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Abstract. Wind energy became an alternative electricity source after the oil crisis of the 1970s.
However, wind energy is not environmentally neutral, as it causes fatalities in many species of bats and
birds. Central America is home to 170 bat species and 30 wind farms are currently operating in five of
the seven countries in the region, with others under construction or planned. Our objectives are to assess
current policies and legislation related to wind energy and bat conservation; to present regional bat
fatality estimates based on current and future wind development; to analyze which species could be
affected by wind power projects in Central America and where; and to recommend actions that can
mitigate these threats. Through a bibliographic review, we compiled three classes of data: (1) laws and
regulations currently in force; (2) present and projected wind power projects; and (3) species and
landscapes potentially affected. Environmental protection laws are in force in all seven countries, and
biodiversity legislation provides protections for all native bat species, especially threatened species. The
countries with the highest wind energy installed capacity are Costa Rica (390 MW), Panama (270 MW),
and Honduras (241 MW). In the future, Panama is expected to have the highest capacity (1.24 GW),
followed by Costa Rica (400 MW), and Honduras (368 MW). Wind energy projects currently create
threats for bats in six landscapes within the region. Policy changes should be considered immediately
to develop more stringent regulations. An increase from current installed capacity to projected installed
capacity leads to an increase in projected regional bat fatality. Mitigation measures have the potential
to reduce bat fatality, but studies that demonstrate the effectiveness of these measures are needed. Data
and studies of bats in wind farms should be available, and publications in peer review should be allowed
by the companies. Wind energy is an important alternative energy source to reduce environmental
problems globally; however, it is very important to do so with the least possible impact on wildlife.
Single wind farms may not directly cause species' extinctions, but the cumulative effect of multiple
wind farms as stressors on bat populations may be too great to overcome if nothing is done.

Keywords: conservation, legislation, priority landscape, renewable energy.

Vientos en contra: posibles repercusiones de la expansion de la energia eodlica en los
murciélagos centroamericanos

Abstract. La energia eolica se convirtio en una fuente alternativa de electricidad después de la crisis
del petréleo de la década de 1970. Sin embargo, la energia edlica no es ambientalmente neutra, ya que
causa mortalidad en muchas especies de murciélagos y aves. Centroamérica alberga 170 especies de
murciélagos y actualmente hay 30 parques edlicos en funcionamiento en cinco de los siete paises de la
region, y otros estdn en construccion o en proyecto. Nuestros objetivos son evaluar las politicas y la
legislacion actual relacionadas con la energia eolica y la conservacion de los murciélagos; recopilar
informacion sobre proyectos edlicos en Centroamérica; analizar las posibles amenazas a las que se
enfrentan los murciélagos debido a los proyectos de energia edlica; y recomendar acciones que puedan
mitigar estas amenazas. A través de una revision bibliografica, recopilamos tres clases de datos: (1)
leyes y regulaciones actualmente vigentes, (2) proyectos de energia edlica presentes y proyectados, y
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(3) especies y paisajes potencialmente afectados. Existen leyes de proteccion ambiental vigentes en los
siete paises y la legislacion sobre biodiversidad brinda proteccion para todas las especies nativas de
murciélagos. Los paises con mayor capacidad instalada de energia edlica son Costa Rica (390 MW),
Panamé (270 MW) y Honduras (241 MW). En el futuro, se espera que Panama tenga la capacidad mas
alto (1,24 GW), seguido de Costa Rica (400 MW) y Honduras (368 MW). Los proyectos de energia
edlica amenazan murciélagos actualmente en seis paisajes dentro de la region. Cambios en las politicas
deben considerarse de inmediato para desarrollar regulaciones mas estrictas. Un aumento de la
capacidad de produccion de energia instalada conduce a un aumento en la mortalidad proyectada de
murciélagos regional. Las medidas de mitigacion tienen el potencial de reducir la mortalidad de los
murciélagos, pero se necesitan estudios que demuestren la eficacia de estas medidas. Los datos y
estudios de murciélagos en parques edlicos deben estar disponibles, y las empresas deben permitir
publicaciones en revision por pares. La energia eolica es una importante fuente de energia alternativa
para reducir los problemas ambientales a nivel mundial; sin embargo, es muy importante hacerlo con el
menor impacto posible en la vida silvestre. Es posible que los parques edlicos individuales no causen
directamente la extincién de especies, pero el efecto acumulativo de multiples parques edlicos como
factores de estrés en las poblaciones de murciélagos puede ser demasiado grande para superar si no se
hace nada.

Palabras clave: conservacion; legislacion; paisajes prioritarios; energias renovables.

