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The state of the bats in North America

AmandaM. Adams1 Luis A. Trujillo2,3 C. J. Campbell1 Karin L. Akre1

Joaquin Arroyo-Cabrales4,# Leanne Burns5 Jeremy T. H. Coleman6,#

Rita D. Dixon7,# CharlesM. Francis8,# Melquisedec Gamba-Rios1

Vona Kuczynska9 AngieMcIntire10,# Rodrigo A.Medellín2,#

KatrinaM.Morris11,# JorgeOrtega12,# JonathanD. Reichard6 Brian Reichert13,#

Jordi L. Segers14,# Michael D.Whitby1 Winifred F. Frick1,15

1Bat Conservation International, Austin, Texas, USA

2Institute of Ecology, UNAM, Circuito Exterior s/n, Ciudad deMexico, Mexico

3Postgraduate in Biological Sciences, UNAM, Circuito de Posgrados, Mexico

4Archaeozoology Laboratory, National Institute of Anthropology andHistory, Mexico City, Mexico

5Association of Fish andWildlife Agencies,Washington, District of Columbia, USA

6U.S. Fish andWildlife Service, Hadley, Massachusetts, USA

7IdahoDepartment of Fish and Game, Boise, Idaho, USA

8CanadianWildlife Service, Environment and Climate Change Canada, Ottawa, Ontario, Canada

9U.S. Fish andWildlife Service, Missouri Ecological Services Field Office, Columbia, Missouri, USA

10Arizona Game and Fish Department, Phoenix, Arizona, USA

11Georgia Department of Natural Resources, Social Circle, Georgia, USA

12Bioconservation andManagement Laboratory, Department of Zoology, National School of Biological Sciences, National Polytechnic Institute (IPN), Mexico City,

Mexico

13U.S. Geological Survey, Fort Collins Science Center, Fort Collins, Colorado, USA

14CanadianWildlife Health Cooperative, Department of Pathology andMicrobiology, University of Prince Edward Island, Charlottetown, Prince Edward Island, Canada

15Ecology and Evolutionary Biology, University of California Santa Cruz, Santa Cruz, California, USA

Correspondence

Winifred F. Frick, Ecology and Evolutionary

Biology, University of California Santa Cruz,

130McAllister Street, Santa Cruz, CA 95060,

USA. Email: wfrick@batcon.org

#North American Bat Conservation Alliance

Steering Committee

Funding information

U.S. Geological Survey, Grant/Award Number:

G18AC00331; U.S. Fish andWildlife Service,

Abstract

The world’s rich diversity of bats supports healthy ecosystems and important ecosys-

tem services. Maintaining healthy biological systems requires prompt identification of

threats to biodiversity and immediate action to protect species,which forwide-ranging

bat species that span geopolitical boundaries warrants international coordination.

Anthropogenic forces drive the threats to bats throughout North America and the

world.We conducted an international expert elicitation to assess the status of 153 bat

species inCanada, theUnited States, andMexico.Weused expert assessment to deter-

mine the conservation status, highest impact threats, and recent population trends
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Conservation International for these species. We found that 53% of North American bat species have moderate

to very high risk of extinction in the next 15 years. The highest impact threats varied

with species and country, and four IUCN threat categories had the greatest overall

impacts: Climate Change, Problematic Species (including disease), Agriculture, and

Energy Production. Experts estimated that 90% of species assessed had decreasing

population trends over the past 15 years, demonstrating the need for conservation

action. Although the state of North American bats is concerning, we identify threats

that can be addressed through internationally collaborative, proactive, and protective

actions to support the recovery and resilience of North American bat species.
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INTRODUCTION

Maintaining biodiversity is key to preserving ecosystems and ecosys-

tem services worldwide.1–3 To support this goal, conservation groups

and agencies assess species status, identify conservation targets, and

strategize and execute actions that can help prevent species loss.4–6

International collaboration can amplify the impact of each step in this

conservation response chain,7 especially when partners coordinate

efforts effectively without delaying action.8 Rapid response to extinc-

tion risk is critical because populations of many species are decreasing

and extinction rates are rising globally.1 Elicitation of information from

an international group of experts pools knowledge and experience to

assess the status of multiple species, identify their threats, and pri-

oritize response actions in a timely manner. Gathering information

through expert elicitation can addressmany species at once—including

species with ranges that cross international boundaries—to under-

stand individual species conservation status and broad trends within

taxonomic groups. Here, we used international expert elicitation to

evaluate the conservation status of bat species and their threats across

North America.

