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PREFACE

Brazil’s energy matrix consists almost entirely of hydroelectric power plants, because
the country has one of the planet’s largest stocks of water in large river basins with high
potential for hydroelectricity generation. Companhia Energética de Minas Gerais (Cemig),
which is Brazil’s third largest electricity generator, has 66 plants in operation. Of these, 60
are hydroelectric power plants, three are thermal plants and three are wind farms. Total
installed capacity totals 7,038 MW. In recent years Cemig has experienced remarkable
growth. It has acquired new assets to become one of the soundest and most important
companies in Brazil’s electric energy industry. Through its wholly owned subsidiaries
and associated and affiliated companies, Cemig’s operations are coordinated by a holding
company, Cemig, and three subsidiaries: Cemig Generation and Transmission S.A. (Cemig
GT) and Cemig Distribution S.A. (Cemig D), and it also holds stakes in 120 companies, 16
consortia and an equity fund, with assets in 23 Brazilian states and in Chile.

Damming rivers to generate electricity causes a host of modifications to the aquatic
ecosystem, including alteration of the hydrological regime and the vertebrate and invertebrate
fauna inhabiting rivers. Brazil’s electric energy industry has sought to understand the
dynamics of the reservoirs formed when its hydroelectric power plants are built, plus
how managing the territory in which the projects are located can alter water quality and
physical habitat structure. Much of the knowledge about our fish and the water quality of
our rivers and reservoirs has been funded by the industry and we notice a growing concern
with environmental issues to ease impacts caused by impoundment.

The Peixe Vivo Program was launched in 2007 after Cemig’s management realized that
more effective measures were needed to conserve the fish populations in the rivers where
the Company’s projects are located. Its primary actions are summed up in the program’s
mission, which is “To minimize impact on fish populations by looking for management
solutions and technologies that enable Cemig to generate electricity while conserving the
native fish species and involving the community”. Since its creation, the program has worked
on two fronts with one attempting to preserve the fish populations in the state of Minas
Gerais and the other focusing on defining protection strategies to reduce fish mortality at
Cemig’s hydroelectric power plants. Both fronts are attacked in three ways: development
of research projects in association with research centers; conservation actions within the

company itself; and involvement with the community by creating opportunities for citizens
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to express their expectations and suggestions.

After the Peixe Vivo Program was established, we discussed research proposals with
academicians and citizens. On analyzing the research proposal “Development of biotic
integrity indices (IBI) as a tool to assess environmental quality and support restoration
of habitats in fingerling release areas by Cemig’, we saw an important tool that could be
applied in Cemig’s drainage basins and reservoirs. The IBI project was based on applications
in North America, Europe, and Australia, where those indices were developed as tools to
monitor the ecological condition of surface waters at continental scales. In Brazil, work
dealing with IBIs was rare. In general, IBIs incorporate biological data from sites with
differing physical and chemical conditions, consider the effects of multiple stressors, and
synthesize multiple biological measurements into a single value that can be used to assess
the site’s general condition.

Therefore, in 2009, Cemig’s Peixe Vivo Program funded a research partnership that
involved scientists from four Minas Gerais institutions: Universidade Federal de Minas
Gerais (UFMG), Universidade Federal de Lavras (UFLA), Pontificia Universidade Catdlica
de Minas Gerais (PUC-Minas) and the Centro Federal de Educagao Tecnolégica de Minas
Gerais (CEFET-MGQG). In addition, scientists at two U.S. institutions: Oregon State University
(OSU) and the U.S. Environmental Protection Agency (USEPA) participated in the project.
Four study areas were chosen for developing this tool: the reservoir basins at Nova Ponte
on the Araguari River, at Trés Marias on the Sao Francisco River, at Volta Redonda on the
Grande River, and at Sao Simao on the Paranaiba River.

To date over 50 scientific products have been produced, including theses, dissertations,
monographs, journal articles and presentations at scientific meetings. In addition, the
project fostered collaborations among over 40 team members, including data sharing
and joint publications, and stimulated further studies funded by the Agéncia Nacional de
Energia Elétrica (ANEEL)/Cemig during a second phase from 2013 to 2015.

This book is another product resulting from the partnership between the Peixe Vivo
Program and Research Centers and the project’s multidisciplinary team. The information
presented here is in line with the Program’s guiding principles: objectives and adopted
environmental conservation strategies must be scientifically defensible, and everyone
involved must be committed to transparency regarding disclosure of the information
produced for society. The book chapters describe initial research towards developing indices

of biological integrity for use in environmental assessment of hydropower watersheds in
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neotropical regions, and they offer major contributions to the level of knowledge regarding
the conservation of important river basins in Minas Gerais. We believe this book will
stimulate the interest of environmental students, researchers, analysts and managers in
what will become important tools for improving the environmental quality of reservoirs and
watersheds throughout Brazil—including the importance of working as multi-disciplinary

research teams.

Enio Marcus Brandio Fonseca
Superintendent for Environmental Management of Generation and Transmission
Companhia Energética de Minas Gerais

Newton José Schmidt Prado
Manager for Studies and Management of Ichthyofauna and Special Programs
Companhia Energética de Minas Gerais

Raquel Coelho Loures Fontes
Coordinator of the Peixe Vivo Program
Companhia Energética de Minas Gerais
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FOREWORD

In his book, Collapse, Jared Diamond discussed the reasons for the collapse of some
civilizations. According to the author, a common denominator to many such collapsed
civilizations was the unsustainable use of resources. The unsustainability results largely
from our ignorance about our world, which requires reconciling the desired population
and economic welfare with the preservation of that world for future generations. Given that
human actions cause changes in our environment, it is essential to document, understand,
and quantify their implications for biodiversity, ecological processes that maintain the
systems, and ecosystem services to humans.

Understanding the relationship between the environment and human activities has
been led primarily by academia. However, some industries have themselves taken in
their hands the responsibility to learn about the environment where they carry out their
activities and the ecological effects of their own activities. To fulfill these objectives they
frequently monitor changes in ecosystems. What for some might seem nonsense (what is
not known, does not exist), for others it is a necessity to learn about the ecological system
in order to apply scientifically sound management decisions so as to avoid, minimize and/
or mitigate ecological changes. Cemig is one such industry.