Introduction Central American nations (CNE, 2014;

ANSPDNE, 2015; BWE, 2015; TWP, 2023). It

The first experiences using wind to is expected that by 2030, 54 projects will be

pI'OdUCG electricity date back to the end of the Operaﬁng, in all seven nations, doubling

19th century; subsequently, the oil crisis in the generation Capacity (CNE’ 2014; ANSPDNE,
1970s forced countries to implement energy 2015; BWE, 2015; TWP, 2023).

policies aimed at reducing oil consumption and
boosting other sources such as wind energy e )
(OLADE, 2012). Currently, due to rapidly neutral. Significant effects of wind farms on
increasing energy demands and the urgent need wildlife and wildlife habitats have bpen
to combat climate change by reducing documented and are a cause for concern (Saidur
greenhouse gas emissions from fossil fuels, the etal., 2011; Amett et al.,'20.1 6). Itis @own that
development of renewable energy alternatives they cause direct and indirect env1r9nmentgl
has become a priority worldwide (Sims 2004, impacts, such as decreased vegetation, soil

Wind power is not environmentally

Arnett et al. 2016, Owusu & Asumadu-Sarkodie removal, as well as mortality (fatalities) of
2016). Cost competitiveness, technological flying vertebrates (Neri et al., 2019).

advances, and fiscal incentives have helped Researchers have recorded turbine-
wind energy to become one of the world’s most associated fatalities in species of six of the nine
rapidly growing sources of renewable energy families of bats found in Central America
(IRENA Renewable Energy Statistics, 2020). (Arnett and Baerwald, 2013; Barros et al., 2015;

In Central America. Costa Rica has been Rodriguez-Duran and Feliciano-Robles, 2015;

at the forefront of wind energy development Bolivar-Cimé et al., 2016; Cabrera-(?ruz et E“l"
since 1997 (OLADE, 2012). Currently, 30 wind 2020, Agudelo et al. 2021). These six families
power projects are operating in five of seven are Emballonuridae, Noctilionidae,
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Mormoopidae, Phyllostomidae, Molossidae,
and Vespertilionidae (Arnett and Baerwald,
2013; Barros et al., 2015; Rodriguez-Duran and
Feliciano-Robles, 2015; Bolivar-Cimé et al.,
2016; Cabrera-Cruz et al., 2020). These families
are insectivorous, except for Noctilionidae and
Phyllostomidae which include ictivorous,
frugivorous, hematophagous and nectarivorous
species.

Potential population consequences from
bat fatality are especially worrisome because
long-lived bats have low reproductive rates and
their slow population growth limits capacity to
recover from population declines (Barclay and
Harder, 2003). Concerns about bat conservation
in developed nations have been well-publicized
and have led to numerous published studies of
bat fatality in wind farms. In contrast, Central
America, which hosts 170 bat species
(Rodriguez-Herrera and Sanchez, 2015), still
lacks information from most individual wind
farms to analyze their effects as stressors on bat
populations. Today mitigation measures to
reduce the impact on bats are well known;
however, the effectiveness of such measures has
only been proven in temperate zones, and their
effectiveness in Central America still needs to
be tested. For example, increasing the wind cut-
in speed to start the blades rotating and using
sound deterrents have been effective in reducing
bat mortality and should be tested in wind
projects in Central America.

Objectives

This study has four objectives: (a) to
assess current policies and legislation that
facilitate and/or regulate the generation of wind
energy in Central America and are related to bat
conservation; (b) to compile current and
projected information on the size of wind
projects in Central America; (c) to analyze
which species could be affected by wind power
projects in Central America and where; and (d)
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to recommend actions to mitigate these threats
to bats.

Materials and Methods
Study area

The study area consists of the seven
Central American nations: Guatemala, Belize,
El Salvador, Honduras, Nicaragua, Costa Rica,
and Panama (Fig. 1). Central America is
tropical, located between the Pacific Ocean and
the Caribbean Sea at latitudes 7°-21° N and
longitudes 76°-93° W, and exposed to northeast
trade winds (Bonilla, 2014).

Data compilation and analysis.

We compiled five classes of data for
Central America: (1) wildlife laws and
regulations currently in force; (2) geographical
location and installed capacity of current and
projected wind power projects; (3) published
bat fatality estimates for Neotropical wind
farms; (4) species especially vulnerable to wind
development in the region; and (5) important
bat conservation areas.

Laws and regulations. At the global
scale, we reviewed the Convention on
Biological Diversity or CBD (UN, 1992) and
the Strategic Plan for Biodiversity 2011-2020
(UN, 2010). We did not review international
legislation to protect migratory species because
there are no documented cases of true bat
migration in Central America, even though
some species which are known to be migratory
in temperate zones also are resident in Central
America. At the regional scale, we reviewed the
Regional Environmental Strategy for 2015—
2020 of the Comision Centroamericana de
Ambiente y Desarrollo (CCAD, 2014), and the
Guide to the Technical Review of
Environmental Impact Studies Particular to
Energy Generation and Transmission (CCAD,
2011). Furthermore, for each Central American
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country, we reviewed legislation on incentives
for renewable energy development, regulations
on the generation of electrical energy,
environmental protection, biodiversity
conservation, and wildlife conservation (Table

1.