Bats are vital components of diverse ecosystems around the world,

but they face numerous anthropogenic threats that jeopardize their

survival. Bats provide ecosystem services through activities such as

pollination or insect consumption, both of which contribute to agri-

cultural productivity.9,10 Sustainable guano harvesting11 and tourism

around viewing bat emergence flights12 provide economic opportu-

nities for communities. Threats to bats and the ecosystem services

they provide include climate change, habitat loss, collision with wind

turbines, persecution, and invasive species.13–15 Understanding the

importance of these threats for different species and regions is neces-

sary for effective conservation efforts.

The relative andcumulative impactsof threats varybetween species

and across a species’ range according to the ecology of each species,

which determines how it interacts with the environment. For example,

white-nose syndrome (WNS), caused by the invasive fungus Pseudo-

gymnoascus destructans (Pd), infects bats while they hibernate and has

spread across most of the North American continent since the fun-

gus was first discovered in New York in 2007.16–19 The disease can

causemassmortality, and affected populations of at least three species

have declined by more than 90%.20 Several bat species are threat-

ened by collisions with turbines at wind energy facilities, which cause

hundreds of thousands of bat fatalities each year in North America.21

This threat is especially significant for species that migrate through

regions with rapidly expanding wind energy development.22,23 The

effects of threats vary among species and locations such that some

threats may impact many bat species in localized areas where the

threat is prominent, while others have a pronounced impact influenced

by the biology of a species throughout its range. Many North Amer-

ican bat species have ranges spanning geopolitical borders such that

international collaboration is required to fully assess the threats they

face.

Identifying the drivers underlying threats to bats is essential to fore-

cast how threatsmay be expected to change in the future and how they

can be reduced or eliminated. For example, climate change can cause

temperature shifts that alter bat hibernation behavior,24 the timing of

insect availability,25 and bat foraging opportunities.26 Climate change

is also leading to more extreme weather events that can trigger mul-

tiple mortality events for bats.14,27 All of these disparate challenges

for bats will continue with the progression of climate change, and all

would benefit from reduced fossil fuel use to slow this progression.

Understanding threatdrivers is also importantwhen interactionsoccur

between threats. In the case of climate change, the development of

wind energy that helps reduce dependence on fossil fuel-based energy

production also poses a threat to multiple bat species through colli-

sions with turbines, and conservation action must balance the need to

reduce fossil fuel usewith the need to protect bats fromwind turbines.

Recognizing threat drivers and their interactions can inform strategies

to reduce or mitigate their impacts. A nested threats assessment pro-

cess, such as NatureServe’s methodology,28,29 using expert knowledge

and standardized classifications of threat categories30 is a valuable

tool for establishing this understanding.

In this study, scientists from Canada, the United States, and Mex-

ico met to assess the state of North American bats using an adapted

NatureServe approach via a structured expert elicitation process.31,32
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Over 10% of the world’s bat fauna by species live in North Amer-

ica, accounting for 153 of the 1474 species globally.33 A total of 102

experts assessed the scope and severity of 44 threats to North Amer-

ican bat species as part of a trinational effort led by the North Ameri-

can Bat ConservationAlliance (NABCA,www.batconservationalliance.

org), which supports collaborative bat conservation in Canada, the

United States, and Mexico. Expert elicitations are used to assist

decision-making when empirical data are limited, and problems are

time-sensitive,32 as is often the case with bat conservation.15,34 We

analyzed the inputprovidedbyexperts toaddress three focal questions

about North American bat species: (1) What is the current conser-

vation status for North American bat species? (2) Which threats are

expected to have the highest impact on bat species in North America

over the next 15 years? (3) What are expert assessments of popula-

tion trends for bat species in North America over the past 15 years? By

meeting with bat experts from multiple countries, we aimed to estab-

lish a baseline understanding of the status of bats and strengthen the

collaborations responsible for designing bat conservation at continen-

tal scales. We present the results of this study to help inform and

prioritize conservation research and action in conjunction with col-

laborative population monitoring to determine whether conservation

actions areworking to improve the conservation status of bats inNorth

America before it is too late.

METHODS

Expert elicitation process

TheNABCA steering committee and regional batworking groups nom-

inated bat experts from throughout North America to participate in

the assessment, ensuring comprehensive regional participation. Qual-

ifications to participate as an expert included experience conducting

scientific research (a minimum of one peer-reviewed publication) on

North American bat species and/or experience working on the man-

agement of populations of North American bat species at local, state,

or federal jurisdictions and have contributed to at least one techni-

cal report on a bat species. In total, 102 experts contributed species

assessments (Canada: 14, USA: 46,Mexico: 42; see Table S1).

We held our first meeting and conducted the assessment in the

summer of 2020 for experts in the United States and Canada and

in the spring of 2021 for those in Mexico. We created an assess-

ment tool to capture independent input from meeting participants

using a web-based platform to gather information, LimeSurvey (v.

3.22.17+200525, www.limesurvey.org, see Supporting Information).

