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For urban environments to support bat communities, resources need to be readily
available. For example, bats typically use urban water sources such as drainage ditches
and ponds; however, these sources can be ephemeral. During these periods, bats
have utilized residential swimming pools, although they only appear to drink at pools
when access to more natural equivalents are limited. This posed the question “can
we make residential swimming pools friendlier for a diversity of bat species?” Using
citizen science to determine which pool characteristics influenced bat activity, we
distributed a questionnaire to residents in a suburban neighborhood in Fort Worth, TX,
United States. It focused on observations of bat activity and the features of the pools
and immediate surroundings. We distributed the questionnaire through social media,
local presentations, and by mail throughout 2019 and 2020. We then used classification
trees to determine which characteristics in combination influenced bat activity at the
pools. We generated three different trees for bats observed (1) flying around the property
and backyard, (2) above the swimming pool, and (3) drinking at the pool. We found that
more bats were observed at unlit pools without bush or shrub borders. Furthermore,
among pools with borders, activity was lowest at pools with textured interiors and ≥6
trees visible. The presence of features, such as fountains, then contributed to a reduction
in bat observations in backyards and the presence of pets appeared to further reduce
activity specifically over the pools. Where bats were observed drinking, this activity was
reported the least at pools with bush or shrub borders, textured interiors, and trees <5 m
and >10 m from the edge of the pools. Our study revealed that certain characteristics
of residential swimming pools encouraged bat activity, while others discouraged them.
Thus, it may be possible to make swimming pools more bat-friendly. For example,
turning lights off in the evening when backyards are not in use and reducing clutter
around pools could have an immediate positive impact on local bat populations. The
implementation of such recommendations could improve urban habitats for bats overall
and alleviate some of the negative implications of continued urbanization.

Keywords: bat activity, Chiroptera, drinking behavior, resource use, questionnaire, water source

Frontiers in Ecology and Evolution | www.frontiersin.org 1 May 2022 | Volume 10 | Article 860523

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2022.860523
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fevo.2022.860523
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2022.860523&domain=pdf&date_stamp=2022-05-20
https://www.frontiersin.org/articles/10.3389/fevo.2022.860523/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-860523 May 16, 2022 Time: 16:18 # 2

Bennett and Agpalo Bat Swimming Pool Use

INTRODUCTION

Citizen science has proven to be a useful tool for monitoring the
abundance and distribution of species, establishing population
trends, and informing wildlife management and conservation
practices (Brown et al., 2020; Adesh et al., 2021; Lewanzik
et al., 2021; Hughes et al., 2022). These citizen or community-
based studies solicit volunteers to report wildlife sightings as,
when, and where they are observed (such as iNaturalist1, a
collaborative project from the California Academy of Sciences
and the National Geographic Society, and eBird.org from the
Cornell Lab of Ornithology) or answer a series of questions
associated with wildlife sightings or events that have occurred
(Chauhan and Gallacher, 2021; Gutierrez-Munoz et al., 2021;
Niemiller et al., 2021; Edwards et al., 2022). Typically, citizen
science studies are more successful and informative when they
have received a higher volume and diversity of responses, as
increased variability reduces biases and enhances the overall
reliability of the information received (Wilson et al., 2020;
Coomber et al., 2021; Richter et al., 2021). Studies that have the
opportunity to involve more volunteers or are able to reach more
respondents are those that cover a larger geographic range and
are conducted in areas with a higher concentration of potential
volunteers (Border et al., 2017; Fischer et al., 2021; Owens et al.,
2021). Citizen science studies conducted in urban areas are,
therefore, likely to have more volunteer involvement and yield
higher return rates. For example, the greatest number of wildlife
sightings tend to be clustered within cities and large towns
(Spear et al., 2017).

Generally, urban areas are considered less than ideal for
wildlife (Murray et al., 2019; Ng et al., 2020; Wilk et al.,
2020; Jensen et al., 2021). Many studies have shown that urban
and suburban environments do not provide sufficient resources
for wildlife, they filter or hinder movement, and subsequently
lead to declines in species abundance and diversity recorded
across most taxa (Threlfall et al., 2012; Moretto and Francis,
2017; Palheta et al., 2020; Correa et al., 2021). Moreover, with
urban sprawl predicted to progressively continue, urbanization
is expected to have a greater impact on more species (Candido
et al., 2021). However, contrary to this ideology an increasing
number of studies have shown that urban areas can support
healthy stable wildlife populations (Goncalves et al., 2021; van
Helden et al., 2021; Liu and Slik, 2022). In particular, studies
have revealed that certain bat species can potentially thrive in
urban environments (Jara-Servin et al., 2017; Jung and Threlfall,
2018; Gili et al., 2020). For example, established roosting colonies
for Tadarida brasiliensis are now commonly found in cities
and urban settings throughout the southern United States and
Mexico, which has been attributed to a range expansion by
this species over the last two decades (Li and Wilkins, 2015;
Kasper and Yancey, 2018; McCracken et al., 2018). Moreover,
studies have shown that if managed effectively urban areas can
be improved to provide the resources necessary for diverse array
of species (Li and Wilkins, 2014; Threlfall et al., 2016). For
example, the presence of green roofs in urban neighborhoods