Current and future wind power
projects. We compiled the number of projects
per country that are currently operating, as well
as the installed capacity of energy production,
the number of projects currently in the planning
stage, and the projected generating capacity of
each (OLADE, 2012; CNE, 2014; ANSPDNE,
2015; BWE, 2015; TWP, 2023). Additionally,
we obtained geographic coordinates of current
and future projects, when available (CNE, 2014;
ANSPDNE, 2015; TWP, 2023). Using these
coordinates, we created a regional map using
ArcGIS pro-2.5.

We evaluated potential impacts of wind
energy in Central America on regional bat
faunas from three perspectives: (a) estimates of
bat fatality; (b) bat species potentially affected;
and (c) landscapes of importance to bats.

Annual bat fatality. We derived
estimates from four published studies
conducted in the Neotropics as hypothetical
examples to illustrate scenarios: one from
Uruguay (Rodriguez et al., 2009— hereafter
referred as "A" Sierra de los Caracoles), and
three from Mexico (Cabrera-Cruz et al., 2020,
hereafter referred to as "B" Eastern Wind Farm
and "C" Northern Wind Farm; and Bolivar-
Cimé et al., 2016— hereafter referred as "D").
These rates were expressed as annual bat
fatalities per megawatt of wind power
generation (hereafter bf/MW/year), and values
were, respectively 16.32 bf/MW/year, 20.47
bf/MW/year, 43.79 bf/MW/year, and 57.41
bf/MW/year. The studies all include some
species of bats that have experienced fatalities
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in Central America (Bolivar-Cimé¢ et al., 2016;
Cabrera-Cruz et al., 2020; Agudelo et al., 2021).

These four scenarios were adjusted per
country and for the Central America region,
multiplying each estimate of annual bat fatality
estimates by current and projected generating
capacity. Using only the most conservative
fatality estimate (Uruguay), the hypothetical
total number of bat fatalities per year 1997—
2020 and for the year 2030 were also estimated.
We note, however, that wind farms throughout
Central America are in different biomes and at
different elevations, and thus will have variable
fatality rates. Thus, we do not know if an
average fatality rate of 16.32 bf/MW/year at the
regional level is commensurate for Central
America, or if actual fatality rates in Central
America are on average higher or lower.

Bat species potentially affected. Lists of
bat species recorded from the landscapes with
current or future wind power projects were
compiled, as well as those species whose
geographic range includes such projects (Timm,
etal., 1999; Reid, 2009; Owen and Giron, 2012;
Medina-Fitoria, 2014). Species for which
turbine-related fatalities have been reported
from wind farms in Mexico, Honduras, Puerto
Rico, Brazil, Chile, and Uruguay were
identified and considered as vulnerable (Mora
and Lopez 2010; Arnett and Baerwald, 2013;
Barros et al, 2015; Rodriguez-Duran and
Feliciano-Robles, 2015; Bolivar-Cimé et al.,
2016; Espinal et al. 2016, Mora et al. 2016;
Cabrera-Cruz et al., 2020; Agudelo et al. 2021);
as well as species with migratory behavior
outside Central America (Fleming and Eby,
2003) and species considered threatened or at
risk of extinction at regional or global levels
(Rodriguez-Herrera and Sanchez, 2015; IUCN,
2021).

Potential priority landscapes. Using
ArcGIS pro-2.5, we plotted 30 km radius circles



Girén-Galvan et al.

centered on the coordinates of present and
future wind farms (OLADE, 2012; CNE, 2014;
ANSPDNE, 2015; BWE, 2015; TWP, 2023).
The 30 km radius was adopted based on a
hypothetical minimum home range size for non-
migratory bats (Fleming and Eby, 2003), but
some large frugivorous bats in tropical Africa
tracked with satellite transmitters forage up to
59 km from day roosts (Fleming 2019). We
consider any area within 30 km of a wind
turbine, to be areas generating potentially
important threats to bat populations.