We adapted NatureServe Assessment methods29,35 to evaluate each

species by country using four factors: range extent, population size,

short-termpopulation trend, and threat impact. For each factor (except

range extent), we used a four-point elicitation procedure to capture

within-expert uncertainty31; experts provided minimum, most likely,

and maximum estimates and their confidence level that the real value

lay within the range they provided. Confidence levels had to be greater

than 50%, because a 50% confidence level would indicate there was

also a 50% chance the true value lay outside of the range estimated.

We encouraged the setting of estimate ranges so that experts were at

least 75% confident that the true value fell within the range.36

We followed amodifiedDelphi approach36 for the expert elicitation

that was designed to reduce the effects of expert overconfidence and

bias. Our elicitation process had four steps: (1) we invited experts and

met to discuss objectives and train them on the elicitation process; (2)

experts provided information independently on each species for each

country using the assessment tool; (3) we met with experts to review

and discuss anonymous, collated responses; and (4) experts reviewed

their responses independently after the meeting and adjusted their

assessment, if warranted. Experts were provided written instructions

and virtual training to familiarize themselves with the assessment

tool and interface before starting their assessments. During the ini-

tial meeting, we also reviewed the NatureServe methods and factors

to establish a shared understanding of the NatureServe factors and

the InternationalUnion forConservation ofNature (IUCN)ThreatCat-

egories. In Canada (17 species; Table S2) and the United States (44

species), experts completed their assessments individually, and then

regional groupsmet to review and discuss summarized species reports

of the assessment results. After discussion, experts had the opportu-

nity to revise their assessments. We adjusted the elicitation process

in Mexico based on what we learned from the assessment process in

Canada and theUnited States. Due to the high diversity of bats inMex-

ico (142 species), we identified a subset of 53 species that would not

be assessed (Table S3). Using expert knowledge of theMexican species

on the NABCA Steering Committee and national listings, we iden-

tified species that were common, well-studied, and already deemed

not of conservation concern (37 species), and of known conservation

concern, federally listed, or endemic (16 species).4,37 Mexican experts

then discussed and completed their assessments for the remaining 89

species in a series of online workshops. In January 2024, a subset of

Mexican experts assessed population trends for 22 of the 53 species

previously identified as secure and endangered/threatened. Due to

these differences in the extent of species assessment, the number of

species assessments available to answer each focal question varies.

Data inputs

Range extent

Experts estimated the current range of each species within each

national boundary. Within the online assessment tool, we provided a

mapping tool to help visualize the focal species’ range extent based on

occurrence records from the Global Biodiversity Information Facility

(GBIF, www.gbif.org). Based on the GBIF range extent, we provided the

calculated area (km2) for the extent of occurrence of each species in

the assessed country. If experts disagreed with the GBIF range extent

(e.g., if they felt the range was larger, or conversely, some records may

be erroneous), they could redraw the polygon for a new area calcu-

lation. Experts then selected at least one of the NatureServe range

extent categories (zero; <100 km2; 100–250 km2; 250–1000 km2;

1000–5000 km2; 5000–20,000 km2; 20,000–200,000 km2; 200,000–
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2,500,000 km2;>2,500,000 km2; unknown). Experts could selectmore

than one category to indicate uncertainty.

Population size

Experts estimated each species’ current total population size by coun-

try with the four-point estimates (see Supporting Information). We

provided a tool to help put their population size in context with

their range extent estimates by calculating population density (central

population size/mean range extent) for the number of bats per 100

km2.

Short-term population trend

We assessed the trend of each species’ population by country over the

past 15 years. The NatureServe recommended standard is 10 years or

three generations,35 but we lack generation time estimates for most

bat species. Given that many bat species may have generation times of

at least 5 years,38 we felt that 15 years provided a reasonable time-

frame for standardizing the assessment of all bat species in North

America. It also allowed us to capture the impact of WNS on bat pop-

ulations from the start of the epizootic.16,39 We provided a population

trend estimation tool in the assessmentwith a figure and table showing

how, based on an expert’s central current population size estimate, dif-

ferent trend scenarios translate to the population size 15 years prior

(i.e., 2005). Experts could adjust the population size slider for differ-

ent population trend scenarios. This tool was also an opportunity for

experts to check the reasonableness of their central population size

estimate.

Threat impact

The IUCN Threats Classification Scheme Version 3.2 is a hierarchi-

cal classification with 11 Level 1 threat categories and 44 Level

2 threats (hereafter referred to as threat categories and threats,

respectively; seewww.iucnredlist.org/resources/threat-classification-

scheme).30 We calculated the impact of each threat based on the

experts’ assessments of estimated scope and severity following this

system. The scope of the threat is the percent of the population cur-

rently or likely to be affected over the next 15 years.40 We provided a

tool to help experts estimate the scope of a threat by drawing a poly-

gon over the GBIF range map of the species to get the percentage of

the species’ range impacted by the threat but cautioned that area was

not a perfect surrogate for population size, especially for species with

uneven distributions. The severity of a threat is the anticipated change

in the affected portion of the species’ population due to the threat over

the next 15 years.41 If an expert considered the scope or severity of a

threat<1%, they selected “negligible.”