1www.inaturalist.org

can enhance bat activity by increasing prey availability and
providing foraging opportunities (Partridge et al., 2020). This in
turn can aid dispersal, increase local biodiversity, and suppress
or even reverse population declines (de Araujo and Bernard,
2016; Moretto et al., 2019). These improvements not only benefit
bats, but also environmental health and resource availability by
facilitating species that undertake essential ecosystem services
(Parkins and Clark, 2015). Bats, for example, provide much
needed pest control, pollination, and seed dispersal services
(Aguiar et al., 2021; Ramirez-Francel et al., 2022). Supporting bats
within urban environments can, therefore, benefit community
health and welfare.

For bat populations to thrive in an urban environment they
need a variety of resources to be available and readily accessible,
including roosting sites, foraging opportunities, access routes
(i.e., commuting corridors), mating opportunities, and water
sources (Altringham, 2011; Lim et al., 2021). Moreover, studies
have shown that in urban areas bats can use resources that do not
necessarily visually resemble traditional resources (defined here
as those preferential selected in more natural habitats) as long
as they provide similar conditions and/or functions (Neubaum,
2018; Bergeson et al., 2020). For example, in natural or semi-
natural environments, bats can typically roost in caves, trees, rock
faces and crevices, and gullies (Ammerman et al., 2012). Yet in
urban areas, bats can take advantage of anthropogenic structures,
such as culverts, bridges, buildings, mines, wine cellars, loft
spaces, and basements (Hoffmann et al., 2016; Jung and Threlfall,
2016; Kelly et al., 2016). Such resource selection is based on the
notion that animals rely on a set of innate and/or learned criteria
that dictate habitat quality and resource preference (Robertson
et al., 2018). For bats, these criteria can be visual, auditory, tactile,
olfactory, and/or electromagnetic cues (Tian et al., 2010; Bonsen
et al., 2015; Cabral et al., 2016; Boerma et al., 2019; McGowan
and Kloepper, 2020). Thus, if an anthropogenic structure or
feature meets the “search” criteria, bats (depending on species)
may utilize them. The use of such resources will also depend on
their abundance and distribution (Li and Wilkins, 2014; Moretto
et al., 2019). Urban areas, for example, can be improved for bats
by providing more water resources (Gili et al., 2020; O’Malley
et al., 2020; Thomas et al., 2021).

Typically, urban environments have a limited abundance
of natural water sources, with semi-natural water sources
representing more available alternatives (Ancillotto et al., 2019a),
such as drainage ditches and retention ponds (Hintze et al.,
2016; Ayala-Berdon et al., 2017; Nystrom and Bennett, 2019).
However, in areas with persistently high temperatures and limited
rainfall for long periods (such as summer months), these types
of water resources can be ephemeral and as such not readily
available to bats throughout their summer activity season (Hall
and Bennett, 2021). During these resource-limited periods, bats
may potentially move to areas with an available water supply or
seek water from more anthropogenic alternatives (Loumassine
et al., 2020). A recent study in a suburban neighborhood in
north central Texas revealed that bats would drink water from
residential swimming pools (Nystrom and Bennett, 2019). This
study also demonstrated that bats did not readily utilize this
alternative water source. Instead, they tended to drink at pools
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only when access to a more natural equivalent appeared to
be limited. These findings suggested that, despite swimming
pools being available throughout their activity season (March–
October), bats preferentially selected not to use them when
natural or semi-natural water sources were available. This posed
the question “can residential swimming pools be made more
bat-friendly for a wide range of bat species in an urban
environment?” To address this, we distributed a questionnaire
to residents with swimming pools in suburban neighborhoods
within the Dallas-Fort Worth Metroplex, Texas, United States.
This questionnaire focused on observations of bat activity,
pool features, and characteristics associated with the immediate
surrounding area. From this, we determined a set of features
and characteristics that would enable and encourage a diversity
of bat species to use residential swimming pools, along with
a set of features and characteristics that might hinder bats
from using such pools. Thus, by determining how we can
increase water resource availability for bats in urban areas, we
can make recommendations that potentially contribute to the
conservation of bats.