The program for monitoring and evaluating environmental quality in streams and
hydroelectric projects supported by Cemig is a venture that requires a multidisciplinary
approach carried out by a large number of researchers from various universities of Minas
Gerais and other Brazilian states. This partnership involves ichthyologists, invertebrate
specialists, geographers, hydrologists, statisticians, and many others. The teams have
established partnerships with international experts from leading institutions, such as
Oregon State University and the Environmental Protection Agency, both in the United
States. In addition to these major partnerships others were established with scientists from
Spain and Portugal.

The sampling network is unique in terms of number of sites, and biological and
environmental parameters. It generated data allowing the establishment of relationships
between the environment and the assemblage structure of fish and macroinvertebrates.
Those studies have generated a large number of scientific publications, many in international
journals. The studies were also the subjects of undergraduate mongraphs, masters theses,
doctoral dissertations, post-doctoral articles and magazine articles for the general public.

In addition, the research generated an impressive amount of data that, when properly
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placed in databases, may provide information on the distribution of species and their
vulnerability. The data will be important in the identification of bioindicators of prevailing
environmental conditions and life-histories of species. These databases also can be used
to learn how communities respond to situations of global changes in climate, land use,
biodiversity loss, and increased nutrient loading on inland waters. Knowledge about the
effects of global change can be analyzed following the strategy of the “reference condition
approach” used in reverse, i.e, taking the current conditions as a reference so that future
deviations can be expressed quantitatively and in probabilistic terms. Those deviations
could result from further deterioration of current environmental conditions or improved
conditions resulting from better management practices (e.g., widespread use of wastewater
treatment plants, changes in the size of riparian buffer zones, dam removal). However,
to make such quantitative comparisons, biotic and abiotic sampling should always be
standardized. This was precisely the first step carried out by the working groups, which led
to protocols that were tested under a wide range of natural and anthropogenic conditions.

This book tells a story. Where did the idea of assessing environmental quality in
watersheds of hydropower projects come from? How did the researchers plan their research?
Which were the main challenges and outcomes and what are their plans for the future?
Cemig and the researchers who worked on this project provide a great service to science
and the environment. This is their story.

Manuel A.S. Graca

Coimbra, 22 December 2013
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1 = INTRODUCTION

In this Chapter we summarize the book’s major findings to aid employees of Cemig
and other enterprises in their decision-making processes. The information includes 1)
key metrics for assessing sediment transport; 2) anthropogenic disturbance assessments;
3) biodiversity inventories; 4) environmental metrics that best explain macroinvertebrate

and fish taxa richness; and 5) sampling recommendations.

2 — RESULTS

2.1 Sediment Transport

Relative bed stability, percent fine sediments, and sediment critical and geometrical
diameters indicated differing potentials for stream sediment transport among the four
drainages (Santos et al., THIS VOLUME). Likewise, differing levels of land use, riparian
vegetation condition, and riparian human disturbance were associated with those differing
sediment transport levels. The relative bed stability (LRBS) in the Volta Grande drainage
was close to zero, meaning that the stream beds there were less like to erode than those
in the other drainages, where higher levels of percent fines also indicated that they were

transporting sediments.

2.2 Anthropogenic Disturbance Levels of the Study Sites

Varying levels of local- and catchment-scale anthropogenic disturbances affect stream
habitats and their biological assemblages (Callisto et al., 2001). Efficient conservation,
management practices, and decision-making depend on knowledge of stream ecological
conditions and indentification of the most vulnerable areas and the major landscape and
hydrological pressures (Callisto et al., 2012). By employing an Integrated Disturbance Index
(IDI) (Ligeiro et al., 2013; THIS VOLUME), we estimated how many and which sites were
in poor and good condition—independently from their biology (Figure 1). In general,
Nova Ponte sites had greater disturbance levels than Tres Marias sites; however more
Nova Ponte sites were in good ecological condition. Least-disturbed sites were generally
found inside conservation units (e.g., the Cemig Galheiros Environmental Station) or in

less populated regions little used for agriculture or pasture (Figure 2). On the other hand,
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highly disturbed sites were found near cities or large mechanized agricultural ventures. In
the latter situations, the stream channels and surroundings were significantly disturbed,
with silted beds, a lack of riparian vegetation, and pollution discharges (e.g., the stream
that runs through Araxa; Figure 3). Such environmental diagnoses can aid decision-makers
in wisely allocating resources for reclaiming degraded areas and protecting key areas for

maintaining aquatic biodiversity.
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FIGURE 1. Anthropogenic disturbance plane representing local and regional scale disturbance levels of
sites. The further from the origin of the plane (zero on both axes), the more disturbed the site. Sites located
in the blue, light blue, and green ellipses represent sites with low, intermediate, and high anthropogenic
disturbance, respectively.

CHAPTER 1 @



Soranow s0ma00w S0°00W AT 45 20TW 450w AL2007W 450w A8"I0W
L 1 L H 1 L

[530 Sim3o[ casteiangia - Trés vaas [Trés Marias|

e, Pan g
p - » s iy S8 Ga do AtSEhe . - L
& . i ‘{T A g
r i vt L ] -
: - : Ao
b }:ﬂf;Mb{.ﬂiprgﬂ
N 2

T
18°40°0rS

18°407°8
i

T
19U0°S

15°00°5
L

T
152003

Parand Rver Basin an L |—N0"a PCII"IT&J
580 Francisco River Basin E volta Grande m > I[ai.;]:.ﬂ‘_linis L1 '-\Pau@fiﬁo -g
: S T~ ® E
Dk Sy Area 2 Ubsrpka ) ® .5—-\_ B
C2 viersies ) Saita o
> Feservor Salitre
Ecological Condition I
® Gow B
& Intermedale
& Pox w
D I
0 10 20 40 Km| 5 A .E

T T nas T T T T
AR AT AT L. Gerals AT7A00W 4T TW AT0TW 540w
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and Sdo Simao drainages.