Results
Laws and regulations in force

All seven Central American countries
have ratified the Convention on Biological
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Diversity (CBD) and participate in the
Comision Centroamericana de Ambiente y
Desarrollo (CCAD). Both actions obligate the
signatory countries to take measures to prevent
biodiversity loss. At least one environmental
law is in force at the national level in all seven
countries. All countries except Guatemala and
Nicaragua have wildlife conservation laws.
Costa Rica, Nicaragua, and Panama also have
biodiversity legislation in force. The
environmental protection legislation requires
environmental impact evaluation of all
development projects; wildlife conservation
laws require that development projects develop
strategies to protect wildlife, and biodiversity
legislation is aimed to conserve all native
species. Information on regulatory status is
summarized in Table 1.
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Table 1
Regulations and laws currently in force that facilitate and/or regulate wind power generation projects in Central America.
Scale Title Comments Applicable in:
GT BZ SV _HN NI CR PA
Global Convention on Biological Diversity (CDB) The first global agreement to recognize biodiversity conservation as  x X X X X X X
a concern common to all humanity, and an integral adjunct to
development
Regional  Regional environmental strategy for 2015- Among the strategic actions are a) recovery of vulnerable species X X X X X X X
2020 of the Comision Centroamericana de and ecosystems, b) development of clean energy sources
Ambiente y Desarrollo (CCAD). (hydroelectric, geothermic, wind, solar, and biomass), and c)
promote environmental responsibility among social and business
circles
Guide to the Technical Review of An environmental impact study’s description of the biological X X X X X X X
Environmental Impact Studies Particular to context of a power project must list all species affected negatively
Energy Generation and Transmission, by the project and all critical habitats potentially within range of the
CCAD. project. The study must include plans for broad-scope monitoring in
the short and long term
National ~ Legislation on incentives for the Defines the fiscal benefits, such as tax reductions, that national X X X X X
development of projects in renewable government’s offer to enterprises dedicated to developing renewable
energy. (Ley N° 6 1997; Ley N° 52 2003; energy sources
Ley N° 70 2007; Ley N° 462 2007; Ley
N°682 2009).
Legislation regarding the generation of Regulates activities associated with the generation, transmission, X X X X X X X
electric energy. (Ley N° 7200 1990; Ley N° distribution, and commercialization of electricity. Requires
158 1994; Ley N° 843 1994; Ley N° 6 1995; environmental impact studies for projects proposed for any of these
Ley N° 93 1996; Ley N° 221 2000; Ley N° activities.
682 2009).
Environmental protection legislation. (Ley Requires environmental impact studies in all development projects X X X X X X X
N° 68 1986; Ley N° 104 1993; Ley N° 7554
1995; Ley N°© 217 1996; Ley N° 41 1998;
Ley N° 79 1998; Ley N° 328 2000).
Biodiversity legislation. (Ley N° 2 1995; Promotes the conservation and sustainable use of biological X X X
Ley N° 7788 1998; Ley N° 807 2012). diversity.
Legislation on wildlife conservation. (Ley Stipulates that development projects must provide strategies for X X X X X
N° 7317 1992; Ley N° 844 1994; Ley N° 24 protecting wildlife

1995; Ley N° 220 2000).

Note. GT = Guatemala, BZ = Belize, SV = El Salvador, HN = Honduras, NI =Nicaragua, CR = Costa Rica y PA = Panama
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Present and future wind power projects

At present, 30 wind power projects are
operational in five of the seven Central
American countries while 25 more, across all
seven countries, are projected to be operational
within five years (Fig. 1 and Table 2). Countries
with the highest number of operational wind
farms are Costa Rica (17), Nicaragua (4), and
Honduras (4) (Fig. 1 and Table 2). In a decade,
Costa Rica is expected to be the country with

Figure. 1
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the highest number (18), followed by Panama
(14) and Honduras (10) (Fig. 1 and Table 2).
The estimated annual power generation
capacity for all 31 current projects is 1.25 GW,
led by Costa Rica and Panama (Table 2). The
estimated capacity for 2030, however, is 2.6
GW (Table 2), of which Panama is expected to
contribute almost half (Table 2).

Current and future wind power projects in Central America and their potential impact areas with respect
to bats, estimated as circles 30 km in radius to consider home ranges of non-migratory species (Fleming
and Eby, 2003). Important Bat Conservation Areas are also indicated (Rodriguez-Herrera and Sanchez,
2015). Letters represent landscapes currently with overlap among the impact areas of different projects
(CNE, 2014; ANSPDNE, 2015; BWE, 2015; TWP, 2023). A= Guatemala and El Salvador, B=
Honduras, C= Nicaragua, D and E= Costa Rica, F= Panama.

Pacific Ocean

LEGEND

Current possible critical
landscape

Future possible critical o
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Table 2

Summary of operational and planned wind power projects in Central America and their energy
production capacities (Data sources: OLADE, 2012; CNE, 2014; ANSPDNE, 2015; BWE, 2015;
TWP, 2023). MW= Megawatts.