MATERIALS AND METHODS

Study Area
For our study, we targeted residents with swimming pools in
a suburban neighborhood in Fort Worth, TX, United States
(32◦41′04.69′′ N, 97◦22′28.33′′W). The neighborhood comprised
single-story ranch housing with 35 mph, two-lane, tarmacked
roads. Mature trees were found on the majority of properties,
as well as in tree-lined roads, including bur oaks (Quercus
macrocarpa), live oaks (Q. virginiana), American elms (Ulmus
americana), cedar elms (U. crassifolia), green ashes (Fraxinus
pennsylvanica), common hackberries (Celtis occidentalis), pecans
(Carya illinoinensis), and magnolia (Magnolia grandiflora;
FOFPA, 2014). In addition, the neighborhood was centered
around four interconnecting parks operated by the City of
Fort Worth Parks and Recreation Department. These parks
comprised 420 km2 of manicured grass bordering a tree-lined
drainage ditch with a similar tree composition to the surrounding
neighborhood. Along with a retention pond in the park system,
the drainage ditch represented a semi-natural source of water for
bats in the immediate area. Within a 2.5 km radius of the park
system (representing our study area and a distance equivalent
to the home range size of local bats, Hall and Bennett, 2021),
only a few other natural and semi-natural water sources were
available, including Willow Creek Lake, the Trinity River, and
no more than five ornamental ponds (Figure 1). Yet, this area
had >650 residential swimming pools that bats could potentially
utilize as a water resource (Nystrom and Bennett, 2019; Hall,
2020). Previous studies showed that both the drainage ditch
and an associated retention pond were ephemeral, more often
than not drying up over the summer months (June–August)
when temperatures regularly exceeded 30◦C and precipitation
rarely exceeded 70 mm per month (Nystrom and Bennett, 2019;
Hall, 2020). These studies further showed that bats from the
park system, including Lasiurus borealis, L. cinereus, Lasionycteris

noctivagans, Perimyotis subflavus, Nycticeius humeralis, and
Tadarida brasiliensis (Bienz, 2016), would access residential
swimming pools to drink in the surrounding neighborhood when
preferred water sources were not available to them.

Questionnaire
To determine which aspects of the residential swimming pools
encouraged bats to use them as a water source, we distributed
a questionnaire to residents with swimming pools within our
study area which included questions regarding observations of
bat activity and a description of their pools and the immediate
surrounding area (see Supplementary Material; Agpalo, 2021).
We predicted that the presence of bats in proximity to a
swimming pool may be due to (1) emergence from nearby roost
sites, (2) commuting, (3) foraging, and (4) drinking. Thus, we
separated observed bat activity into four groups; (1) no bats
were observed flying on the property, (2) bats were observed
flying on the property, (3) bats were observed flying above the
swimming pool, and (4) bats were observed drinking from the
pool (defined as a bat swooping down close to or touching the
surface of the water (Tuttle et al., 2006; McAlexander, 2013).
We also acknowledged that bat observations were dependent on
whether residents were present in their backyards from dusk
onward, so we included (5) residents did not go in the backyard
at or after dusk.

Based on available peer-reviewed literature, we then devised
a series of questions regarding swimming pool attributes that
could potentially influence bat activity at or near a pool. For
example, we included questions that referred to the size and
shape of the pool. We hypothesized smaller pools would have
less bat activity, as species with limited maneuverability (whether
it be due to wing morphology and/or larger body size) would
be restricted in their ability to access such pools (Hall et al.,
2016; Suarez-Rubio et al., 2018; Bailey et al., 2019; Moretto et al.,
2019). Similarly, the presence of borders or objects surrounding
(such as fencing, walls, or vegetation) or overhanging a pool
(such as ledges and diving boards) could limit the available area
in which bats maneuver as they approach the surface of the
water (Tuttle et al., 2006). Moreover, as we considered that bats
would preferentially select swimming pools with curved-edges
(i.e., circular, oval, and kidney shaped) that were fully recessed
in the ground, as they resembled natural sources, such as ponds
and lakes (Ayala-Berdon et al., 2017; Ancillotto et al., 2019a), we
included questions regarding pool shape.

