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Abstract

Global light pollution threatens to disturb numerous wildlife species, but impacts of artificial light will likely vary among
species within a community. Thus, artificial lights may change the environment in such a way as to create winners and losers
as some species benefit while others do not. Insectivorous bats are nocturnal and a good model to test for differential effects
of light pollution on a single community. We used a physiological technique to address this community-level question by
measuring plasma B-hydroxybutyrate (a blood metabolite) concentrations from six species of insectivorous bats in lit and
unlit conditions. We also recorded bat calls acoustically to measure activity levels between experimental conditions. Blood
metabolite level and acoustic activity data suggest species-specific changes in foraging around lights. In red bats (Lasiurus
borealis), 3-hydroxybutyrate levels at lit sites were highest early in the night before decreasing. Acoustic data indicate pro-
nounced peaks in activity at lit sites early in the night. In red bats on dark nights and in the other species in this community,
which seem to avoid lights, B-hydroxybutyrate remained relatively constant. Our results suggest red bats are more willing to
expend energy to actively forage around lights despite potential negative impacts, while other, generally rarer species avoid
lit areas. Artificial light appears to have a bifurcating effect on bat communities, whereby some species take advantage of
concentrated prey resources, yet most do not. Further, this may concentrate light-intolerant species into limited dark refugia,
thereby increasing competition for depauperate, phototactic insect communities.
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Introduction

Global light pollution has increased dramatically during the
twentieth and twentyfirst centuries as a result of rapid urban
development (Holker et al. 2010a). Currently, nearly 90%
of Europe and over half of North America are estimated
to experience light-polluted skies (Falchi et al. 2016). Yet,
these light intensity levels have remained relatively con-
stant over the last several decades, while increases in light
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pollution extent have occurred recently in developing areas
with higher than average species richness (Koen et al. 2018).
The use of artificial light at night (ALAN) is widespread and
a major threat to biodiversity (Holker et al. 2010b), espe-
cially for nocturnal animals such as bats that are adapted to
life in dark environments (Voigt and Lewanzik 2011).
Many species are affected by ALAN as 30% of vertebrates
and > 60% of invertebrates are considered nocturnal (Holker
et al. 2010b). The impacts of light pollution on species are
wide ranging, and include effects on physiology, behavior,
reproduction, and predator—prey interactions (Bradshaw
and Holzapfel 2010; Longcore and Rich 2004). Importantly
though, artificial light may not affect all species in the same
way. For example, the behavior of moth prey around artificial
light has variable effects on their predators, as Cape serotine
bats in lit areas were found to consume six times more moths
than in unlit areas (Minnaar et al. 2015), while orb-weaver
spiders had significantly fewer moths fly into their webs in the
presence of artificial light (Yuen and Bonebrake 2017). Such
variation suggests artificial light may have community-level
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effects and recent work has demonstrated artificial light can
alter community structure and composition in invertebrate
communities (Davies et al. 2012) and fish communities (Bol-
ton et al. 2017). Importantly, even closely related and morpho-
logically similar species might respond differently to artificial
light (Cravens et al. 2018), thereby potentially tipping the com-
petitive balance in some communities.

Insectivorous bats are a good model to test community-level
effects of artificial light. The impact of artificial lighting on bat
behaviors is wide ranging and includes effects on foraging and
commuting, emergence, roosting, breeding, and hibernation
(as reviewed in Stone et al. 2015). Negative impacts on these
behaviors could have reduced fitness costs. For instance, arti-
ficial lighting around bat roosts can lead to a delayed nightly
emergence (Downs et al. 2003). By delaying emergence, bats
can miss the peak in insect abundance around dusk (Jones
and Rydell 1994), which could be particularly detrimental to
pregnant or lactating females who have increased energetic
demands (Kurta et al. 1989).

While bats, in general, appear to prefer dark environments
(Lima and O’Keefe 2013), there are numerous observations of
bats foraging around artificial light (Acharya and Fenton 1999;
Hickey et al. 1996; Polak et al. 2011; Schoeman 2016). Con-
currently, artificial light induces phototaxis in aerial insects,
leading to unusually high densities around lights (van Lan-
gevelde et al. 2011). It has been proposed that light-tolerant
bats take advantage of larger and higher densities of prey
around artificial light, which could offset predation risks from
flight in a lit environment (Tomassini et al. 2014). If this is the
case, widespread ALAN in the nocturnal environment could
significantly alter bat—insect interactions and foraging behav-
iors with cascading effects on the food web and ecosystem
functioning (Cravens et al. 2018; Minnaar et al. 2015).