FIGURE 3. Example of a disturbed site in poor ecological condition (Nova Ponte drainage).
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2.3 Stream Fish Assemblages

Overall, we collected 19,229 individuals and 144 species, ranging from 38 species in the
Nova Ponte drainage to 64 species in the Sdo Siméo drainage (Table 1; Leal et al., THIS
VOLUME). Those totals represent from 14% to 21% of the known species richness for the
drainage basins. Characidium zebra and the Astyanax scabripinnis species complex were
the most abundant. Most of the collected species were native to the basins studied. The
three exceptions were the barrigudinho Poecilia reticulata, collected in all regions and the
tilapias, Tilapia rendalli and Oreochromis niloticus, collected from the Volta Grande and
Séo Simdo drainages, respectively. Overall, we found ten new species: Astyanax sp.n. (gr.
scabripinnis), Astyanax sp.n. 2 (gr. scabripinnis), Characidium sp.n., Characidium sp.n. (gr
fasciatum), Rhamdiopsis sp.n., Trichomycterus sp.n. 1, Trichomycterus sp.n. 2, Trichomycterus
sp.n. 3, Hisonotus sp.1, and Hisonotus sp.2. In addition to these, another ten species (of
the genera Astyanax, Characidium, Harttia, Hisonotus, Hypostomus, Neoplecostomus,
Rineloricaria, Serrapinnus, and two genera of the Hypoptopomatinae and Glandulocaudinae
subfamilies) are still being evaluated as potentially new species. These results indicate that
even in relatively well-studied drainages, probability stream surveys can increase aquatic
biodiversity knowledge. However, we failed to collect most of the basins’ species because
they are large-sized and large-river species that do not naturally occur in headwater streams,
and we only sampled 4o sites per basin.

Our results also indicate that even in highly altered landscapes it is possible to find
watercourses with a wide range of stream habitats and a rich stream ichthyofauna. The
among-site (or beta) diversity was responsible for much of the total (gamma) diversity in
both the Upper Parana River Basin (39.7%) and the Upper Sdo Francisco River Basin (88.3%),
indicating the importance of habitat differences to regional diversity and conservation

planning at basin scales.
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TABLE 1: Ichthyofauna of Nova Ponte (NP), Trés Marias (TM), Volta Grande (VG), and Sao Simao (SS)
stream sites.

Total number of individuals 4,330 5,910 3,472 5,627
Average number of individuals/ site 113 151 89 144
Number of species 38 58 44 64
Average number of species / site 6 6 6 10
Number of species of commercial interest 3 4 4 8
Number of introduced species 1 1 2 2
Number of species new to science 3 2 3 1

2.4 Stream Benthic Macroinvertebrate Assemblages

For macroinvertebrates, we collected an average of 584 to 1915 individuals and 24 to 26
families per site (Table 2; Ligeiro et al., THIS VOLUME). Trés Marias sites had the greatest
total family and EPT (mayfly, stonefly, caddis fly) richness, and we found no introduced
mollusks at the Nova Ponte sites. Volta Grande sites had markedly fewer EPT and Volta
Grande and Sdo Simio sites supported substantially more chironomids and oligochaetes
than did the sites of the other two drainages. Together, these metrics suggest that the
Volta Grande and Sao Simdo drainages are more disturbed than the Nova Ponte and Tres

Marias drainages.

@ SERIE PEIXE VIVO — ECOLOGICAL CONDITIONS



TABLE 2: Benthic macroinvertebrate biodiversity in Nova Ponte (NP), Trés Marias (TM), Volta Grande
(VG), and Sio Siméo (SS) stream sites.

TS R T N

Number of individuals 23,356 72,973 76,582 56,410
Number of families 70 80 71 71
Average number of families / site 242 26.5 24.4 24.7

% EPT 26.8% 22.1% 18.4% 24.8%
Number of EPT individuals 6,264 16,162 14,070 14,013

% Chironomidae + Oligochaeta 42.8% 47.4% 58.4% 56.3%
Invasive mollusks - Melaert)aides %Z:ZZZZI Melasrlgoides

Melanoides sp.

Smooth flow
+ pool
Relative
ijr;ﬁgl‘“ stability of
% cobble Stz:?ilgczled Smooth flow +
Physical habitat metric that influence Shelter and diameter of gravel / Stones
EPT genera richness wood debris I — Smooth flow +
Slope leaves
o 5 Wetted
% agriculture width mean
% pasture area
Dissolved
oxygen
Number of EPT families 19 20 17 16
Number of EPT genera 62 65 63 56

2.5 Reservoir Benthic Macroinvertebrate Assemblages

Reservoir sites were dominated by chironomids (nonbiting midges) in all cases but
Volta Grande, which were dominated by introduced mollusks and tolerant taxa (Table 3;
Morais et al., THIS VOLUME). Nova Ponte also supported a substantial percentage of
introduced individuals. The prevalence of resistant taxa resulted from the dominance of
chironomids in all four reservoirs. The Chironomidae occupy a diversity of habitats because
of their capacity to exploit different food resources, reproduce rapidly under a variety of
conditions, and tolerate fine sediments, a common characteristic of the reservoirs studied.
The greater percentages of introduced and tolerant taxa in Volta Grande indicate that it is

more disturbed than the other three reservoirs.
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2.6 Reservoir Fish Assemblages

We collected fewer fish species and families from Nova Ponte and substantially more
species, migratory species, and introduced individuals from Sdo Simao, although Trés
Marias produced the most individuals (Table 4; Sanches et al., THIS VOLUME). Seventy
percent of the individuals we collected from both Sao Simao and Volta Grande were
introduced species, indicating potential biological disruption of the native fish fauna and

supporting the macroinvertebrate results.

TABLE 3: Benthic macroinvertebrate biodiversity in Nova Ponte (NP), Trés Marias (TM), Volta Grande
(VG) and Séao Simao (SS) reservoirs.

. ——

Number of individuals 1,116 3,737 3,725
Number of families 18 23 17 14
Number of Chironomidae genera 21 24 23 26
% Chironomidae + Oligochaeta 80 74.18 17.7 96
% introduced mollusks 0.16 1.2 80.7 0.01
% introduced individuals 10.5 1.3 80.8 0.01
% tolerant taxon distribution 50 62.5 90 57.5

TABLE 4: Ichthyofauna of Nova Ponte (NP), Trés Marias (TM), Volta Grande (VG), and Sao Simao (SS)
Reservoirs.