Wind power projects Energy production capacity (MW)

Country

Current Projected Total Current Projected Total
Guatemala 3 0 3 107 0 107
Belize 0 1 1 0 75 75
El Salvador 1 1 2 54 36 90
Honduras 4 6 10 241 127 368
Nicaragua 4 3 7 186 142 328
Costa Rica 17 1 18 390 10 400
Panama 2 12 14 270 971 1,241
Total 31 23 55 1,248 1,361 2,609

Potential threats to bats

Fatality estimates. Extrapolating from
the most conservative published bat fatality
estimates of the four we considered for this
study (source “A”), at present, around 20,000
bats may die annually in Central American wind
farms. Extrapolating from source “B”, the

Table 3

estimate rises to 25,000 fatalities annually,
while extrapolating from sources “C” and “D”,
the number of possible fatalities in the region
increases to 55,000 and 72,000 bats/year
respectively. In eight years, fatalities could
reach from 42,000 to 149,000 bats/year (Table
3).

Estimated annual bat fatality associated with wind farms in Central America, using the four published

rates (A, B, C and D) described in the methodology.

Country Annual bat fatality (current) faélrlljrtl;lezlzl())gto)
A B C D A B C D

Guatemala 1,746 2,190 4,686 6,143 1,746 2,190 4,686 6,143
Belize 0 0 0 0 1,224 1,535 3,284 4,306
El Salvador 881 1,105 2,365 3,100 1,469 1,842 3,941 5,167
Honduras 3,933 4,933 10,553 13,836 6,006 7,533 16,115 21,127
Nicaragua 3,036 3,807 8,145 10,678 5,353 6,714 14,363 18,830
Costa Rica 6,365 7,983 17,078 22,390 6,528 8,188 17,516 22,964
Panama 4,406 5,527 11,823 15,501 20,253 25,403 54,343 71,246
Total 20,367 25,547 54,650 71,648 42,579 53,406 114,248 149,783

Note. A =16.32 fatalities per Megawatt (MW), B = 20.47 fatalities per MW, C = 43.79 fatalities per MW, and D = 57.41
fatalities per MW (Agudelo et al. 2021). In the 2030 estimate it is assumed that the planned projects are operating for that

year.

Using the value from conservative
estimate “A”, we estimate bat fatalities in
Central American wind farms to have risen from
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375 in 1997 to a two-decades total of some
190,000 (Fig. 2). The projection of country-by-
country trends into the future (Fig. 2) suggests
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that in six years the highest number of fatalities
will occur in Panama, followed by Costa Rica,
Honduras, and Nicaragua (Table 3, Fig. 2).

Figure. 2

Ceiba. Vol. 58, No. 1, 2025 (Enero — Junio)

Annual hypothetical fatality of bats in wind farms in Central America from 1997 through 2030, using
an estimate of 16.32 fatalities per MW of power generated, (Rodriguez et al., 2009) and based on known
and projected power generation capacities (CNE, 2014; ANSPDNE, 2015; BWE, 2015; TWP, 2023).
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Bat species possibly affected. We
compiled a list of 35 species, of which 28 have
been reported in wind power-related fatalities
from the United States to Brazil; five are
documented to present some type of migratory
behavior outside Central America, including
four long-distance migrants, nine species are
considered locally threatened or endangered,
and three are considered globally near-
threatened (Table 4 and Fig. 1). The species
included in the list are considered potentially
vulnerable in wind projects in the Neotropics.
For nine species (Artibeus lituratus, Molossus
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laticaudatus, Tadarida brasiliensis, Lasiurus
cinereus, L. ega, L. frantzii., and L.
intermedius), fatalities associated with wind
power projects have been documented in at least
two countries (Table 4). Three species with
documented fatalities have some migratory
populations and are of regional or global
conservation concern: Leptonycteris
verbabuenae, T. brasiliensis and L. cinereus
(Table 4). There is no evidence that any of these
species are migratory within Central America.
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Table 4

Species of bats present in and around Central American wind farms, with documented fatalities in
wind farms from the United States to Brazil (Mora and Lopez 2010; Arnett and Baerwald, 2013;
Espinal et al., 2016; Mora et al., 2016; Agudelo et al., 2021), migratory status (if known; Fleming
and Eby, 2003) and conservation status (if listed).