Water quality has also been shown to impact resource use
in some instances (Li et al., 2015; Li and Kalcounis-Rueppell,
2018), so we included questions regarding pool features and
characteristics that could influence water quality. Firstly, as
residential swimming pools are chemically treated, we considered
that water quality and therefore use may have been influenced by
the type and frequency of treatment. For example, Nystrom and
Bennett (2019) revealed that while bats used both mineral- and
chlorine-treated residential swimming pools as a water source,
the rate of usage appeared to vary between these treatment
types. Moreover, while bats predominantly used echolocation to
identify resources, we proposed that the color and texture of a
pool might provide visual cues that bats could use, especially
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FIGURE 1 | All residents with swimming pools within a suburban neighborhood in Fort Worth, TX, United States (shown as a translucent green polygon and star on
the map of Texas) received a questionnaire between 2019 and 2020. Pink dotted outline shows total study area considered prior to the search and identification of
residents with swimming pools. Light blue polygons display natural and semi-natural water sources.

at dusk when many bats emerged from their roosts to drink
(Adams and Thibault, 2006). Thus, we anticipated that colors,
such as turquoise and blue, would have indicated favorable water
quality, while colors, such as greens, whites, and grays, may have
resembled water sources with vegetation cover and/or higher
suspended sediment (USGS, 2018). Similarly, studies have shown
that bats typically drink from clutter-free surfaces, avoiding water
sources with vegetation and exposed rocks (Ciechanowski et al.,
2007; Jackrel and Matlack, 2010). We, therefore, expected that
regular maintenance, such as cleaning and filtering of debris
(such as petals, leaves, pollen, and dust) from a swimming pool,
would keep the level of clutter to a minimum enabling bats to
drink from that pool. We also considered that other features,
such as fountains, connected hot tubs, and floaties (i.e., pool

inflatables, pool noodles, and other floating devices) would create
either ripples that disturb the surface of the water or create clutter,
both of which would potentially deter bats from drinking (Rydell
et al., 1999; Zsebok et al., 2013; Todd and Williamson, 2019).

There are also a number of features and activities that
could disturb bats from readily using a swimming pool as
a resource. For example, many studies have shown that the
presence of light (both from moon illumination and artificial
sources) influences bat activity (Rowse et al., 2016; Russo et al.,
2017, 2019a). Such light sensitivity is species-specific and thought
to be predominately associated with risk of predation (Frank
et al., 2019; Russo et al., 2019b). As five of our six local species
are considered to be light-sensitive (Haddock et al., 2019),
we hypothesized that any illumination at or near residential
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swimming pools would lower overall bat activity. Similarly,
anthropogenic activity in or near a swimming pool could deter
bats from drinking or flying in proximity to the pool (Ancillotto
et al., 2019b). We, therefore, generated a series of questions
that explored pool and backyard usage by owners and their
pets. We also assumed that as bats use ultrasonic echolocation
to forage, drink, and navigate in the dark, any high frequency
noises generated by mechanical equipment in proximity to the
swimming pools could disrupt or mask bat echolocation (Bonsen
et al., 2015; Moretto and Francis, 2017; Finch et al., 2020).
We, therefore, considered that filtration systems, pool vacuums,
sprinkler systems, and AC units operating in proximity to a
swimming pool when the bats were active could interfere with
their ability to successfully forage or drink at a swimming pool.

Accessibility to a swimming pool, whether it be associated
with the pool itself, the immediate vicinity, or the surrounding
area could also dictate bat activity at or near a pool (Threlfall
et al., 2012). Thus, we expected that the presence of netting and
pool covers would restrict access, while linear features, such as
a tree-lines, walls, and fences, would potentially offer protection
from aerial predators, enabling bats to more readily access a
pool (Straka et al., 2016; Avila-Flores et al., 2019). As previously
mentioned, maneuverability varies between bat species, which
in turn influences their ability to access specific habitats and
resources (Suarez-Rubio et al., 2018; Bailey et al., 2019; Moretto
et al., 2019). For instance, none of the species commonly found in
north central Texas are adapted to very cluttered environments
(Ammerman et al., 2012). They prefer, for example, to forage,
commute, and roost along forest edges and tree-lines. We would,
therefore, expect that the presence of uninterrupted tree-lines
from other areas across the neighborhood would increase access
to a particular property (Le Roux et al., 2018). However, we would
also expect bat abundance to be lower on residential properties
with higher levels of clutter due to dense canopy cover, tall shrubs,
or other structures, such as fences, walls, and buildings, in close
proximity to each other (Threlfall et al., 2011).

A total of 20 pool characteristics were identified (see Table 1
for full details) from which 80 questions were devised (see
Supplementary Material; Agpalo, 2021). To distribute the
questionnaire to residents, we used Qualtrics XM, online survey
software. We then circulated the link to Qualtrics among
five different social networking websites for neighborhoods
associated with our study area, including Nextdoor Networks
and Facebook pages. In addition, we distributed questionnaires
at six local community events from March to October 2019 and
further targeted residents with swimming pools in our study area
by mailing 645 questionnaires to them with a stamped addressed
return envelope from January to April 2020 (Agpalo, 2021).