If ALAN alters foraging behaviors, we should also expect
to see energetic effects on these bats. Thus, we evaluated the
effect of artificial light on energy metabolism in an insec-
tivorous bat community through plasma metabolite analysis
(Boyles et al. 2016; McGuire et al. 2009). We experimentally
manipulated naturally dark areas with an artificial light treat-
ment known to cause shifts in prey selection (Cravens et al.
2018; Minnaar et al. 2015), and measured B-hydroxybutyrate
levels from bats captured in both lit and unlit environments.
We also measured bat activity from acoustic recordings in
lit and unlit conditions. We predicted an increase in foraging
success and activity in artificial light treatments relative to
naturally dark areas.
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Materials and methods
Study site

Our study was conducted in a nine-county region of west-
ern Missouri, USA, during summer (May—August) 2017.
The study area lies primarily within the Ozark Highlands
physiographic region, a heavily forested landscape domi-
nated by oak—hickory forests. Along the western edge
of our study area, the land begins to transition to Osage
Plains, a region historically dominated by prairie but now
heavily converted to agriculture with limited forest and
woodlands (Raeker et al. 2010). In general, there is low to
moderate light pollution across the study area, interspersed
with small urban areas of higher concentrations of light
pollution. No major cities are located in the study area.

Experimental design

We erected temporary lights along naturally dark forest
roads or streams on public lands and had two experimental
conditions: unlit (control) and lit (light pollution treat-
ment). Distance between lit and unlit sites was at least
2 km to minimize overlap in foraging ranges by individual
bats, but sites were chosen with similar habitat and land-
scape features. At lit sites, we used 50 W LED (Shenzhen
Lepower Opto Electronics Co., China) producing 5600
lumens at 4000 K. We used LED lighting as it is replac-
ing older outdoor lighting styles, such as mercury vapor.
Lights were elevated 3 m from the ground on a metal pole
and powered by a 12 V lead acid battery. We used mist
nets to capture bats along forested roads or streams at 17
paired lit and unlit sites, for a total of 34 netting locations,
throughout the summer. We netted at each survey site for
three nights, and ran lights for all three nights from 21:00
to 05:00. On the first two nights, we captured bats at an
unlit control site and on the third night, we captured bats at
lit sites (Cravens et al. 2018; Minnaar et al. 2015). Delay-
ing capture at lit sites until the third night allowed bats to
become accustomed to the lit condition, as well as provide
time for them to choose to forage in the newly lit environ-
ment. We make no assumption that all bats captured at lit
sites were necessarily foraging around the lights; moreo-
ver, we expect some species may be less prone to foraging
at lights than others and, therefore, show less-pronounced
shifts in feeding rates and activity levels. We do assume
that all captured bats, at either lit or unlit sites, would have
encountered artificial lights, at least once, within their
home range prior to capture. Nets were placed in flyways
within 25 m of the light in an appropriate netting location.
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We recorded bats acoustically (SM2Bat + and SM4ZC;
Wildlife Acoustics, Maynard, Massachusetts, USA) from
20:00 to 06:00 on each of three sampling nights at all
lit and unlit sites, and added additional sampling nights
if there was a period of rain or high winds longer than
30 min. We elevated detectors two meters on a metal pole
away from clutter that could affect echolocation calls.
At lit sites, we placed detectors within 0.5 m of the light
source. We identified bat species from our acoustic detec-
tor recordings using Kaleidoscope Pro v3.1 automated
identification software (Wildlife Acoustics, Maynard,
Massachusetts, USA). Little brown bats (Myotis lucifugus)
and Indiana bats (M. sodalis) are difficult to differentiate
acoustically, so we combined calls identified as either of
those species. We pooled calls, identified to each species,
into 15-min intervals, and report data from the second
night of recording.