Family Species Fatalities =~ Migratory Regional Global
status conservation  conservation
status™® status®*
Emballonuridae  Balantiopteryx M
plicata
Noctilionidae Noctilio leporinus PR T
Mormoopidae ~ Mormoops M E
megalophylla
Pteronotus fulvus M
P. mesoamericanus M
P. psilotis M
Phyllostomidae  Phyllostomus M
discolor
Vampyrum spectrum T NT
Choeronycteris LD T NT
mexicana
Glossophaga M
commissarisi
G. soricina M
Leptonycteris M LD T NT
yverbabuenae
Carollia SD
perspicillata
Artibeus inopinatus T DD
A. jamaicensis M, P
A. lituratus B,M
A. toltecus M
Enchisthenes hartii E
Centurio senex M
Molossidae Eumops M
auripendulus
E. underwoodi M
Molossus molossus B, M, P
M. nigricans M
M. (sinaloae) M
alvarezi
Promops centralis M
Nyctinomops B,H
laticaudatus
N. macrotis H M
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Table 4 continues

Family Species Fatalities =~ Migratory Regional Global
status conservation  conservation
status* status**
Tadarida B,C, M, LD T
brasiliensis P,U,U
Vespertilionida  Eptesicus fuscus US, P
e
Bauerus NT
dubiaquercus
Lasiurus cinereus B,C,H, LD T
M, US
L. ega US,M, B
L. frantzii US,M
L. intermedius US, M
Total 35 28 5 9 5

Note. B = Brazil, C = Chile, H = Honduras, M = Mexico, P = Puerto Rico, U = Uruguay, US= United States, SD = short
distance migrant, LD = long distance migrant, NM = non-migratory, T = threatened, E = endangered, NT = near
threatened, and DD = data deficient. *= Rodriguez-Herrera and Sanchez (2015). **=TUCN (2023)

Potential priority landscapes. We
identified six potential priority landscapes for
bats in the region based on the overlap of several
projects in operation (Fig. 1): one in Guatemala
(A), one in Honduras (B), one in Nicaragua (C),
two in Costa Rica (D and E), and one in Panama
(F). The six areas cover the known geographical
ranges of a total of 113 bat species. Areas C, D,
and F alone cover the ranges of more than 70
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bat species (Table 5). Twenty-seven of the 113
species are considered regionally threatened or
endangered, and area C alone covers the ranges
of 17 of these (Table 5). Our analysis suggests
that in five years the number of priority
landscapes will increase, with C and D forming
a corridor from southern Nicaragua to northern
Costa Rica (Fig. 1). Additionally, there could be
new priority landscapes in Panama (Fig. 1).
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Table 5
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Summary of number of bat species (Timm et al., 1999; Reid, 2009; Owen and Gir6n, 2012;
Medina-Fitoria, 2014), long distance migratory species (Fleming and Eby, 2003) regionally and
globally threatened species (Rodriguez-Herrera and Sanchez 2015; IUCN 2021), species with
fatalities in wind farms (Mora and Lopez 2010; Arnett and Baerwald, 2013; Espinal et al. 2016,
Mora et al. 2016; Agudelo et al. 2021), and power generation capacity of wind projects (CNE,
2014; ANSPDNE, 2015; BWE 2015; TWP, 2023) for each landscape designated in Figure 1.

Description Potential priority landscapes (see Figure. 1)

A B C D E F Total
Total species recorded for 65 62 75 72 48 72 113
landscape
Long distance migratory 4 5 2 2 2 1 5
species™
Regionally threatened species 11 10 17 8 5 12 27
Globally threatened species 3 3 1 2 2 0 5
Species with fatalities in wind 27 22 22 20 18 16 30
farms **
Current power generating 107 242 186 377 28 270 1,210
capacity (MW)
Future power generating 191 364 288 386 28 745 2,532
capacity (MW)

Note. * Species with migratory behavior outside Central America. **Species with fatalities recorded on any wind farm
from the United States to Uruguay, not necess3arily on the wind farms of the highlighted Central American landscapes.

Current wind power projects with the
greatest generating capacity are in areas D (377
MW), F (270 MW) and C (186 MW). By the
end of the decade, the situation will change in
this order (Table 5): F (745 MW), D (386 MW),
and B (364 MW), although areas C and D may
form a single “corridor” with a total of 674 MW

(Fig. 1).

Mitigation measures. Studies in North
America have shown that mitigation measures
such as raising cut-in speeds, curtailing
operations during weather conditions associated
with high fatality, and employing deterrence
methods such as ultrasound, are effective in
reducing bat fatalities at minimal production
loss (Martin et al., 2017; Weaver et al., 2020).
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Discussion