After collating the Qualtrics and written questionnaire
responses (IRB #2021-233), we treated the characteristics of the
pools and surrounding area as our independent variables and the
bat activity observed as our dependent variables (see Table 1). We
identified a total of three categorical dependent variables. Each
of these was based on the type of bat activity observed, thus we
included responses in which (1) bats were observed (including
all observations of bats flying around the property and backyard,
above the swimming pool, and drinking at the pool), (2) bats were

observed above the swimming pool and drinking at the pool,
and (3) bats were observed drinking at the pool only. Note that
responses in which residents did not go outside near their pools at
or after dusk were excluded from the analysis as these potentially
represented false negatives (i.e., bats may have been active, but
were not observed). In addition, we conducted a preliminary
analysis of the data to assess whether the frequency at which
respondents were outside in proximity to their swimming pools
influenced their ability to observe bats effectively. For this, we
compared pool usage with each of our three dependent variables
and found a significant difference in bat activity with more
bats being observed with increasing usage (χ2 = 9.819, df = 4,
P = 0.044). As this pattern appeared to be autocorrelated (i.e.,
observed bat activity was contingent on frequency of pool use),
we opted to also remove all responses where residents were in
their backyards less frequently (>weekly intervals) and had not
observed bat activity.

Analysis
To determine which characteristics in combination influenced
bat activity at residential swimming pools, we conducted a series
of Classification and Regression Tree (CART) analyses using
Salford Predictive Modeler’s CART R© in Minitab (version 19,
State College, PA, United States). This statistical method uses
recursive partitioning to stratify the frequency of bat observations
(categorical dependent variables) under different combinations
of characteristics, such as a curved-edged, chlorine-treated pool
with lights on. In other words, CART explicitly identifies
which characteristics in combination potentially encourage
bat activity at pools and which do not. We opted to use
this method as it was able to handle complex and context
dependent multivariate data, had no distributional assumptions,
and effectively generated predictions that can be used to inform
management recommendations (Bennett et al., 2011). As all the
independent variables were defined as categorical predictors (see
Table 1), we generated three different classification trees, one
for each of the aforementioned categorical dependent variables.
After the trees were generated, we used the receiver operating
characteristic (ROC) curve and R-squared values to optimally
prune each tree and identify the important predictors of bat
activity (McCune et al., 2002).

RESULTS

Between 5 January 2019 and 3 July 2020, a total of 184
questionnaires were received, of which 109 were mail returns and
75 were Qualtrics responses. The mail returns alone represented
a 16.9% return rate. Of the 184 questionnaires, 8 respondents
indicated that they did not go outside near their pools at or
after dusk, 98 respondents indicated they had observed bats,
and 78 indicated that they had not observed bats. Of the latter,
63 respondents indicated that they infrequently went outside
near their pools (>week). A total of 113 questionnaires were,
therefore, considered in the following analysis, including 15
respondents that had indicated no bats were observed flying
around the property and backyard, 33 indicating that bats were
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TABLE 1 | Dependent and independent variables identified in the swimming pool questionnaire.

Bins or categories

Variables Characteristics 1 2 3 4 5

Dependent Bat observed in backyard NA
Did not go outside at

night/dusk

Y N

Bats observed flying over pool NA
Did not go outside at

night/dusk

Y N

Bats observed drinking at pool NA
Did not go outside at

night/dusk

Y N

Independent Surface area of swimming pool (m2) (SIZ) S
<50 m2

M
50–100 m2

L
<100–150 m2

XL
>150 m2

Bushes/shrubs and structures (<2 m) close
to or bordering pool (BSH)

Y N

Pool shape (SHP) STRT
Straight-edged

CURV
Curved-edged

CMBO
Combination of
straight- and

curved-edged

Pool type (TYP) INGD
In-ground/recessed

pool

SERE
Semi-recessed

pool

ABGD
Above ground pool

INFN
Infinity pool

Treatment type (TRE) CHL
Chlorine-treated

SALT
Salt-treated

MIN
Mineral-treated

BRO
Bromine

How often is pool treated (TRF) DAY
Pool is treated daily

<WK
Pool is treated
multiple times a

week

WK
Pool is treated weekly

<MTH
Pool is treated
multiple times a

month

MTH
Pool treated

monthly

Color of pool interior (COL) LGHT
Color of pool interior is
gray, light blue, tan, or

white

MED
Color of pool

interior is blue,
blue/gray, or

turquoise

DRK
Color of pool interior is
black, brown, or dark

blue

Pool interior texture (TEX) SMO
Pool interior is smooth

INT
Pool interior is

mixed

ROU
Pool interior is rough

How often is pool cleaned (CLF) DAY
Pool is cleaned daily

<WK
Pool is cleaned
multiple times a

week

WK
Pool is cleaned weekly

<MTH
Pool is cleaned
multiple times a

month

MTH
Pool cleaned

monthly

Connected hot tub/fountain/waterfall
feature present (FEA)