Number of individuals 2,463 3,843 1,488 2,843
Number of families 12 17 14 18
Number of species 29 37 30 48
Number of migratory species 4 5 4 9
Number of introduced species 5 3 7 9
Number of introduced individuals 222 769 1,042 1,990
Percent introduced individuals 9 20 70 70
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2.7 Environmental Predictors of Fish and Macroinvertebrate Taxa Richness

Stream habitat metrics related to flow, slope, substrate, site width, and dissolved oxygen
explained most of the EPT richness variability (Macedo et al., 2014; Ligeiro et al., THIS
VOLUME). In brief, our study demonstrated the importance of local physical habitat factors
on the structure and distribution of EPT assemblages, and in the feeding of Phylloicus
larvae in Cerrado streams (Ferreira et al., 2014).

Reservoirs are altered systems, which makes it difficult to apply the reference area
concept. Only Nova Ponte and Trés Marias Reservoirs had sites with a large proportion of
natural ground cover (non-cultivated areas; Morais et al., THIS VOLUME). In addition, as
a general rule, the presence or proximity of tributaries had a positive effect on fish species
richness and abundance (Sanches et al., THIS VOLUME). Therefore, such sites could be
classified as the least disturbed. On the other hand, sites close to the dam produced the
lowest richness and fewest individuals, suggesting that they were the most-disturbed sites.
At Trés Marias, however, we observed most-disturbed sites along the entire reservoir,

without a clear concentration in the area close to the dam.

2.8 Sampling Recommendations

We sampled 40 randomly selected stream sites in each drainage to assess fish and
benthic macroinvertebrate assemblage condition. That number of sites was sufficient for
estimating macroinvertebrate family and EPT richness in the drainages (Ligeiro et al., THIS
VOLUME), but still underestimated total family richness. For fish, we found that greater
site lengths could produce meaningfully more species; however, even more species could
be obtained by adding new sites, especially in larger rivers (Leal et al., THIS VOLUME).
Therefore we recommended sampling 40 sites across a range of stream sizes for basin-
wide ecological assessments, but a much greater number for completing biodiversity
inventories of aquatic taxa.

We also sampled 40 randomly selected sites in each reservoir. We obtained meaningful
estimates of macroinvertebrate family richness with that level of effort, but additional
families could be collected by sampling more sites (Morais et al., THIS VOLUME). However,
as with streams, sampling more reservoirs would yield even more taxa. In addition, because
reservoir sites are not independent and show limnological patterns in different portions of

the reservoir (Sanches et al., THIS VOLUME), fewer than 40 sites may suffice for making
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meaningful ecological assessments of a reservoir (Molozzi et al., 2011; Kaufmann et al,,
2014). Finally, because kick nets usually produced more macroinvertebrate taxa (Morais
et al., THIS VOLUME), and because boat electrofishing is commonly used for sampling
reservoir littoral areas (Miranda & Boxrucker, 2009), we recommend employing these

techniques in a standard manner in Brazilian reservoirs.
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1 = INTRODUCTION

In this chapter, we share what we have learned from working with our Brazilian colleagues
on a multi-university, multi-year, and multi-basin ecological assessment and how those
experiences were transmitted more broadly. These lessons (each of which is described in
subsequent paragraphs) included 1) learning about markedly different ecosystems; 2) values
to the U.S. Environmental Protection Agency (USEPA) of testing monitoring protocols in
those ecosystems; 3) applying lessons from the Cemig (Companhia Energética de Minas
Gerais) project to research on other continents and elsewhere in Brazil; 4) advantages of
academic team research; 5) benefits of corporate-sponsored research and federal student
scholarships; 6) communicating with the general public; 7) the research web that has

developed out of our work in Brazil; and 8) experiencing Brazilian culture.
2 — TROPICAL ECOSYSTEM RESEARCH

Although we both had lived and worked previously in tropical and subtropical
ecosystems, we had not had the opportunity to conduct fieldwork in those systems or
to prepare manuscripts on our research regarding what we had learned about them. We
found stream reference sites in Brazil that were less disturbed by humans than those that we
typically encountered throughout the USA, except for those in remote wilderness areas and
in USA national parks. The aquatic biotic communities inhabiting those sites and others
generally appeared to be more intact than those we encountered in the USA. Nonetheless,
at the site scale, we found about the same number of taxa in streams as in many USA sites,
with much of the diversity occurring among sites. That among-site diversity was greater
than that in all but the richest biotic regions of the USA. Other differences that struck
us were the smaller amount of large woody debris, and the greater amount of leaves, in
forested streams than we find in forested USA streams. Also there apparently was a greater
tolerance of riparian forest removal by fishes in Brazilian streams. Thus, despite many
similarities between subtropical and temperate streams, understanding their ecological
differences is also key to effective conservation and rehabilitation.

Although economic development came later to Brazil than to the USA or Europe, the
recent rapid development of hydroelectric systems, agriculture, urbanization, and mining

in Brazil are now seriously threatening Brazilian ecosystems, sustainable economies,
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and the quality of human life. Thus it is critically important for Brazil to act rapidly to
protect its terrestrial and aquatic ecosystems to avoid the massive ecosystem destruction
and widespread species extinctions that population growth and economic growth have

produced elsewhere (Limburg et al., 2010).
3 — USEPA PROTOCOL TESTING

A basic goal of all ecological sciences is to arrive at global laws, theories, and
generalizations. To do so, it is essential to be able to sample ecosystems in a globally
consistent or comparable manner. Therefore it has been of considerable value to the
USEPA, as well as aquatic ecosystem science, to be able to implement essentially the same
field protocols in Brazilian streams and reservoirs as we use in surveys of streams, lakes
and reservoirs in the USA. In fact, the entire suite of USEPA protocols for both streams
and reservoirs (including fish sampling) were first implemented as a combined set in Brazil
during the Cemig project. We were impressed by how rapidly and carefully our English-
language field protocols were translated, learned, and implemented by students who had
had no prior experience with such methods. Also the protocols were carefully modified
when necessary. The applicability of the USEPA field protocols in Brazil and other countries
also led to their greater acceptance by state agencies within the USA. We often stated that
if four Brazilian students could sample stream sites under very difficult tropical conditions,
a crew of USA state employees should be able to do so as well.