Analysis of short-term population trend and threat
impact

FollowingOakley,42 we incorporated the four-point expert assessment

(minimum, most likely, and maximum estimates, and confidence level)

of trends and threats for each species–country combination analyt-

ically to account for confidence levels in subsequent analyses. We

estimated distribution parameters for each expert’s scope and severity

assessments for each threat with the gamma distribution and sim-

ulated 10,000 estimates from each assessment, bounding estimates

between 0 and 1. We report the percentile summaries, primarily rely-

ing on the 50th percentile (median) for the scope and severity of each

replicate within a species–country combination.We also drew directly

fromscope and severity estimates to simulate 10,000 impact estimates

(impact= scope * severity). We assessed species trend estimates using

a similar approach,where trendestimateswere simulated fromaGaus-

sian distribution and bounded between −1 (100% decrease expected

within 15 years) and 1.4 (reflecting an estimate of the expected max-

imum growth rate possible for a bat population within 15 years).23

Range extent and population size were used as required inputs in

NatureServe Conservation Status Assessment Rank Calculator but

were not analyzed for this study.

What is the current conservation status for each
species?

We used the NatureServe Conservation Status Assessment Rank Cal-

culator Version 3.235 to calculate the conservation status based on

the results of the expert assessments for each species nationally.28,29

This method scales and weights multiple factors related to species

rarity, threats, and trends according to the impact of each factor on

extinction risk, providing a consistent way to include many types of

data in an overall status assessment. We calculated the median (50th

percentile) impact estimate across the expert assessments for each

species by country to calculate the National (N) Conservation Sta-

tus Rank. We determined the Global (G) Conservation Status Rank by

rounding N-ranks to the most imperiled rank when species were eval-

uated in two countries and to the median rank for species evaluated

in Canada, the United States, and Mexico. We report G ranks when

> 99% of a species range43,44 falls within the evaluated countries of

Canada, the United States, and Mexico. Following NatureServe’s defi-

nitions, we considered the status of Critically Imperiled, Imperiled, and

Vulnerable to be at very high, high, or moderate risk of extinction or

elimination, respectively, due to very restricted range, very fewpopula-

tions or occurrences, very steep declines, very severe threats, or other

factors.35 Specieswith these three statuses are collectively considered

at-risk (Table S4).While the IUCNG ranks are qualitatively alignedwith

federal protection statuses in each of the three countries involved in

this study, it is not uncommon for status ranks to differ for a given

species.

Which threats are expected to have the highest
impact over the next 15 years?

We analyzed threats and threat categories for each evaluated species

and country using median impact estimates for the next 15 years.

From the expert assessments, we identified the top threats to bats for
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each species–country combination by ranking those estimates and top

threat categories for each country by summing impact values of threats

contained within those categories and ranking those summed totals. A

total of 150 species/country combinations were evaluated for threats,

representing 109 species across North America.

What was the population trend for each species over
the past 15 years?

We categorized the results of the short-term population trends based

on the distribution of the summed estimates from the expert assess-

ment for each species–country combination, where species’ past 15-

year population trends were categorized as decreasing (100 to 80% of

simulated trend estimates < 0), likely decreasing (80 to 60% < 0), no

trend (60 to 40% < 0), likely increasing (60 to 80% > 0), or increasing

(80 to 100%> 0).

RESULTS

What is the current conservation status for each
species?

Of the 153 species assessed in this study, 81 (53%) were considered

at-risk (Vulnerable, Imperiled, or Critically Imperiled) in at least one

country (Figure 1). In Canada, 14 of 17 (82%) species were considered

at-risk. In the United States, 33 of 44 (75%) species were considered

at-risk. In Mexico, 49 of 142 (35%) species were considered at-risk.

Species assigned to at-risk conservation status by expert assessment

are distributed across taxonomic groups, and no family appears to be

generally secure (Figure 1 and Table S5). Of 20 species in the family

Molossidae, 35% were considered at risk in a national conservation

status rank (N-rank). Of 58 species in the family Phyllostomidae, 50%

were considered at-risk in an N-rank. Of 56 vespertilionids, 68% were

considered at-risk in an N-rank.

Which threats are expected to have the highest
impact over the next 15 years?