Y N

Are pool floaties left overnight (FLO) Y N

Pool lighting any type(s) (LIT) Y N

Pool usage between 7 pm and 6 am (USF) NVR
Pool not used

DAY
Pool is used daily

<WK
Pool is used multiple

times a week

WK
Pool is used weekly

<MTH
Pool is used

multiple times a
month

Pets in backyard between 7 pm and 6 am
(PET)

Y N

High frequency noises generated between
7 pm and 6 am (NOS)

Y N

Pool access to bats (# of months) (ACC) 10–12 7–9 4–6 1–3 0

Number of trees visible from the pool (TRN) 0 1–5 6–10 >11

Distance (m) of trees from pool (TRD) <5 5–10 >10

Distance of gap between tree canopies
(GAP)

>2
Not close >2 m apart

1–2
Close between 1

and 2 m

<1
Almost touching <1 m

0
Overlapping

canopy

Walled edge/cliff/fence present (WCF) Y N
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observed flying around the property and backyard, 36 that had
observed bats flying above the swimming pool, and 29 that
observed bats drinking at their pools. From an initial inspection
of the data, we removed a further three independent variables
prior to the analysis; (1) pool type, as all but one pool was in-
ground/recessed, (2) frequency of pool treatment, as this typically
occurred on a weekly basis at >90% of pools, and (3) pool access
to bats, as all pools were available from March to September
when bats are typically active in north central Texas (Hall and
Bennett, 2021). We also did not include categories with less
than five responses, which included extra-large pools from pool
size, as only two pools were within this size bracket; combined
from pool shapes, as only four were identified; and mineral and
bromide, as only three respondents implemented these types
of pool treatment.

Among swimming pools where bats were observed flying
around the property and backyard (i.e., at all pools with bat
activity recorded; n = 113), our CART analysis revealed that nine
of the 16 independent variables included in the analysis were
considered important predictors of bat activity (ROC = 0.85;
R-squared = 0.33; Figure 2). Five of these variables were
determined to influence bat activity, including the presence
of bush or shrub borders, pool lighting, pool interior texture
number of trees visible, and the presence of connected hot
tub, fountain, and/or waterfall. The presence of bush or shrub
borders in proximity to the pool edge was identified as the
main variable determining whether bats were observed flying
around the property and backyard, with less bats observed at
pools with borders. The mean number of observations then
decreased further at pools with intermediate and rough textured
interiors as opposed to smooth. At textured pools, even fewer
bats were observed when <6 trees were visible from the pool and
a connected hot tub, fountain, and/or waterfall was present. In
contrast, at pools without bush or shrub borders, more bats were
observed when the pool area was not lit or only sporadically lit.

Among swimming pools where bats were observed flying
over the swimming pool (i.e., at all pools where bats were
recorded flying over and drinking at the pools; n = 80), our
CART analysis revealed that all 16 independent variables were
considered important predictors of bat activity (ROC = 0.90;
R-squared = 0.45; Figure 3). Five of these variables were
determined to influence bat activity over the pool, including the
presence of bush or shrub borders, pool lighting, the presence
of pets, pool interior texture, and number of trees visible. The
presence of bush or shrub borders in proximity to the pool
edge was identified as the main variable dictating whether bats
were observed flying over the swimming pool, with less bats
observed at pools with borders. Observations decreased further
at swimming pools when pets were allowed outside at or after
dusk, the pools had intermediate and rough textured interiors
as opposed to smooth, and <6 trees visible from the pool. In
contrast, at pools without bush or shrub borders, more bats were
observed over the pool when the pool area was not lit or only
sporadically lit.

Among swimming pools where bats were observed drinking
at the pools (n = 44), our CART analysis revealed that 12 of the
16 independent variables were considered important predictors

of bat activity (ROC = 0.85; R-squared = 0.37; Figure 4). Four of
these variables were determined to influence bat drinking activity,
including the distance of trees from the pool, presence of bush
or shrub borders, pool interior texture, and the size of the pool.
The distance of trees from the pool was identified as the main
variable dictating whether bats were observed drinking from
the swimming pools, with more bats observed drinking where
trees were between 5 and 10 m from the edge of a pool. The
presence of bush or shrub borders in proximity to the pool edge
presence then decreased drinking activity further at pools 50 m2

or more in size with intermediate and rough textured interiors as
opposed to smooth.