We measured plasma B-hydroxybutyrate concentrations
from six species of insectivorous bats in naturally dark and
artificially lit conditions. B-hydroxybutyrate is generally
considered a fasting metabolite and increases during fast-
ing to power metabolic processes when dietary triglycerides
are low (Balasse and Féry 1989; Jenni-Eiermann and Jenni
1991; Laffel 1999; Robinson and Williamson 1980). While
the mechanism is not understood, available data indicate
B-hydroxybutyrate paradoxically increases in both captive
and free-living bats after feeding (McGuire et al. 2009) and
has thus been used as a proxy for foraging success (Boyles
et al. 2016; McGuire et al. 2009; Sommers et al. 2017; we
discuss the implications of these competing interpretations
in the discussion). We removed bats from the net and col-
lected a small (<75 pl) blood sample from the interfem-
oral vein by puncturing the vein with a 26-gauge needle
and collecting blood with a 75-ul heparinized hematocrit
tube (Fisher Scientific, Waltham, MA; Hooper and Amelon
2014). All blood samples were collected within 10 min after
removing the bat from the net. After blood collection, we
centrifuged blood samples (10 min at 2000g; Fisher Sci-
entific Mini Centrifuge) to obtain 10 pl of plasma which
was used to quantify B-hydroxybutyrate concentration with
a handheld meter (STAT-Site M 3-HB; Stanbio Laboratory,
Boerne, Texas USA; Sommers et al. 2017).

We expect foraging success to be highly temperature
dependent because both bats and their insect prey are more
active on warmer nights; thus, B-hydroxybutyrate levels are
also likely temperature dependent. However, we designed
our experiment specifically to determine the effect of light
pollution on B-hydroxybutyrate levels. Thus, to account for
temperature, we used residuals from a regression of mean
nightly ambient temperature against B-hydroxybutyrate
in all further analyses. We then used general linear mod-
els in program R to test the effects of treatment (lit, unlit),
minutes after sunset (because the effect of the lights may

change as ambient light changes), and treatment*minutes
after sunset interaction for each bat species. We used this
approach because we were interested in the effect from the
light treatment and not concerned with the effect of environ-
mental variables, as these have been well established in the
literature (Erickson and West 2002; Erkert 1982). We used
a generalized linear model (function glm) in program R to
test the effects of treatment (lit, unlit), site (lit and unlit com-
bined), and minutes after sunset in 15-min intervals to com-
pare acoustic activity across the night for each bat species.
Because our response variable (total bat calls) is count data,
we used a Poisson model with a log link. We qualitatively
compared temporal patterns in 3-hydroxybutyrate to activity
estimated with acoustic detectors for each species of bat.

Results

We collected blood samples from 169 bats (n= 66 lit and
n=103 unlit) over 36 nights (n=11 lit and n=25 unlit)
during summer 2017 (10 June—14 August). We included
samples in our statistical analysis from five species (big
brown bats (Eptesicus fuscus); red bats (Lasiurus borea-
lis); gray bats (Myotis grisescens); evening bats (Nycticeius
humeralis); and tri-colored bats (Perimyotis subflavus)) and
excluded little brown bats because of small sample size
(n=1). We excluded two outliers, one from a big brown bat
and one from a red bat, and as their removal did not change
the results qualitatively we are reporting results with these
samples excluded (Online Resource 1). We measured acous-
tic activity across 16 paired lit and unlit locations from 10
June-8 August 2017. The automated identification software
regularly identified little brown bats from acoustic record-
ings, so those data are included below (although some of
these calls may have been produced by Indiana bats).

Both blood metabolite and acoustic data suggest similar,
species-specific patterns: red bats actively forage around
lights to take advantage of concentrated prey resources
likely gaining some benefit, while big brown and gray
bats avoid lit areas and thus gain no such benefit. Specifi-
cally, the interaction between minutes after sunset and light
treatment was significant in red bats (r=3.782, P <0.001);
B-hydroxybutyrate levels were highest just after sunset and
declined throughout the night in artificially lit sites, while
at naturally dark sites, B-hydroxybutyrate levels were lowest
just after sunset and increased throughout the night (Fig. 1).
Overall activity, as indicated by acoustic recordings, was
greater at lit sites across the entire night (y*=52.1, df=1,
P <0.001), with two distinct periods during the night when
red bat activity appears highest at lit sites relative to unlit
sites (Fig. 2): one immediately after sunset corresponding
to the highest B-hydroxybutyrate levels for this species, and
another approximately 300 min after sunset. Interestingly,
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the only red bats we captured after approximately 250 min
after sunset were around artificial lights.