We chose four top threat categories for closer analysis based on

the cumulative impacts of threats estimated by experts: Climate

Change (ranked first in both the United States and Mexico); Invasive

& Other Problematic Species, Genes, & Diseases (hereafter referred

to as “Problematic Species,” ranked first in Canada and second in the

United States); Agriculture & Aquaculture (hereafter referred to as

“Agriculture,” ranked second inMexico); and Energy Production&Min-

ing (hereafter referred to as “Energy Production,” ranked second in

Canada, Table 1). Across North America, experts assessed these four

threats to have the highest impact on 43 species (Climate Change), 30

species (Agriculture), 16 species (Energy Production), and 14 species

(Problematic Species); and at least a medium or greater impact on

a total of 60 species (Climate Change), 35 species (Agriculture), 22

species (Energy Production), and 21 species (Problematic Species), out

of a total of 109 species assessed.

Drought, within the threat category of Climate Change, is the most

commonly identified leading threat, as it is the top-ranked threat

in at least one country for the most species (35 of 109 species, or

32%). Drought is also the most common top threat among all species–

country assessments (41 of 150 assessments, or 27%, Figure 2) and

among species in the United States (21 of 44 assessments, or 48%).

In Canada, invasive non-native/alien species/disease (includes WNS;

hereafter referred to as “invasive species”; this threat occurs within

the threat category of Problematic Species) is the top-ranked threat

for most bat species (71%) (Figure 2). The most commonly identified

top threat for species in Mexico is livestock farming and ranching,

ranked highest for 34% of Mexican species (Figure 2). Multiple threats

impact each species (Table S2), and high threat impact can result from

a broad scope, high severity, or both. For example, drought has a

broad scope in impacted species (large or pervasive scope for 48% of

species–country assessments), and invasive species has a high severity

in impacted species (serious or extreme severity in 17 assessments). In

contrast, renewable energy has both a broad scope and high severity

for impacted species (large or pervasive scope and serious or extreme

severity for 14 assessments).

What was the population trend for each species over
the past 15 years?

Experts estimate that 90% of bat species have experienced population

declines (n = 62 with high confidence; n = 55 with moderate confi-

dence) in at least one country (Figure 3). In Canada, experts have high

confidence that 6 of 17 (35%) species have decreased and moderate

confidence that 5 of 17 (29%) additional species have decreased. In

the United States, experts have high confidence that 8 of 44 (18%)

species have decreased and moderate confidence that 15 of 44 (34%)

additional species have decreased. In Mexico, experts have high con-

fidence that 55 of 111 (50% of the species assessed) have decreased

andmoderate confidence that 48 of 111 (43%) additional species have

decreased.

Three species (Leptonycteris yerbabuenae,Myotis grisescens, and Nyc-

ticeius humeralis) are estimated to have positive population trends

(Figure 3). Two of these were protected as endangered under the

Endangered Species Act of 1973, as amended (16 U.S.C. 1531, et seq.;

ESA) and had recovery plans: gray bats (M. grisescens, listed 1976;

Box 1) and lesser long-nosed bats (L. yerbabuenae, Figure 1.4, listed

1988, delisted 2018; Box 2).

DISCUSSION

Fifty-three percent of North American bat species were estimated to

have moderate to very high risk of extinction or elimination in the next

15 years, and 90% are estimated to have populations that decreased
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F IGURE 1 The results of expert elicitation assessment of NatureServe conservation status of bats in Canada (outer ring), the United States
(middle ring), andMexico (inner ring). Eight families are represented in North America: Vespertilionidae (a), Molossidae (b), Phyllostomidae (c),
Mormoopidae (d), Noctilionidae (e), Natalidae (f), Thyropteridae (g), and Emballonuridae (h). Species pictured are (1)Myotis lucifugus, little brown
bat (photo by C.M.F.), (2) Perimyotis subflavus, tricolored bat (photo by C.M.F.), (3)Nyctinomops macrotis, big free-tailed bat (photo by Dustin Smith),
(4) Leptonycteris yerbabuenae, lesser long-nosed bat (photo by J. Scott Altenbach), (5) Trachops cirrhosus, fringe-lipped bat (photo by Sherri and
Brock Fenton), and (6) Saccopteryx leptura, lesser sac-winged bat (photo by Carlos N. G. Bocos).

or likely decreased over the past 15 years, indicating that conserva-

tion action is urgently needed in all three countries. We identified

18 bat species (12%) as Imperiled or Critically Imperiled according

to expert assessment. Eleven of these species are federally protected

in at least one country in their range, 8 species are federally pro-

tected in all of the countries where they occur in North America,

and 10 species do not currently have protected status in at least one

country within their range (Table S6). Twenty-four percent of North

American bat species have transnational ranges across one or more

international boundaries within Canada, the United States, and Mex-

ico,making international collaboration crucial to conservationplanning

at relevant range-wide scales. We found that multiple threats impact

North American bat species, and according to experts, four threat cat-

egories with the highest impact per country were Climate Change,

Agriculture, Energy Production, and Problematic Species. Some imper-

iled species have one consistent top threat in each country within their

range (e.g., Choeronycteris mexicana: drought in the United States and

Mexico), while others have distinct top threats in each country within

their range (e.g., Antrozous pallidus: invasive species in Canada, drought

in the United States, and agricultural and forestry effluents inMexico).
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TABLE 1 The top five threat categories are ranked by the estimated cumulative impact on bat populations over the next 15 years in North
America (Canada: 17 species, United States: 44 species, Mexico: 89 species).