DISCUSSION

Our citizen science-based study revealed that there are features
and characteristics of residential swimming pools that influence
bat activity. One predominant characteristic that discouraged
bats from actively flying in backyards, over pools, and drinking
at the pools (i.e., all three of our dependent variables) was
the presence of bushes, shrubs, and other structures close to
or bordering a pool. More specifically, the presence of such
borders reduced bat activity and supported our hypothesis that
they could prevent bats from effectively approaching swimming
pools to drink (i.e., reduced the amount of area available for
maneuvering). In other words, such structures are likely to
increase clutter and reduce the area that bats have to effectively
maneuver in order to drink from pools. As all seven species
known to be in our study area were not adapted to closed or
cluttered environments, it is not surprising that features that have
the potential to increase clutter and reduce the total area available,
discouraged bat activity at swimming pools (Jackrel and Matlack,
2010; Ammerman et al., 2012).

Another characteristic that influenced the presence of bats
on a property and over a swimming pool was lighting. From
the responses to the questionnaire, we found that when lights
were turned on bats avoided the area. This result supported
our hypothesis that the presence of lighting could negatively
affect bats. Moreover, six of the seven bat species known to
be in our study area were considered to be light sensitive and,
therefore, were likely to avoid areas with lights (Haddock et al.,
2019; Voigt et al., 2020). Such avoidance behavior among the
majority of species may have led to the decrease in the number
of bats observed at lit swimming pools. However, as L. borealis is
reportedly not sensitive to artificial lighting and even forages at
street lights (Mager and Nelson, 2001). It would be interesting to
determine whether the bats observed flying over and drinking at
swimming pools with lighting comprise this species or whether
any of the other local species can utilize lit pools.

We also found that the texture of the interior of the pool
was an important predictor of all three dependent variables.
More specifically, pools with textured surfaces (i.e., rough or
intermediate) had up to 73% less bat activity reported. Studies
have shown that smooth surfaces, including the surface of water,
can act as acoustic mirrors, enabling bats to echolocate more
effectively (Genzel et al., 2015). This is because smooth surfaces
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FIGURE 2 | Classification tree (A) predicting the swimming pool characteristics that influenced bat activity observed around the properties and backyards of
residents in a suburban neighborhood in Fort Worth, TX, United States. The variable predictors that create a split are labeled at each branch split. Below each node
values represent the percentage of responses in which bats were observed and number of positive responses along with the total number of responses considered
are given in bold. A bold solid green line shows the combination of independent variables that led to the most observations and a red dotted line shows the variables
resulting in the least observations. Relative variable importance chart (B) with relative importance defined as % improvement with respect to the top predictor. FEA,
connected hot tub/fountain/waterfall feature present; TEX, pool interior texture; TRN, number of trees visible from the pool; TRE, pool treatment; BSH,
bushes/shrubs and structures (<2 m) close to or bordering pool; LIT, pool lighting (LIT); SIZ, surface area of swimming pool m2; COL, color of pool interior; and
NOS, high frequency noises generated between 7 pm and 6 am.

can reflect and focus echoes more clearly to improve foraging and
drinking abilities (Siemers et al., 2005; Greif and Siemers, 2010;
Zsebok et al., 2013). In contrast, textured surfaces scatter sound,
essentially generating more noise, making it more challenging
to distinguish prey items and to drink. We acknowledge that
only a relatively small area of the interior is exposed (<0.25 m)
around the top edge of the pool, however, studies have shown
the echoes returning from the edges of water sources can create
background noise for echolocating bats when they are attempting
to drink (Greif and Siemers, 2010; Clare and Holderied, 2015).
It is, therefore, possible that textured edges generate more
background noise than smooth edges, hindering bats from
coming in and drinking at swimming pools.

The fourth feature we identified as a predictor in this study
was the number of trees visible from the swimming pool. It
was an important feature in both the presence of bats on a
property and the number of bats observed over the swimming
pool. More specifically, we found that bats observed on the
property decreased by ∼45% and no activity was recorded over
pools with least than five trees visible. These findings support
our hypothesis that connected tree-lines could provide bats with
covered access to the residential swimming pools. Moreover,
a number of studies have shown that contiguous trees and
linear features increase resource access and availability for bats
(Froidevaux et al., 2019; Moretto et al., 2019; Straka et al.,
2019; Gili et al., 2020). Such studies also support our results
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FIGURE 3 | Classification tree (A) predicting the swimming pool characteristics that influenced bat activity observed over the pools of residents in a suburban
neighborhood in Fort Worth, TX, United States. The variable predictors that create a split are labeled at each branch split. Below each node values represent the
percentage of responses in which bats were observed and number of positive responses along with the total number of responses considered are given in bold.
A bold solid green line shows the combination of independent variables that led to the most observations and a red dotted line shows the variables resulting in the
least observations. Relative variable importance chart (B) with relative importance defined as % improvement with respect to the top predictor. TEX, pool interior
texture; LIT, pool lighting; TRN, number of trees visible from the pool; PET, pets in backyard between 7 pm and 6 am; BSH, bushes/shrubs and structures (<2 m)
close to or bordering pool; FLO, are pool floaties left overnight; CLF, how often is pool cleaned; TRD, distance (m) of trees from pool; TRE, pool treatment; FEA,
connected hot tub/fountain/waterfall feature present; COL, color of pool interior; GAP, distance of gap between tree canopies; SIZ, surface area of swimming pool
m2; WCF, walled edge/cliff/fence present; SHP, pool shape; and NOS, high frequency noises generated between 7 pm and 6 am.

and highlight the importance of the landscape connectivity in
improving urban areas for bats.