In Central America as a whole and in
each of its seven nations, the regulations and
laws that already exist are expected to protect
bats to prevent fatalities in wind projects, since
the intention is to protect all wildlife, although
nothing specific to bats was established for this
type of project. (UN, 1992; UN, 2010; CCAD,
2011; CCAD, 2014). These regulations and
laws oblige wind power projects to undertake
environmental impact studies that must include
possible impacts on fauna (CCAD, 2011). Prior
to 2010, the faunal component tended to focus
on the threats that wind turbines posed to birds,
not bats (CCAD, 2011). It may be necessary to
develop more stringent regulations that demand
more  complete  environmental  impact
assessments and continuous monitoring of bat
fatalities in wind farms at least for the medium
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term. Such policy changes should be considered
immediately. For example, it may be necessary
to develop threshold values for incidental take
that trigger mitigation, such as has been
developed in  Ontario, Canada, and
Pennsylvania, United States, although some
workers caution that such thresholds may be
arbitrary and ineffective (Arnett et al, 2013). In
South Africa, the South African Bat Assessment
Association have developed species-specific
bat fatality thresholds from calculations that
consider acoustically measured bat densities
(bats/ha) for wvarious landscapes, for wind
energy installations operational in these
landscapes, on the assumption that >2%
population declines are irreversible and not
sustainable (MacEwan et al., 2017).

The lack of baseline information on
population sizes of Central American bat
species should not be considered an excuse for
avoiding mitigation, and powerful stakeholders
such as financers and governments should work
together to develop a framework for enforcing
effective mitigation strategies, rather than leave
it up to the industry to voluntarily adopt such
strategies.

By 2030, wind power generation
capacity in Central America will have at least
doubled compared to 2022 power generation
(CNE, 2014; ANSPDNE, 2015; BWE, 2015;
TWP, 2023). If immediate action is not taken,
many wind farms will be under construction or
operational before adequate bat monitoring
studies can be implemented, especially in
Panama (ANSPDNE, 2015; TWP, 2023)—and
thus baseline or “pre-impact” data will be
missing. Furthermore, rapid growth of wind
power projects implies that bat fatality will
grow rapidly also, potentially growing from an
estimated 190,000 fatalities over the last 25
years to 42,000 in a single year, assuming
fatality rates remain constant.
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Unfortunately, bats are being killed by
wind power turbines worldwide. These fatalities
are not limited to migratory species at higher
latitudes, as was once thought (Kunz et al.,
2007; Arnett et al.,, 2008). Fatalities are
increasingly reported among other species, such
as non-migratory insectivores and frugivores
(Arnett and Baerwald, 2013; Barros et al., 2015;
Rodriguez-Duran and Feliciano-Robles, 2015).
In fact, all Central American bat fatality is
currently presumed to pertain to non-migratory
populations. The vulnerability of tropical bats to
wind turbines is a potentially serious problem
that should be immediately addressed,
preferably before increasing numbers of large
wind power projects are planned and
constructed (Arnett and Baerwald, 2013;
Agudelo et al. 2021).

It is important to emphasize that the
population dynamics of most affected bats is
poorly known in the neotropics, especially in
the Molossidae family. There are two aspects
that are particularly important to learn to better
understand the impact: local population sizes
and movements. Local abundance per species,
especially for high-flying insectivorous species,
has not been evaluated. Mobile acoustic
monitoring, which allows the collection of
quantitative bat data, has the potential to fill this
knowledge gap (Britze and Herzog, 2009;
Roche et al.,, 2011). In North America, the
nascent North American Bat Monitoring
Program (NABat) aims to collect abundance
data on bats in a standardized manner; we
recommend that similar programs using the
same data collection protocols are developed in
Central America to measure populations trends
(Loeb et al., 2015). Several technologies, such
as radio tracking, data loggers, and satellite
tracking, are available to evaluate local bat
movements (Fleming, 2019).

Reducing bat fatalities under projected
increase of wind energy installation in Central
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America over the next decade may also be
beneficial from an ecosystem services point of
view. For example, studies in North America
demonstrated that a population of Tadarida
brasiliensis was able to provide pest control
services worth more than $740,000 annually to
the cotton industry in south-central Texas
(Cleveland et al., 2006). Another example, in
corn plantations bat consumption of crop pests
initiates a trophic cascade, suppressing damage
to economically valuable row crops during both
reproductive and vegetative stages (Maine and
Boyles, 2015). Since most bat fatalities in
Central America are likely to concern
insectivorous species, taking out tens of
thousands of pest-controlling bats may have
negative impacts on the region's already fragile
agriculture.

Other ecosystem services provided by
some species affected in wind farms are the
dispersal of seeds and the pollination of plants,
some of which are economically important such
as the Agave tequilana from which the drink
Tequila is extracted and whose pollination is
carried out by the species Leptonycteris
yverbabuenae know as tequila bat (Menchaca et
al., 2020).

Mitigation measures such as raising the
cut-in speed, which have been demonstrated to
reduce bat fatalities by more than 50% at
minimal production loss (up to 5%) in
temperate zones (Baerwald et al., 2009; Arnett
etal., 2011; Rodrigues et al., 2015; Martin et al.,
2017; Richardson et al., 2021), have the
potential to reduce bat fatality estimates that we
present here. For example, by 2030, based on
projections we present here, a 50% reduction in
bat fatalities could mean 15,000 bat lives spared
in a single year.

