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a  b s t r  a  c t

The number of wind turbines in operation in Brazil will triple in five years, raising con-

cern  for the conservation of Brazilian bats. We analyzed the  status of bat species richness

and occurrence in areas with high wind potential in Brazil. By crossing datasets on species

records and wind potential we identified 21  hotspots and 226 data gap areas. Overall, 70%

of the areas with the highest wind potential are  data gaps, lacking elementary information

about  species presence. Current Environment Impact Assessments system for wind farms

in  Brazil has relaxed regulations and questionable effectiveness. Environmental agencies

should  require de facto Environment Impact Assessments in data gap areas, with techni-

cal rigor proportional to the investment under course. At least for bats, the Brazilian wind

power  sector must raise the bar, adopting a  more rigorous licensing. Alliances to minimize

bat mortality at wind farms are necessary and this goal  should be pursued in Brazil.

©  2014 Associação Brasileira de Ciência Ecológica e  Conservação. Published by Elsevier

Editora Ltda. All rights reserved.

Introduction

Wind power generation is a major source of renewable energy

and has gained increasing attention due to  lower greenhouse

gases emissions (Jacobson, 2009). The installation of hundreds

of wind farms in different parts of the world has  brought the

need to assess the impact of wind turbines on bats (e.g. Kunz

et al., 2007a; Rodrigues et al., 2008). Such studies indicated

the occurrence of collisions with blades and towers, causing
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the death of animals in several countries (e.g. Arnett et al.,

2008; Baerwald and Barclay, 2009; Hayes, 2013). Towers can

reach heights equivalent to 30-story buildings, blades cover

large areas when moving, and larger turbines can reach the

airspace of migratory bats (Barclay et al., 2007; Voigt et al.,

2012). Some studies have shown that while bats collide with

other man-made structures, the frequency and magnitude of

these collisions are minor when compared to collisions asso-

ciated with wind turbines (Arnett et al.,  2008).
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The current knowledge about the causes of bat collisions

with wind turbines is unsatisfactory (Kunz et al., 2007a), but

the cumulative effects of this mortality can have significant

impacts on long-term populations of species affected (Kunz

et al., 2007b; Arnett et  al.,  2008). Bats are long-living, low

reproductive rate organisms, projecting a  slow population

growth and limited ability to  recover from population declines,

increasing the risk of local extinctions (Arnett et al., 2008).

In fact, the American Society of Mammalogists points to the

imperative need of scientific studies pre- and post-installation

of wind farms (Arnett et al., 2008).

Wind  energy production is  now booming in some biodi-

versity rich tropical countries (WWEA, 2013). This is  the case

of Brazil. Although the country relies mainly on hydroelec-

tricity, the Atlas do Potencial Eólico do Brasil (Amarante et  al.,

2001)  indicates more  than 71,000 km2 with wind speeds suit-

able for power generation, with an estimated potential of

143 gigawatts (GW). Currently, wind energy accounts for only

2% of the electricity produced in  Brazil, with a vast potential

for growth in the country. The Brazilian government has been

promoting the installation of new wind farms, and the con-

struction of new parks is in full speed. Currently in Brazil there

are at least 119 wind farms in operation, producing about 2.8

GW (ABEE, 2013). The prediction of wind power installed for

the country is 8.7 GW in  2017 (ABEE, 2013), indicating that the

number of farms and turbines in  Brazil will triple in  the next

five years.

The knowledge on the impacts of wind turbines on bats

in Brazil is very scarce, usually restricted to gray literature

(Sovernigo, 2009; Rui and Barros, 2012). With a rich and diver-

sified bat fauna (nearly 180 species – Paglia et al., 2012), the

interaction with wind turbines is already considered one of the

10 most relevant issues for the  conservation of bats in Brazil

(Bernard et al.,  2012). To document the existence and patterns

of bat fatalities associated with wind farms is critical to (1)  bet-

ter understand this interaction and classify its environmental

impacts as neutral or negative, (2) quantify and qualify envi-

ronmental impacts so far little measured in the country, (3)

contribute to the local and cumulative mitigation of impacts

on the flying wildlife, and (4) generate quantitative and qual-

itative data useful for improving the environmental licensing

of future wind projects in the country.