The fact that we could apply the USEPA field protocols in the Cerrado (savanna)
ecosystem streams of Brazil gave us confidence that we could do likewise in eastern
Amazon (Gardner et al., 2013), Atlantic Forest (Terra et al.,, 2013b), and eastern Chinese
(Chen et al., 2014; Li et al,, 2014) streams. After demonstrating our Cerrado results to
senior Chinese scientists and students, they were more willing to implement our protocols

and subsequently publish their results than if we had only showed them our USA results.
4 — ACADEMIC TEAM RESEARCH

In most of our research careers, we have worked in a USEPA laboratory as contractors,
university grantees, or federal employees on an interdisciplinary research team. As we enter

further into the Anthropocene, it will become increasingly necessary to collaborate across
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disciplines and political jurisdictions if we are to make our research politically and socially,
as well as scientifically, useful. In other words, we must think and act both locally and
globally (or regionally) if our science is to be globally (or regionally) applicable. Whenever
possible, this collaborative team approach should be implemented with our graduate and
undergraduate students so that they learn the team and data sharing skills early in their
careers (Hughes, 2013; Hughes et al., 2014).

We were impressed by the team approaches among professors and graduate and
undergraduate students from different universities that we worked with in Brazil (e.g.,
Pinto et al., 2009; Molozzi et al., 2011; Oliveira et al., 2011; Gardner et al., 2013; Ligeiro et
al.,, 2013a,b; Terra et al., 2013a;b; Jimenez-Valencia et al., 2014; Macedo et al., 2014; Ferreira
et al., 2014; Ferreira et al., In Press a; Silva et al., 2014; Tupinambds et al., In Press). We
especially enjoyed observing how Brazilian students collaborated on fieldwork, data sharing
and analyses, and manuscript preparation, exemplifying a team spirit versus a competitive
spirit. The Cemig and RAS (Rede Amazdnia Sustentavel) projects allowed students to
undertake much more complex and extensive research projects than any single student
or principal investigator could approach alone. And those projects appear to be leading
to institutional changes in Brazil. We also have observed this teaming approach among
graduate students in Austria (Trautwein et al., 2012; Schinegger et al., 2012; Mostafavi et
al., 2014), Bolivia (Ibanez et al., 2009; Moya et al., 2011), China (Chen et al., 2014; Li et al,,
2014; Wang et al. In Press), France (Marzin et al., 2012) and Portugal (Oliveira et al., 2009;
Seguradao et al., 2011). Clearly, university researchers in Brazil and these other countries
are more willing to experiment and try new approaches than are government agencies in

the same countries.
5 — RESEARCH FUNDING

In the USA, we have not observed or participated in research funded by a corporation
such as Cemig. Thus, this has been an eye-opening experience, and we were impressed
by the research funding and freedom provided by Cemig. Similarly, the existence of, and
access to multiple field stations supported by corporations and open to universities offers
opportunities unavailable to USA university students.

To a greater extent than in the USA, the Brazilian government funds university

student scholarships and post-doctorate study outside Brazil via the Coordenacio de
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Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq) Science without Borders program.
In the USA, few ecology students are funded to study abroad and many have to take out
substantial loans to fund their educations. Education in research universities will pay

positive benefits as these students develop their own research careers in other institutions.
6 — PUBLIC COMMUNICATION

Both Projeto Manuelzdo (see below) and the Cemig project support presentations and
publications designed to communicate with the general public (e.g. Macedo et al,, 2012).
This is very important for at least two reasons: 1) as taxpayers and ratepayers the public
has a right to know how those portions of their taxes and rates are being spent; and 2) such
publications and presentations are an excellent means of educating the public about aquatic
ecology and conservation. Note, Projeto Manuelzéo is focused on ecological and public
health research, monitoring, public education, publication, and citizen action designed to
rehabilitate the Rio das Velhas Basin (http://www.manuelzao.ufmg.br). To date, its activities
have contributed to substantial improvements in the water quality of the Rio das Velhas
and the return of large migratory fish species. We both remember an incident at a Belo
Horizonte café where we were told we did not have to pay for a snack because we were
wearing Manuelzdo T-shirts. As social media such as Facebook and blogs become more

common, it will become increasingly useful to use those communication avenues as well.
/ — RESEARCH WVEB

It is critically important to publish research results and present them at meetings—in
fact not doing so means the research is incomplete. We became involved with the Cemig
project because we both presented research results at a mini-course and a symposium at
the 2001 Brazilian Society of Ichthyologists meeting in Sao Leopoldo, where we first met
Carlos Alves and learned about Projeto Manuelzédo. In 2003, several Brazilian scientists
met with us again at the Manaus meeting of the American Society of Ichthyologists and
Herpetologists and again in Belo Horizonte. Those meetings led to subsequent presentations
and mini-courses at the Universidade Federal de Minas Gerais (UFMG), Universidade
Federal de Lavras (UFLA) and Pontificia Universidade Catolica de Minas Gerais (PUC-
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Minas) in 2007 and 2009, the initiation of the Cemig project in 2009, Fulbright-Brazil
grants in 2007 and 2010, and a Brazil-USA workshop in Corvallis in 2011. The mini-courses
also led to collaborative research in Rio de Janeiro (Pinto et al., 2006, 2009; Oliveira et al.,
2011; Terra et al., 2013a, 2013b; Jimenez-Valencia et al., 2014), Para (Gardner et al., 2013),
Europe (Oliveira et al., 2009; Segurado et al., 2011), and Bolivia (Ibanez et al., 2009; Moya

etal, 2011) (Figure 1).
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FIGURE 1. The research web emanating from the 2001 Brazilian Society of Ichthyologists meeting in Sao
Leopoldo. Bold fonts indicate professors or senior researchers, during the initial research phases.