Ultrasonic  deterrents have shown
moderate success in reducing bat fatalities at
wind farms, with reported reductions ranging
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from 30% to 60% (Arnett et al., 2013; Weaver
et al., 2020). Installation and equipment costs
are relatively low, typically under USD 10,000
per turbine—and they have negligible effects on
energy production (Hayes et al., 2019). In
contrast, curtailment strategies that raise the
cut-in speed of turbines are highly effective—
often reducing bat mortality by over 50%—but
can result in annual energy losses of 1% to 3%,
depending on site conditions and wind regimes
(Baerwald et al., 2009; Martin et al., 2017).
Despite the effectiveness of both approaches,
widespread adoption remains limited due to
variability in outcomes, lack of regulatory
mandates, and uncertainties about long-term
cost-benefit balance (Frick et al., 2017; Allison
etal., 2019).

We are aware that increases in installed
capacity may not generate a proportional
increase in bat fatalities. Bats are long-lived,
slow-reproducing organisms whose populations
may not be able to sustain high levels of fatality.
Thus, our projection of future bat fatalities may
be too high, as there may be fewer bats left in
the affected “landscapes" we identify here. In
fact, these landscapes, here defined as 30 km
areas of influence around wind farms or wind
farm aggregations, may extend much further
than 30 km in areas with high installed capacity,
as such areas have the potential to become
sinks, where the number of bats killed annually
is too high for local populations to sustain and
are replaced by individuals from surrounding
source populations. This is a scenario that has
thus far not been considered in temperate zones,
where most bat fatalities concern migratory
species, but may be realistic in the Neotropics,
where most species are sedentary.

Studies that  demonstrate  the
effectiveness of these mitigation measures in
Central America are in urgent need of
development. Wind energy generators are likely
to continue to use large moving blades, and thus
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cause bat fatality, for two decades or more. Next
generation generators with no exposed moving
parts (e.g., Epstein 2019) are not yet
commercially available, at least not for large-
scale operations. While we hope that energy
companies will be proactive in seeking new,
wildlife-safe technologies at the earliest
possible opportunity, we also encourage
companies to consider their cumulative impacts
now on bat populations and begin as soon as
possible to test options for mitigation.

We recommend that governments
require data sharing from environmental impact
studies and fatality monitoring projects, even
when privately funded. Such data should be
available through web-based clearinghouses, or
databases. We also recommend wind energy
companies to allow publication of their
proprietary fatality estimates in peer-reviewed
literature.  This will greatly facilitate
information access and decrease reaction times
to emerging crises in bat populations affected by
the region’s wind farms. Requiring data
reporting will also solve another problem, at
least in some countries; lack of access to data
often means that governments are not equipped
to enforce their wildlife laws. Having access to
data permits governments to get involved in
requiring mitigation solutions, when such are in
fact required by existing laws. Achieving a goal
of public data sharing of wildlife data generated
from wind farms will require coordination with
national environmental and wildlife policy
agencies, at a regional (Central American) level.

In conclusion, policy changes should be
considered immediately to mandate more
impact assessments and continuous monitoring
of bat fatalities in wind farms by independent
parties. An increase from current installed
capacity to projected installed capacity leads to
a projected regional bat fatality estimate could
reach from 41,000 to 145,000 bats/year.
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The species  Artibeus  lituratus,
Leptonycteris verbabuenae, Molossus
molossus, M.  nigricans,  Nyctinomops

laticaudatus, Tadarida brasiliensis, Lasiurus
cinereus, L. ega, L. frantzii., and L. intermedius,
have fatalities associated with wind farms in at
least two countries. If nothing is done, some of
these species are likely to have a regional
population decline.

Mitigation measures such as raising the
cut-in speed, have the potential to reduce bat
fatality, and must be implemented, but given
projections of increasing bat fatality from wind
energy in Central America, greater efforts are
needed to implement and evaluate potential
mitigation strategies. Furthermore, data and
studies of bats in wind farms should be
available, and publications in peer review
should be allowed for the companies.

We believe the generation of wind
energy as an alternative energy source is
important to reduce environmental problems
globally; however, it is very important to do so
with the least possible impact on wildlife. The
potential threats of wind farms to bat
populations should not merely be addressed
project by project but also at the regional scale.
Single wind farms may not directly cause
species' extinctions, but the cumulative effect of
multiple wind farms as stressors on bat
populations may be too great to overcome.

A great deal of research is needed to
develop innovative strategies that will sustain
one of the world’s most diverse bat faunas. This
could be achieved through the coordinated work

of bat conservation programs already
established in the region.
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