Blood metabolite and acoustic data for big brown bats and
gray bats indicate avoidance of lit areas. Plasma B-hydroxy-
butyrate levels were not significantly different between
treatments, across the night, or in the treatment*minutes
after sunset interaction for either big brown bats or gray
bats (P> 0.54 in all cases). Both species were more active
at unlit sites than lit sites (big brown bats: ;(2= 114.3, df=1,
P <0.001; gray bats: ;(2 =683.1,df=1, P<0.001). Notably,
when comparing the difference in activity between lit and
unlit sites for each 15-min interval throughout the night,
activity is rarely greater at lit sites for big brown bats and
gray bats (Fig. 3). Taken together, this strongly indicates
these species appear to be actively avoiding lit areas.

It is difficult to compare p-hydroxybutyrate levels with
acoustic activity for evening and tri-colored bats. Plasma
metabolite levels for evening bats were quite similar between
treatments (#=— 0.017, P=0.987) with no significant inter-
action between the main effects (r=0.114, P=0.911), sug-
gesting this species may be avoiding lit areas. Tri-colored
bats may also be avoiding lit sites as their plasma metab-
olite levels were again very similar between treatments
(t=-1.331, P=0.315) and no interaction between main
effects (r=1.251, P=0.337), although interpretation is lim-
ited given our small sample size. However, care should be
taken when interpreting evening and tri-colored bat acous-
tic data. The Kaleidoscope software is known to commonly
confuse evening and tri-colored bats with more common
red bats (Ford 2017). Qualitatively, the activity patterns of
these two species track closely with red bats (Figs. 2, 3), so
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Minutes after sunset

we suspect these patterns are an artifact of the identification
process, not a biological pattern. While we have no blood
metabolite data for the two Myotis species (Indiana bats
and little brown bats), acoustic data indicate activity is sig-
nificantly greater at unlit sites relative to lit sites (y*>=43.6,
df=1, P<0.001; Fig. 2).

Discussion

Our data show taxon-specific effects of short-term changes
in ALAN from isolated lights in otherwise naturally dark
areas on foraging and activity levels in an insectivorous bat
community. Although subjective, qualitatively our acoustic
data suggest red bats may actively forage around artificial
lights, and B-hydroxybutyrate levels indicate they likely are
gaining some benefit in doing so, regardless of the exact
interpretation of B-hydroxybutyrate levels (see below). The
other species in the community appear to avoid foraging
around artificial light and showed no observable difference
in B-hydroxybutyrate between experimental treatments.
This is the first study, to our knowledge, demonstrating that
ALAN can modify behavior sufficiently to cause knock-on
effects on physiology and energetics, and because the effects
are not the same on all species, ALAN might further affect
competitive balance in a community.

Bats adapted for faster flight in relatively open habitats
are generally considered to be light-tolerant species (Rowse
et al. 2016). Red bats have a moderate aspect ratio, high
wing loading, and are fast flyers with limited (relatively
speaking) maneuverability (Norberg and Rayner 1987).
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They have been the focus of numerous studies on bats and
artificial light (Acharya and Fenton 1992, 1999; Hickey et al.
1996), and these studies have consistently shown artificial
light to have an attractive effect on red bats. Conversely,
slower flying species adapted for flight in cluttered habitat
tend to be light intolerant (Rowse et al. 2016) as slower flight
may make bats vulnerable to predation in open, lit environ-
ments. Big brown bats and gray bats, while not necessar-
ily clutter adapted, do have lower aspect ratios, lower wing
loadings, and are slower fliers than red bats (Norberg and
Rayner 1987). Our data suggest these two species, especially
gray bats, avoid lit areas (Fig. 2). Acoustic data suggest the
other Myotis species in the community (little brown and
Indiana bats) are also light averse (Fig. 2). Evening bats
are not fully clutter adapted, but are weak fliers (Norberg
and Rayner 1987). Although the acoustic data may be unre-
liable for evening bats, this species showed no change in
B-hydroxybutyrate levels between treatments. Further, even-
ing bats did not alter diet, at least with respect to Lepidoptera
and Coleoptera, in the presence of artificial light (Cravens
et al. 2018), suggesting they are not actively taking advan-
tage of increased prey densities around artificial light.

