., Sousa, L. M., Koning, A.
A.,Hoeinghaus, D. J., Sabaj, M., Lundberg, J. G, Armbruster,
J., Thieme, M. L., Petry,P,, Zuanon, J., Torrente Vilara, G,
Snoeks, J., Ou., C., Rainboth, W., Pavanelli, C. S., Akama, A.
van Soeshergen, A. & Saenz, L. 2016. Balancing hydropower
and biodiversity in the Amazon, Congo and Mekong. Science,
351(6269), 128-129.

WWF - World Wildlife Foundation. 2016. A conservation vision
for the Tapaj6s basin. Brasiliaa WWF Brazil. 54 p.

Wu, J., Huang, J., Han, X., Gao, X., He, F, Jiang, M., Jiang, Z.,
Primack, R. B. & Shen, Z. 2004. The three Gorges Dam: an
ecological perspective. Frontiers in Ecology and the
Environment, 2(5), 241-248.

Submitted: 20 July 2016
Accepted: 24 February 2017

Oecol. Aust., 21(3): 222-231, 2017