Rank of threat category

impact Canada United States Mexico

1 Problematic Species Climate Change Climate Change

2 Energy Production Problematic Species Agriculture

3 Climate Change Natural SystemsModification Pollution

4 Biological Resource Use Energy Production Biological Resource Use

5 Residential & Commercial

Development

Pollution Energy Production

F IGURE 2 Summary of the highest impact threats, within various threat categories, for each bat species (represented as a square) for each
country in North America represented as the threat category (color) and threat (icon).

The conservation status and threats identified in this expert elicitation

can inform conservation decisions at a critical moment before species

becomemore imperiled.

The four top threat categories identified in this study have under-

stood or presumed underlying drivers of population declines in bats.

Most species with Climate Change as a top threat category are threat-

ened specifically by drought according to experts (35/43 species).

Water availability and precipitation are known to affect nightly trav-

eling distances and times; timing and amount of insect, nectar, and fruit

resources; and reproductive rates and survival of young—all of which

can significantly affect population trends.45–47 All species with Agri-

culture as a top threat category are specifically threatened by habitat

conversion for livestock farming and ranching in Mexico, according to

experts (30/30 species), as the expansion of this practice can reduce
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F IGURE 3 Population trend bars for bat species in North America based on expert opinions, showing estimated population change over the 15
years preceding the expert elicitation (2005−2020). Each bar represents themedian trend estimate for a species. Bar color indicates trend
direction and confidence level, and error bars (in gray) indicate the range of the 40th to 60th percentiles of expert estimates. Threat boxes show
the projected impact of four top threat categories (Climate Change, Agriculture, Energy Production, and Problematic Species) on each species
represented by the aligned trend bar.

or degrade foraging and roosting habitats.48 Many of the species with

EnergyProductionas a top threat categoryaccording toexperts (10/16

species) are specifically threatened by renewable energy through fatal

collisions with wind turbines.21 This threat has a high impact on the

seven species for which experts have the highest confidence of popu-

lation decline in Canada (Figure 3). All bats with Problematic Species

as a top threat category identified by experts (14/14 species) have

declining populations due to the diseaseWNS.20 This threat has a very

high impact on five of the six species, with the most severe decreases

in Canada and the United States (Figure 3); population declines from

WNS have beenwell documented.20

Management response to the threats to bats can draw from

evidence-based conservation strategies,49 which can proactively

and/or reactively reduce and mitigate their impacts. For example,
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Box 1. Gray bat recovery

Myotis grisescens, the gray bat, is an insectivorous species

limited to limestone karst areas of the Southeastern United

States. Gray bats occupy caves year-round and migrate

between summer and winter sites, where roost size can vary

from a few thousand to over a million bats. Hibernating pop-

ulations are concentrated in caves across northern Alabama,

Arkansas, Kentucky, Missouri, and Tennessee. The summer

range extends from eastern Oklahoma to central North Car-

olina. The gray bat primarily forages over water, hawking for

aquatic insects.

TheU.S. Fish andWildlife Service (FWS) listed the gray bat as

endangered in 1976 under the Endangered Species Act, pri-

marily due to cave commercialization, improper cave gating,

and roost disturbance, modification, or destruction. At the

timeof listing, the total estimatedpopulationof graybatswas

1.5 million.76 Through the installation of bat-friendly gates

and cave protections, the FWS, state natural resource agen-

cies, private landowners, and other conservation organiza-

tions successfully reduced human disturbance and protected

over 95% of the 15 major winter hibernacula and over 50%

of 95 biologically significant summer colonies. Monitoring

efforts show that gray bat numbers have increased dramati-

cally at locationswhere threatswere resolved, and currently,

there arenearly 5million graybats range-wide (V.Kuczynska,

FWS Missouri Field Office, written comm., 2024). White-

nose syndrome exists within the entire range for the species

but has not causedmassmortality events (V. Kuczynska, FWS

Missouri Field Office, written comm., 2024), in contrast to

some other species of bats.