We recorded the highest B-hydroxybutyrate levels in
red bats foraging around lights shortly after sunset, with a
marked decrease throughout the rest of the night. There were
no significant trends in B-hydroxybutyrate levels throughout
the night in other species. Unlike in most other animals,
B-hydroxybutyrate levels in bats appear to behave contrary to
physiological norms, increasing with food intake (McGuire
et al. 2009). Thus, previous papers measuring B-hydroxybu-
tyrate levels in bats have interpreted increased B-hydroxy-
butyrate as an indicator of increased foraging efficiency and
energy intake (Boyles et al. 2016; McGuire et al. 2009).
Using this interpretation, our data suggest red bats forage
heavily around lights shortly after sunset and gain energetic
benefits by doing so, but do not forage around artificial light
late in the night, and thus gain no energetic benefit. This is
incongruous with acoustic data which indicate a second peak
in red bat activity late in the night (Fig. 2). Under this inter-
pretation, the other species in this community avoid lights
and thus gain no benefit of increased prey densities around
lights, regardless of time of night.

Our acoustic and capture data hint that interpreting
B-hydroxybutyrate levels in bats as a proxy of foraging
success might be problematic, and that B-hydroxybutyrate
might behave as it does in other species. Ketogenesis, or the
production of B-hydroxybutyrate and other ketone bodies in
the liver, occurs during periods of low food availability to
provide fuel to the brain, muscles, and other organs (Flatt
1972). Thus, B-hydroxybutyrate levels increase with fast-
ing (Balasse and Féry 1989; Féry et al. 1996; Jenni-Eier-
mann and Jenni 1991; Robinson and Williamson 1980).
Temperate-zone, insectivorous bats generally only forage
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on the wing for 2-8 h each night (Kurta et al. 1989). For
the remainder of the daily cycle they stay in roosts and do
not feed, so we might expect 3-hydroxybutyrate levels to
increase throughout the day, peaking immediately before the
nightly foraging period. If this were the only driver of high
B-hydroxybutyrate, we would expect to see elevated levels
in all species early in the night, which we do not.

Our data suggest 3-hydroxybutyrate may be a better indi-
cator of the energy source powering flight than of forag-
ing success in bats, as it has been interpreted in the past.
Although most commonly thought of as a fasting metabo-
lite, elevated levels of ketone bodies can also be found dur-
ing prolonged or intense exercise (Evans et al. 2017, 2018;
Féry and Balasse 1983; Laffel 1999; Wahren et al. 1984)
and exercise-trained muscles oxidize B-hydroxybutyrate
more efficiently than muscles from sedentary individuals
(Winder et al. 1973). Thus, we might expect to see elevated
B-hydroxybutyrate in bats undertaking intense foraging
shortly after leaving the roost and before they can metabo-
lize exogenous energy sources. If red bats are taking advan-
tage of high densities of insects around lights (particularly
moths) immediately after beginning foraging (Rydell et al.
1996), they may be powering flight through ketogenesis. The
same reasoning may explain why B-hydroxybutyrate levels
are high in little brown bats living at high latitudes, where
foraging bouts are necessarily short and intense because
of limited darkness (Boyles et al. 2016). The difference in
B-hydroxybutyrate patterns between red bats in the two treat-
ments in this study may relate to what the bats were doing
when captured. During the artificial light treatments, red
bats were likely foraging (as indicated by high, sustained
acoustic activity), while red bats captured in naturally
dark conditions were likely commuting to foraging areas
(because they normally forage in open areas, not over roads
and streams where we captured them). The relatively lower
flight costs of straight flight during commuting (Grodzinski
et al. 2009; Voigt and Holderied 2012; Voigt et al. 2010a)
should impose lower energetic demands, and thus less need
for an upregulation of ketogenesis. Interestingly, red bats
were only captured late in the night around lights, and these
individuals universally had low B-hydroxybutyrate levels
(Fig. 1). This would suggest foraging around lights provides
more energy than foraging in naturally dark areas, and as
the night progresses, red bats fuel increasingly more flight
through dietary proteins and fatty acids (Voigt et al. 2010b,
2012). B-hydroxybutyrate levels do not decrease throughout
the night in any of the species which avoid lights or in red
bats at naturally dark sites. Further, both acoustic data and
capture data suggest red bats are not highly active late in
the night at naturally dark sites. If so, energy intake may
never be high enough in the absence of artificial light, when
insect densities are presumably low, for metabolized dietary
sources to fully replace ketone bodies in powering flight.
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Regardless of the interpretation, there are clearly bifur-
cating effects of artificial light in this bat community as the
represented species did not all have the same response. If
B-hydroxybutyrate is interpreted as has been in past wildlife
studies, it represents a proxy for foraging success (i.e. it goes
up when bats actually consume insects). Using this inter-
pretation, the marked increase in B-hydroxybutyrate early
in the night suggests red bats alone are gaining an ener-
getic benefit. However, if the B-hydroxybutyrate signal is
increasing with exercise, it represents a proxy for foraging
intensity (i.e. the effort bats are willing to expend to pursue
a resource). Under this flight interpretation, the significant
increase we see, again solely in red bats, suggests they are
willing to invest more energy for foraging, strongly hinting
that they are gaining some benefit. Thus, our study indicates
red bats, with a morphological propensity for fast flight,
are either: (1) gaining an energetic benefit from increased
foraging success or (2) displaying a willingness to expend
energy to take advantage of insect concentrations around
lights, despite other negative impacts of artificial lights. At
the same time, other, often rarer species seem incapable or
unwilling to either directly benefit or expend the energy to
benefit from foraging around lights.