8 — BRAZILAN CULTURE

It is not only the ecological research and the current and planned journal publication
efforts that have continued to engage us in the Cemig Project. We have been impressed

by the ability of the research team leaders to plan ahead for contingencies that inevitably
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happen (Plans B, C, etc.). An equally interesting trait is the ability to improvise when
equipment fails or does not function properly (jeitinho brasileiro, a little Brazilian way).
Even more enjoyable have been the people of the Project; the research group has become
like family sharing the challenges, disappointments and joys of our research and our
personal lives. In addition to our Brazilian colleagues and friends, we enjoy the Brazilian
food, music, dance, celebrations, and adventures, and we relish entertaining and working
with those people when they visit us in the USA. This samba atmosphere makes the hazards
of fieldwork and the challenges of journal publications fun.
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1 = CEMIG'S MOTIVATION

Cemig Geragdo generates hydroelectricity at 59 plants, mostly in the state of Minas
Gerais. With so many plants, the company owns projects in virtually all the state’s river
basins, creating a major challenge for managing programs designed to ease environmental
impacts of those plants.

The major environmental impacts resulting from deployment of hydroelectric plants
involve the fish in the impounded rivers. These impacts are particularly serious for migratory
species that have different environmental requirements for completing their life cycles.
Impoundment of any river segregates fish populations existing in the area and can separate
areas essential for maintaining migratory species such as spawning locales, fingerling
development areas, and feeding sites. Non-migratory species are affected by reservoirs
also because reservoirs convert lotic systems into lentic systems that are unattractive
environments for fish species that have evolved in flowing waters.

Cemig Geragio efforts to conserve native fish populations go back 40 years. The
first program developed was the fish stocking program, which in Cemig Gera¢io’s case
began with building the Volta Grande Fish Farming Station in 1974. These programs
were of fundamental importance for learning about our native fish species’ reproductive
mechanisms, and created conditions for mass production of fingerlings that are currently
released into most of southeastern Brazil’s reservoirs. However, with increased scientific
knowledge of the ecology of migratory fish species, several questions arose regarding
the effectiveness of stocking programs to conserve native fish populations. Clearly, new
scientific strategies and approaches were needed to address fish conservation.

Cemig Geragdo began discussions with other utilities as early as the 1990s, and these
discussions intensified significantly in the 2000s following disclosure of a number of
publications relating the success of salmon stocking programs with the environmental
quality of receiving environments. In 2007, company technicians took part in a seminar
organized by the Universidade Federal de Minas Gerais (UFMG) and the Manuelzédo
Project (PMz) to revitalize the Velhas River (MG) by incorporating biomonitoring and
using Indices of Biotic Integrity (IBI). On that occasion, international researchers presented
results, particularly from the United States, where the index was being used as an indicator
of river condition nationwide.

Implementing a project to adapt the methodology developed in the United States to
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Brazil became a company priority. That was when we noticed the methodology’s potential
for improving our ability to manage environmental programs developed in river basins
affected by company plants. We had special interest in using the information obtained
to improve our native fish stocking program, by using areas with better environmental
conditions for stocking and, thus, increase fingerling survivorship and integration with wild
populations. With the creation of the Peixe Vivo Program in 2007, we made developing
Indices of Biotic Integrity for basins in Minas Gerais one of four priorities. Therefore in
2009 we developed a research partnership with the Federal University of Minas Gerais
(UEMG), Federal University of Lavras (UFLA), Pontifical Catholic University of Minas
Gerais (PUC-MINAS), and Federal Technological Education Center of Minas Gerais
(CEFET-MG). Oregon State University (OSU) and the U.S. Environmental Protection
Agency (USEPA) were connected to the project through the above universities.

While developing the project we realized that its potential went far beyond what we
had thought at first. The project information also could be used to improve management
not only of the company’s fish stocking program, but also to introduce riparian vegetation,
assess water quality, and alleviate erosion and sedimentation in reservoirs. The assessments
done in the streams and the reservoir littoral areas provide essential data and analyses to
improve the environmental programs implemented. It is now a priority to collaborate
with the other hydroelectric generation utilities operating in Minas Gerais and with state
environmental management and inspection agencies to incorporate the assessment of
biotic, chemical and physical (i.e., ecological) integrity into the monitoring of the state’s
water resources. Systematically monitoring a number of environmental metrics into the
analyses already occurring should bring major gains to environmental management in
Minas Gerais. Including new indicators and implementing a more comprehensive method
of assessing impacts should pay dividends for the state’s water resources and their human
users. We believe the company’s pioneering initiative to accomplish a project of this nature
in the state of Minas Gerais will yield important fruits for our society in the near future.
In particular, it will provide a management tool based on our own experiences and our
rich biodiversity to boost the conservation status of the rich aquatic ecosystems, which

are not only our privilege to enjoy, but also our responsibility to preserve.
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2 — INITIAL CONTACTS WITH U.S.A. PARTNERS AND
CONSTRUCTION OF CEMIG-UNIVERSITY PARTNERSHIPS

In 1999, a few years after UFMG’s Manuelzio Project (PMz) was created, biologists Paulo
dos Santos Pompeu and Carlos Bernardo Mascarenhas Alves conducted research on the
fish populations in the Velhas River. Their initial aim was to update a species inventory
and assess the possibility of the fish returning after treated sewage was released into the
river. We had the opportunity to follow the changes in the fish fauna in this basin that
resulted from multiple activities implemented by PMz but, from the start it became clear
that our approach to the biological integrity of the basin’s different environments needed
modification.

During the 2001 Brazilian Ichthyology Meeting, Bob Hughes and Phil Kaufmann gave
a mini-course entitled “Assessing the Associations among Fish, Habitat and Land Use on
a Regional Scale” and presentations on “Tropical and Subtropical Adaptations of an Index
of Fish Assemblage Integrity” and “Examining Associations Between Fish Assemblages
and Physical Habitat” This was the first contact to attempt a partnership with these two
researchers. The idea was to adapt and apply the biotic integrity approach and field protocols
widely disseminated in temperate North America for environmental assessments in Brazil.