Experts identified Human Intrusions & Disturbance and Cli-

mate Change as the top threat categories for gray bats in this

assessment. Wind energy facilities are expected to expand

into much of the gray bat range, and siting decisions will

determine how wind energy development will impact gray

bats. Avoidingmigration pathways and the locations of hiber-

nacula and maternity colonies will help minimize the impact

on gray bats range wide.

although the frequency and intensity of droughts are projected to

increase under climate change scenarios, protecting, restoring, and

creating wetlands or other water sources can lessen the impacts of

these events on species that are most susceptible to this threat.50

Adopting low-intensity farming practices such as using diverse native

trees for shading rather than high-intensity practices such as unshaded

monocultures can avoid the drop in species richness and abundance

associated with high-intensity farming.51 Feathering turbines at low

wind speeds and curtailing turbine operation at night duringmigratory

periods can reduce fatalities at wind energy facilities.49,52 Employing

Box 2. Lesser long-nosed bat recovery

Leptonycteris yerbabuenae, the lesser long-nosed bat

(Figure 1.4), is a nectar-feeding species that migrates north

in the spring to give birth in northernMexico and parts of the

Southwestern United States.77 The FWS listed the species

as endangered in 1988 due to reports of long-term declines

and concerns about habitat loss in the Sonoran Desert

ecosystem, roost disturbance, and human persecution.62,78

In Mexico, the Secretaría de Desarrollo Social (SEDESOL)

listed the species as threatened on the first Federal List

of Endangered Species in 1994 (as L. sanborni).79 Federal

listing in the United States triggered funding for recovery

actions such as roost protection and an FWS recovery plan62

initiated research to understand the species’ ecology and

identified conservation actions that included protecting and

monitoring roost sites, protecting foraging access, design-

ing and implementing public education, and research into

reproductive behavior.

Stakeholders in both countries took action to protect the

species, determine status and population trends, and assess

ongoing threats. Roost protection measures included legal

protection of caves, gating or fencing caves and roads, pub-

lic education, and enforcement.63 Cave vandalism in Mexico

was successfully reduced.80 Biologists discoverednewroosts

and studied roost switching and species distribution.63 The

research examined foraging behavior and the impact of

livestock grazing and agave harvesting.63 Maternity roost

monitoring practices improved by accounting for seasonal

movement and using new technology such as infrared

videography.63,81

Mexicodelisted L. yerbabuenae in 2013, and theUnitedStates

removed it from the Endangered Species Act in 2018.63,81

Officials determined that threats had been reduced or man-

aged, the total population size was stable or increasing

across its range, and the species could adapt to some habi-

tat disruption.63 Ongoing education programs spread pub-

lic support for protecting bat pollination services.63,82 The

delisting from the endangered species list in the United

States included a post-delisting monitoring plan.63

solutions to improve the survival of bats with WNS and disinfection

strategies to reduce the abundance of the fungal pathogen in the envi-

ronment is key to addressing the threat of invasive Pd for multiple bat

species across North America.19,53–57 The evidence base for conser-

vation actions for bats is still growing, but many actions are known or

expected tobenefit bat populations or reduceharmwith little to no risk

and can be used in adaptivemanagement and research efforts.

Legal protectionof imperiled species is amanagement response that

can create positive outcomes for imperiled species.58 Two of the only
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three species identified with positive population trends over the past

15 years, according to experts, M. grisescens (Box 1) and L. yerbabue-

nae (Box 2), were legally protected as endangered species during this

time frame.59,60 Both these species had associated recovery plans61,62

under the Endangered Species Act (ESA) in the United States. For L.

yerbabuenae, listed in both the United States and Mexico, there were

binational collaborations on monitoring and conservation efforts that

ultimately resulted in this species being the first bat to be delisted

due to recovery, first in Mexico and then in the United States.63 Fed-

eral protection has been provided for some species of bats in Canada,

theUnited States, andMexico, although processes vary for considering

additional species.64 Many states and provinces also havemechanisms

to protect bats by identifying species as endangered, threatened, or

of special concern (or similar). Such legislative actions provide natural

resource agencies with additional tools to protect species at the state

or provincial level. At a minimum, legal protections draw attention to

at-risk species, which can motivate support for additional research or

conservation by various stakeholders.

Our results show an increase in at-risk species relative to a 2017

assessment using similar metrics for bats in Canada and the United

States, where 31% of species in these two countries were considered

at risk.65 Our expert elicitation results indicate that North American

bats may be more imperiled than is suggested by the IUCN Red List

(accessed January 2024), which lists 6 of 49 species (12%) in the North

American region (including only theUnited States andCanada) as criti-

cally endangered, endangered, vulnerable, or datadeficient, and just 20

of 182 species (11%) in these categories for theMesoamerican region.

A comparison of various status designations for all species found to

be Imperiled or Critically Imperiled in this study reveals that the sta-

tuses of many imperiled species are not consistently recognized across

geopolitical borders (Table S6). This comparison indicates that inter-

national communication, updated species assessments, and expanded

conservation efforts may be helpful in addressing a growing need for

supporting bats.