The production and use of ketone bodies may have other
physiological benefits for bats beyond powering flight dur-
ing periods of intense activity when dietary sources are not
available. For example, ketogenesis inhibits lipolysis, which
serves to maintain endogenous energy stores and muscle
glycolysis, allowing for fattening and recharge of muscle
glycogen (Maizels et al. 1977; Féry et al. 1996; Mikkelsen
et al. 2015; Jenni-Eiermann 2017). Thus, we might expect
to see B-hydroxybutyrate used heavily to power flight during
periods when storing fat is imperative, such as immediately
before hibernation. In support of this prediction, some of the
highest B-hydroxybutyrate levels measured in bats to date
were from little brown bats during the pre-hibernation fat-
tening period in Ontario (McGuire et al. 2009).

The unique combination of circadian cycles, high-fat
diet, and an unusually expensive mode of locomotion might
explain why B-hydroxybutyrate levels appear to increase
with energy intake in insectivorous bats (McGuire et al.
2009). In the lab, bats are fed without foraging. However,
in the field highly energetically expensive foraging occurs
at the end of a daily fast when circulating triglyceride levels
are low. Insectivorous, aerial-hawking bats never naturally
intake energy without flying, so flight and feeding might be
physiologically linked in these species, and a reliance on
a low-carbohydrate diet might mean that dietary energy is
not immediately available to power foraging. Feeding might
signal the liver to increase ketogenesis in insectivorous bats,
even without flight. An interesting test of this hypothesis
would be to measure 3-hydroxybutyrate levels in frugivorous
or nectivorous bats, which can metabolize dietary energy

almost instantly to power flight (Voigt and Speakman 2007).
In these species, ketones may be less important energetic
substrates for powered flight and, therefore, may be less
physiologically linked to flight.

Our results shed additional light on the complex inter-
actions of the bat-insect-light system. Some species, such
as red bats, seem to be at an advantage relative to other
species in areas with artificial light. However, red bats may
not need the advantage of higher insect concentrations as
they are ubiquitous on the landscape and among the most
common species in the region. Other species in the area,
particularly those in the genus Myotis, are rare and becom-
ing rarer. This is a pattern seen in European bat communities
as well, whereby species that are light tolerant are common
on the landscape and those which are light averse tend to be
rare or threatened (Lacoeuilhe et al. 2014; Stone et al. 2009,
2012). In addition to limiting spatial extent, the negative
impacts of light pollution on light-intolerant species may be
further compounded by decreasing prey resources in natu-
rally dark areas where they forage (Eisenbeis 2006; Long-
core and Rich 2004). The low capture rates (and activity
levels from the acoustic data) of those species around lights
would suggest that despite being caught near the light, they
may just be commuting through. Thus, artificial lights may
be helping common species, such as red bats, by concen-
trating resources but actively hurting other, rarer species by
both limiting their distribution on the landscape and concen-
trating insects where these species will not forage. As this
study may be most applicable in more heterogeneously lit
landscapes, as opposed to uniformly lit urban areas, conser-
vation practitioners should ensure protected lands have only
necessary night lighting around infrastructure and work with
lighting engineers to minimize impacts of artificial light on
imperiled bat populations.
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