In step with the fish biomonitoring work in the Velhas River, we invited the Benthic
Ecology Laboratory (LEB) team from UFMG to broaden the study approach by
incorporating water quality and aquatic invertebrate parameters. This partnership bore
fruit with important information obtained on environmental quality in the basin and
personnel training involving professional research biologists, Ph.D. students, M.Sc. students,
and B.Sc. students. This partnership (PMz/LEB) gave rise to NuVelhas (Transdisciplinary
and Transinstitutional Nucleus for Revitalization of the Velhas River basin). A number of
environments (streams, major tributaries, the Velhas River mainstem, backwaters) were
studied along a gradient between minimally disturbed and severely polluted sites.

After the exchange of hundreds of e-mails, videoconferences, and a visit by Dr. Hughes to
Minas Gerais in 2003, we decided to begin research on developing indices of biotic integrity
(IBI). While we were seeking funding to implement this approach in the Velhas and Sao
Francisco River Basins, Cemig staff attended one of our outreach seminars and became
interested in applying this technology to its reservoir drainage basins. Subsequently an

agreement involving the four Minas Gerais universities, two U.S. institutions, and dozens
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of scientists, with financial support from Cemig’s Peixe-Vivo Program, was developed.

Under this project!, 4 areas were selected for study: the reservoir basins at Nova Ponte,
on the Araguari river, Trés Marias, on the Sao Francisco River, Volta Grande, on the
Grande River, and Sao Siméo, on the Paranaiba River. Forty sites were chosen on tributary
streams in each project and another 40 sites along the reservoir littoral area, totaling 320
sampling sites, an endeavor seldom encountered in Brazilian research work. In addition,
40 Nova Ponte sites were resampled 4 years later to assess temporal and crew variability—
information needed for selecting biological metrics.

The new approach broadens environmental assessment, previously limited to collecting
water quality parameters, invertebrates and fish, with catchment scale natural variables
(geology, vegetation) and land use (urban, agriculture, pasture, silviculture) and local
scale data (riparian vegetation, channel morphology, flow types, bed substrate, fish cover,
human disturbance etc.).

The adaptations proposed in the aforementioned US-EPA protocols, now translated into
Portuguese, can be applied in other Brazilian river basins by scientists to standardize and
unify methodologies that make information produced during environmental licensing,
monitoring and scientific research comparable.

The progress achieved in the project’s first five years has expanded use of the biotic
integrity methodology in Brazil via theses, dissertations, monographs, and scientific journal
articles. Another outcome of this partnership was Cemig’s manifest interest in renewing
the agreements through FAPEMIG (Funda¢do de Amparo a Pesquisa de Minas Gerais)
and Research and Development (P&D ANEEL?%/ Cemig), in 2013.

3 = MANAGEMENT OF THE IBFCEMIG PROJECT:
PLANNING, LOGISTICS, AND INTEGRATION THAT
FACILTATED FIELD AND LABORATORY ACTIVITIES

To develop this project’s field and laboratory activities, a host of planning, management
and logistics actions were needed, including organizing the field and laboratory teams,
organizing and procuring materials and services, managing and organizing training

and citizen events, and classroom and field instruction. Additionally, airfares, visas and

1 Development of Indices of Biotic Integrity for Environmental Quality Assessment and Support for the Restauration of
Habitats in Fingerling Release Areas.
2 ANEEL = Ageéncia Nacional de Energia Elétrica.
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accommodations for our U.S. partners were needed for the planned training programs,
lectures, workshops, technical meetings, and data analysis activities.

The team coordinators from the four universities (UFMG, UFLA, PUC-Minas and
CEFET-MG) participated in periodic action planning meetings. Within each team, scientists
from different academic levels were involved in organizing materials and procedures for
the field and laboratory activities for the duration of the project. From the start, organizing
teams for field and lab work as well as data analyses and manuscript co-authorship in each
Brazilian and American institution harmonized responsibilities and competencies. At the
Brazilian institutions, associate researchers, Ph.D., M.Sc. and B.Sc. students were selected.
On the US. side, a Cooperation Agreement was formalized between UFMG (coordinating
institution) and OSU.

The field and laboratory material used included a large number of items and specific
details that were only determined after the methodology and knowledge of the protocols
to be applied had been detailed. Some of the equipment and materials used to assess
physical habitat structure was imported from the U.S. To this end, full specifications,
quotes and applications to the Imports Department of the Fundac¢do de Desenvolvimento
da Pesquisa (FUNDEP) were instituted. FUNDEP is an institution accredited by the
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq) under Federal
Law no. 8,010/90, which provides for tax exemption on products intended for scientific
and technological research. To acquire items on the domestic market, full specifications,
quotes and applications to the FUNDEP Procurement Department were also necessary.
For items available on the domestic market we accelerated the purchasing process and
minimized mistakes by contacting suppliers in advance and negotiating priority materials
and minimum delivery time. The partnership and management by FUNDEP facilitated
international and domestic purchases in a rapid and economical, manner while ensuring
equipment quality, critical features in managing a large project with many researchers and
institutions involved.

The project’s first action involved joint training of the teams on the new approach to
be used in the IBI-Cemig Project, during which the U.S. colleagues also participated.
On their first visit, the U.S. partners led a theoretical/practical course at Serra do Cipo
(November-December 2007). Acquisition of flights and visas required adjustments to
agendas, negotiated at a distance through an intensive exchange of emails. Accommodation

at a hotel or at UFMG's student residence (a vacancy arranged with the Post-Graduation
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Pro-Deanship) involved students and professors to reduce security risks and difficulties in
adapting by the U.S. colleagues. This arrangement also increased personal contacts with
several team members and strengthened personal and academic relationships among the
research team. The second visit (the start of practical activities using the IBI methodology)
was determined after the itineraries of the U.S. researchers were set and in a general meeting
(September 2009) during which field team training and the materials needed to perform
the methodology to be adopted were established.