We analyzed the status of bat species richness and occur-

rence in areas with high wind potential in Brazil. We  address
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Fig. 1 – Bat species richness in Brazil grouped in  cells with 0.5◦ of latitude × 0.5◦ of longitude.
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Fig. 2 – Estimated annual wind energy potential (in W/m2) in Brazil, based on data from Atlas do Potencial Eólico do Brasil

(Amarante et al., 2001). Data presented in cells with 0.5◦ of latitude ×  0.5◦ of longitude.

data gaps, suggest priority areas for research on the interac-

tion of bats and wind farms in the country, and discuss caveats

in the environmental licensing, contributing to the discus-

sion about the impacts of electricity generation in Brazil, a

megadiverse country.

Materials  and  methods

We  used a data bank on the occurrence of bats in  Brazil (see

Bernard et al., 2011)  and plotted coordinates on a map,  group-

ing them in 1◦ latitude ×  1◦ of longitude grid cells. Using ArcGIS

v10 (www.esri.com), we summarized data sets into the grid

cells, with the respective number of species inside. We  used

the “Spatial Join” command to overlap the maps containing

single records and grid cells, and the program RStatistical

Package (R Core Team, 2013) to  calculate the total number of

species inside each cell (Fig. 1).

We  then considered the atlas with the wind potential for

the entire country (Amarante et al.,  2001), which presents the

average wind speed for Brazil. Since the original atlas used a

finer scale, we  adopted the maximum wind speed detected in

each cell for that entire cell, producing a  map  at the same scale

of that with species richness (Fig. 2). We  then sorted the cells

with a potential ≥300 W/m2, and considered them as with the

highest wind potential in the country (hereafter, CHP).

We crossed data from both maps and evaluated the cur-

rent status of the knowledge on bat records along the CHP. We

considered as data gaps the CHP with no data for bats, and

as  hotspots the CHP with richness ≥10 spp., a  very conserva-

tive threshold considering that nearly 180 species of bats are

known in the country.

Results

We  considered 5502 records of bats in  Brazil which resulted

in data for 330 of the 804 cells covering the country. Species-

rich areas are scattered along the  country, most as single cells

(Fig. 1). South-eastern parts of Brazil had the highest density

http://www.esri.com/
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Fig. 3 – Hotspots and data gap areas for bats and wind farms in Brazil. Cells with the highest wind potential (≥300 W/m2)

but with no data for bat species richness were classified as data gaps (gray); those with richness ≥10 species were

considered hotspots (black). Data presented in cells with 0.5◦ of latitude × 0.5◦ of longitude.

of records. Considering the total number of cells within each

of the terrestrial Brazilian biomes, there were records for 80%

of the Atlantic Forest, 67% of Caatinga, 47% of Pantanal, 41%

of Cerrado, 40% of Pampa, and 24%  of Amazonia. However,

<10% of the country is minimally surveyed, and for nearly 60%

of Brazil there is not a single record of bat species (for more

details see Bernard et  al., 2011). The wind potential is  basically

concentrated along a diagonal crossing the country from its

Southern cone, through Central Brazil, up to the  Northeastern

coast (Fig. 2).

Based on the wind potential, we identified 321 CHP, mainly

located in the southern cone of Brazil, and along the  central

portion of Bahia and northern Minas Gerais, along the north-

eastern coast – especially in Rio Grande do Norte and Ceará –

and in the extreme north of Roraima (Fig. 2). Crossing species

richness data against CHP indicated 21  hotspots and 226 data

gap areas (Figs. 3 and 4). Overall, 70.4% of the CHP are data

gaps for bats in Brazil.

Discussion

Our analysis indicates that 70% of the areas with the greatest

potential for wind energy generation in  Brazil are data gaps

for bats, with a  complete lack of elementary information about

their species richness and occurrence. In those areas are being

built the largest wind farms in  the country and due to  such

striking absence of data we recommend that data gap areas

here identified should be  listed as priorities for bat inventories

in Brazil. This is  the case of parts of the states of Rio Grande

do Sul, Bahia, Rio Grande do Norte and Ceará.

Even within the data gap areas there is  a need for prioriti-

zation. The strip of coastal dunes of Rio Grande do Norte and

Ceará have a tendency of lower bat species richness. The sit-

uation in Bahia and Rio Grande do Sul raises special concern.

In Bahia, about 20 species of bats have been recorded in the

Chapada Diamantina (Oliveira and Pessôa, 2005), but the vege-

tation of the region, a  mosaic of campo rupestre,  hillside forests,
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Fig. 4 – Bat species richness in 321 areas with the highest wind potential in Brazil. Areas consisted of a  cell with 0.5◦ of

latitude × 0.5◦ of longitude.

semi-deciduous seasonal forest, cerrados, caatinga and gallery

forests points to a  higher species potential. The real local bats

richness may be underestimated, requiring more  inventories

(Bernard et al., 2011).