Knowledge gaps in our understanding of species status and ecol-

ogy can hinder the success of bat conservation efforts around the

globe.15 For many bat species, ecology, distribution, and migratory

behaviors remain poorly known, making conservation planning more

uncertain. Research enabling informed conservation decisions is an

important priority, and the results of this elicitation study point to

the need for greater research efforts focused on particular species

with imperiled status, the highest impact threats, and the species most

likely to be experiencing population decline. However, knowledge gaps

need not delay management action. Adaptive management can test

conservation actions based on currently available data while building

a knowledge base to modify and improve management efforts over

time.66–68 Ideally, adaptive management incorporates monitoring

at appropriate temporal and spatial scales to measure population

response.69 The North American Bat Monitoring Program (NABat,

www.nabatmonitoring.org) is designed to monitor bat population sta-

tus and trends at multiple scales through collaborative data collection

and data sharing across the continent,34,70 offering repeatable, sta-

tistically rigorous, data-driven solutions for measuring bat population

response tomanagement efforts at local and range-wide scales.

Given that many bat species have wide ranges, effective manage-

ment often requires coordinated, interagency, and interjurisdictional

efforts.71 When a species’ range crosses international borders, align-

ing the efforts of cross-boundary organizations that share the goal of

species protection can increase the likelihood of positive conservation

outcomes.8 Internationally collaborative bat conservation alliances

can generate effective management guidance72–74 and support from

community and industry stakeholders.26 Bringing together interna-

tional teams to address specific shared problems can create a network

of stakeholders that coordinate responses to broadly relevant bat

conservation issues. For example, federal, state, provincial, and non-

government collaborators in the United States, Canada, and Mexico

have been working together in a coordinated effort to address the

threat of WNS to North American bats. The novel problematic fungus

that causesWNSwas identified as a threat to bats soon after it arrived

in the United States. The US National Plan for Assisting States, Federal

Agencies, and Tribes in Managing White-nose syndrome in Bats71 was for-

malized as a multispecies recovery plan to coordinate conservation

efforts through research, management, and communication to benefit

WNS-affected species regardless of their federal listing status under

the ESA. Soon after, A National Plan to Manage White-nose Syndrome

in Bats in Canada75 further outlined cross-border consistency and col-

laboration in addressing the threat. Recognizing the importance of

international collaboration to address WNS and other threats to bats,

the Trilateral Committee forWildlife and EcosystemConservation and

Management (www.trilat.org), a collaboration between Canada, the

United States, and Mexico that was created to address shared conser-

vation goals across North America, signed a letter of intent to unite

federal, state, provincial, and nongovernmental organizations across

all three countries in support of bat conservation. This commitment

led to the formation of NABCA, support for developing and establish-

ing NABat, and successful bat conservation initiatives, including this

expert elicitation study.

Expert elicitation can play an important role in conservation strate-

gies protecting bats or any broadly distributed taxonomic group.

International expert elicitations can contribute to conservation by con-

ducting widespread assessment, pointing to effective management

actions, and establishing networking pathways for ongoing partner-

ships. Results from expert elicitation provide valuable information

to be incorporated into management and recovery plans, legal list-

ing decisions, and research priorities. Expert elicitation can also

reveal data gaps and uncertainties. Nongovernmental organizations,

academic and research institutions, and the public can use elicita-

tion results to prioritize research and conservation initiatives. The

expert elicitation process can be a timely way to assess progress

toward conservation goals and gain perspective on whether con-

servation methods have been effective. Future expert elicitation

projects assessing international bat assemblages in regions across

the globe would strengthen bat conservation knowledge, efforts, and

networks.
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CONCLUSION

Our expert assessment of the state of North American bats highlights

areas of concern for biodiversity, but also opportunities to address

common threats among bat species. Our understanding of bats and

threats to bats is growing, and lessons from successful conserva-

tion can guide diverse practitioners to effective planning. Addressing

threats early and before they have had severe impacts on species

often leads to the best outcome for conservation efforts.When threats

cannot be addressed early, and species have been severely impacted,

the protective power of legal federal listing is a valuable tool to help

ease the threat and recover an imperiled species. Targeted efforts to

change public attitudes toward bats can also generate broad support

for bats, as well as bring economic gain for communities through bat-

based tourism.12 Research on bat biology can spark innovative ideas

for effective conservation actions that reduce population decline, and

these actions can bring complementary benefits to habitats that other

taxa also rely on. With coordinated efforts to reduce threats, raise

public awareness, protect and restore habitat, andmonitor species sta-

tus and trends, conservation efforts can improve the outlook for bat

species across North America and globally.
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