Before the first collection, a second theoretical-practical course was administered at
UEFMG (September 2009), the training program was planned, and the first field campaign
was carried out (September-October 2009). The training course was held at the Galheiro
Environmental Station, with support from Cemig (owner of the reserve) and from the
UFMG Graduate Program in Ecology, Conservation and Management of Wildlife, (PG-
ECMVS/UEMG) where the training programs theoretical course was administered. The
planning comprised accommodation (lodging and tents) for the entire team (c. 40 people),
food (hired in the region), and transportation. Following the Galheiro training, hotel
rooms were booked in the Nova Ponte Reservoir drainage area for all four field teams.
Hotels were located strategically at central sites relative to several sampling stations, so
as to avoid long and unnecessary travel. In addition to the UFMG Benthic Ecology Lab’s
and the UFLA Fish Ecology Lab’s pickup trucks, four-wheel-drive extended-cab vehicles
were rented capable of carrying 4 to 5 people and the collection gear.

Before sampling Nova Ponte Reservoir, we held a reservoir training session to ensure
that all field personnel were adept at using limnological sampling gear. To sample 40
stations in each reservoir, approximately 15-20 collection days were required. To do that,
we established two independent teams, each with two small motor boats. Each team
consisted of three biologists and a fisherman. During Trés Marias Reservoir sampling, we
also used a houseboat from Companhia de Desenvolvimento do Vale do Sdo Francisco
(CODEVASEF) as our base. We used the houseboat for crew lodging, laboratory, and shelter
for the sampling equipment. The CODEVASF support saved us time and greatly facilitated
our work in that large reservoir.

To cover the field team a collective life and accident insurance policy was obtained,
involving labor, safety and health issues. Travel over secondary and tertiary roads and
highways in rural areas, activities in wild and inhospitable environments, and the possibility

of falls and encounters with poisonous animals and plants impose inherent hazards that
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can be minimized by using personal safety protection equipment and practices.

The group formed by the UFMG Benthic Ecology Laboratory; the UFLA Fish Ecology Lab,
and the PUC-Minas Vertebrate Zoology Post-Graduate Program selected methodologies,
produced primary lists, and organized items for each field team. The material was labeled
and separated by colors so that there would be no mixture or missing gear among teams.
Besides the complete equipment boxes the material included reserve items to replace
possible losses occurring during the fieldwork. In addition to the materials specific to each
parameter to be assessed, concern with personal safety gear was an important factor. Such
equipment included rubber waders and gloves to avoid contact with contaminated water,
life vests for reservoir work, hats, long-sleeved shirts and sunscreen to minimize exposure
to UV rays, raincoats, water jugs, and snake protection leggings.

In the office, cost estimates for the field teams’ logistics, accommodations, food and
travel were determined. Calculations were based on field crew size, periodic crew member
substitutes, the number of days needed, indispensable minimum amounts, and a 10% safety
factor to offset contingencies.

In addition to project management and logistics, the universities offered classes on the full
scope of the Cemig project. In this way, the theory involved in developing indices of biotic
integrity was presented, discussed and implemented among professionals and students from
the universities involved. In addition to the principles involved in sampling and data analyses,
classes included reading pertinent journal articles, interpreting results, presenting at technical
and scientific meetings, writing scientific manuscripts, and field projects. For field exercises,
transportation (a bus and driver) was provided by the universities, PMz, and UFMG.

The involvement of citizens living in the project areas was guaranteed by presentations
at community meetings near the reservoirs studied. These meetings were annual, after
preliminary data analyses, and included student presentations of B.Sc. monographs,
M.Sc. theses, and Ph.D. dissertations developed during the project. Local companies,
Cemig staff, members of regional basin commissions, professional fishermen, students
from universities in the areas, and other representatives from the local community were
present. Those meetings were important both for communicating the science to citizens
and for training future professionals in addressing the public.

To further reach out to the local community and a broader audience, including the
university community, medium-sized workshops were held. These workshops included

presentations by field professionals from renowned domestic and international institutions
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as well as discussions and proposals for adapting methodologies. These events enriched
the level of discussions and conceptual bases used in this universities-Cemig research
partnership. In addition to the Minas Gerais basin workshops a Workshop on Ecological
Assessment: the Foundation for Evaluating Biological Patterns was held for one week in
October 2011 at the USEPA lab in Corvallis, Oregon. This workshop introduced the
graduate students and professionals and their research to USEPA and OSU scientists and
vice versa. Following the workshop, a Ph.D. and an M.Sc. student from UFMG remained
at the lab for one year and one month, respectively, to analyze data and prepare journal
manuscripts. The latter student has initiated a one-year Ph.D. internship at OSU to begin
in 2015, and two Ph.D. students from UFLA completed one-year OSU internships in 2013.

4 — MANAGEMENT OF THE PROJECT AT FUNDEP

One of the principles of FUNDEP is to enable various projects to be conducted under
transparent, safe and innovative administrative and financial management conditions.
FUNDEP was established in 1975 as a private entity and duly recognized by the Ministries
of Education and of Science, Technology and Innovation as a support foundation, with
the goal of supporting UFMG's research, teaching, extension education, and institutional
development activities and those of other major teaching and research centers in the
country. Working within projects, FUNDEP has helped transform knowledge into fostering
education, health and culture, protecting the environment, and enriching Brazilian society.
FUNDEP was central to the Cemig project for almost five years of joint work.

Because of its considerable ecological, social and scientific importance, the Cemig
initiative was aided by the involvement of multiple universities, the electrical industry,
students, professors and researchers, which required FUNDEP’s competence in managing a
multi-institutional network project. FUNDEP was coordinated by Marcos Callisto (UFMG),
Paulo Pompeu (UFLA), and Gilmar Bastos Santos (PUC-Minas).

Working on this project provided FUNDEP the opportunity to broaden its expertise
in managing projects and taking part in mobilizing large research teams. That is why
multiple meetings were held to present services, align procedures and strengthen bonds
with the project coordinators. The network initiative required intensive negotiations with
the different partners and systematic follow-up at each phase to ensure that the research

team activities were integrated, coordinated, cost-effective, and completed on schedule.
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Among project management activities, FUNDEP developed an online interface tool with
its partners, which allowed researchers to monitor initiatives via the web from anywhere at
any time. The system enabled users to log inquiries and view and generate detailed reports
on the project’s financial