The chiropterofauna of Rio Grande do Sul, dominated by

insectivorous from Vespertilionidade and Molossidae families,

resembles the bat fauna affected by wind farms in other tem-

perate regions (Barclay et al., 2007; Arnett et al., 2008). Further,

the possibility of migratory species in  southern Brazil – and

the lack of data about it – need to be considered. In Germany,

bats killed in  wind farms in  the  summer and autumn were

originated from Scandinavia, the Baltic countries, Belarus or

Russia, showing that wind turbines kill bats not only of seden-

tary local populations but also of distant populations (Voigt

et al., 2012).

A  vicious  circle

Poorly conducted Environmental Impact Assessments (here-

after EIA) may underestimate the real impact of wind farms

on the flying wildlife (Kunz et  al.,  2007a). Studies on bird mor-

tality in wind farms in Spain indicated a weak relationship

between risk assessment studies and recorded mortality, with

significant differences in  birds effectively recorded flying in

the wind farms and the lists presented in their EIA (Ferrer et al.,

2012). In the U.S., an  analysis of 49 EIA for wind parks indi-

cated that 66% failed to provide high levels of preconstruction

avian and bat survey information, compared to recommended

factors from state guidelines (Chang et al., 2013). Improv-

ing the quality and technical rigor of EIA in  wind farms is

crucial, especially those oriented to evaluate the  impact on

bats.

In Brazil, the current EIA for wind farms raises concerns,

since they may underestimate the real impact affecting Brazil-

ian bats. This may  result from a  combination of factors: (1)

poor bat information in the pre-construction phase; (2) post-

construction surveys primarily designed for avian fatalities; (3)

the lack of acoustical inventories and standardized sampling

protocols; (4) poorly designed monitoring programs; (5) the dif-

ficulty of finding the carcasses of dead bats, their removal by

scavenger animals and the lack of calibration estimates; (6) the

type of vegetation surrounding the  turbines; and (7) the search

efficiency for dead animals (see Homan et  al., 2001; Camina,

2012).

For the Northeastern region of Brazil, which has the largest

potential for wind generation and also the largest wind farms

installed in the country, there are no published data on the

mortality of bats by wind turbines. The environmental agen-

cies of six  states with wind facilities (including Bahia, Ceará

and Rio Grande do Norte) require only a simplified envi-

ronmental report (Relatório Ambiental Simplificado),  frequently

ignoring bats among the potentially affected fauna (MMA,

2009). Further, in order to simplify the licensing, they allow

the fragmentation of larger farms in smaller sub-farms, ignor-

ing the cumulative effect of dozens of wind turbines in one

location. Due to such relaxed regulations, and based on our

analysis, we strongly recommend the  state environmental

agencies in Brazil to  require de facto inventories in the licensing

of wind farms in data gap areas. Agencies should not accept

EIA with species lists artificially generated based on distant

and/or questionable data obtained in the literature. In the

case of the data gap areas we detected, these documents will

clearly and unambiguously underestimate the actual local bat

species richness. Moreover, EIA based solely on mist netting
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at ground level, or those without a well-designed protocol to

evaluate carcass removal, are unacceptable considering they

could grossly underestimate the  local bat species richness

and the effective number of bats killed (Kunz et al., 2007a,b;

Rodrigues et al., 2008).

Other countries have already adopted – mandatorily or

voluntarily – more  rigorous sampling and monitoring proto-

cols when dealing with bats and wind farms (e.g. Rodrigues

et al., 2008; González et  al., 2013). The technical rigor of envi-

ronmental agencies licensing wind farms in Brazil should

be proportional to the significant expansion experienced by

the sector, as  well  as to the volume of financial resources

being invested and to the prominent position wind energy

will have in the Brazilian supply in the near future. Brazilian

environmental agencies have key-roles to improve stan-

dards, but, in order to advertise itself as a low environment

impact industry, at least for bats, the national wind power

sector must raise the bar and should voluntarily adopt a

more rigorous environmental licensing. Alliances of state

and federal agencies, private industry, academic institutions

and non-governmental organizations committed to finding

solutions to minimize bat-mortality at wind-power turbines

are necessary (e.g. Bats and Wind  Energy Cooperative –

www.batsandwind.org)  and this goal should be pursued in

Brazil. In a win–win situation, the black box of EIA for wind

farms in operation in Brazil must be opened; the data on

the current impacts, the mitigation approaches, and manage-

ment propositions must be openly accessible for a peer-review

process. Anyway, solutions to this problem will require coop-

eration and willingness of all parts involved.
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