A fifth characteristic of swimming pools that influenced the
number of bats observed was the presence of connected hot
tubs, fountains, and waterfalls. We found that these additional
swimming pool features reduced bat observations on the
property by ∼80%, but they were not identified as important
predictors of bat activity over the swimming pools or drinking.
We initially hypothesized that less bats would be active at pools
with such features, as the disturbance they caused to the water
surface could be challenging for echolocating bats and, therefore,
impede them when approaching swimming pool surfaces to

drink. Studies have shown that the bat species known to be
in the study area prefer still water sources, such as ponds and
lakes, as opposed to moving sources, such as rivers and streams
(Ammerman et al., 2012). However, disruptions to the water
surface should not necessarily cause bats to avoid the property.
It is more likely that the noise generated by these features could
have resulted in bats avoiding the area. As previously mentioned
with regards to mechanical equipment, echolocation can be
masked by high frequency sounds and the movement of water
trickling or dripping can potentially generate high frequency
noises that could hinder bats from echolocating effectively (Todd
and Williamson, 2019). If this is the case, then turning connected

Frontiers in Ecology and Evolution | www.frontiersin.org 9 May 2022 | Volume 10 | Article 860523

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-860523 May 16, 2022 Time: 16:18 # 10

Bennett and Agpalo Bat Swimming Pool Use

FIGURE 4 | Classification tree (A) predicting the swimming pool characteristics that influenced bats observed drinking at the pools of residents in a suburban
neighborhood in Fort Worth, TX, United States. The variable predictors that create a split are labeled at each branch split. Below each node values represent the
percentage of responses in which bats were observed and number of positive responses along with the total number of responses considered are given in bold.
A bold solid green line shows the combination of independent variables that led to the most observations and a red dotted line shows the variables resulting in the
least observations. Relative variable importance chart (B) with relative importance defined as% improvement with respect to the top predictor. TRD, distance (m) of
trees from pool; BSH, bushes/shrubs and structures (<2 m) close to or bordering pool; TEX, pool interior texture; TRN, number of trees visible from the pool; SIZ,
surface area of swimming pool m2; TRE, pool treatment; CLF, how often is pool cleaned; WCF, walled edge/cliff/fence present; FEA, connected hot
tub/fountain/waterfall feature present; LIT, pool lighting; and GAP, distance of gap between tree canopies.

hot tubs, fountains, and waterfalls off at dusk onward when
they are not in use could lead in an increase in bat activity on
a property, which in turn, could result in more bats drinking
from swimming pools.

In comparison, we found the presence of pets to be an
important predictor of bat activity over the swimming pools.
More specifically, >40% less bats were reported flying over pools
when pets were outside in backyards from dusk onward. This
result may be due to the presence of potential predators in the
vicinity of a pool being enough to dissuade bats from getting
closer to the pools (i.e., the perceived risk of predation) and is
supported by similar observations of avoidance behavior reported
in other studies (Lima and O’Keefe, 2013; Ancillotto et al., 2019b).

Finally, we identified two features that exclusively influenced
the number of bats that were observed drinking from the
surfaces of swimming pools. The first was the distance of
trees from pools and the second was pool size. The former
also represented the most important predictor of drinking
activity among bats, showing that when trees where too close
to the pool (<5 m) or too far away (>10 m), the amount of
drinking observed decreased by >40%. Given that most of the
local bat species in the area do not fly in closed or cluttered
environments, nor particularly open environments, but prefer
to fly along tree-lines and woodland edges, this result is not
surprising (Oprea et al., 2009; Moore and Best, 2018). Similarly,
the decrease in drinking activity we observed at swimming pools
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with surface areas of 50 m2 or more in size may be an artifact
of species-specific activity. N. humeralis are the most commonly
recorded species in the study area both acoustically and caught
in mist nets (Bienz, 2016; Nystrom and Bennett, 2019; Hall,
2020). We also know that this species exhibits a higher level
of maneuverability in comparison to other local species of the
same size (Bienz, 2016; Smith, 2019). For example, behavioral
observation studies conducted in a controlled environment
revealed that evening bats could drink effectively in more
confined areas because they approach the water surface at tighter
angles (i.e., a V-shape; Bienz, 2016). Thus, we speculate that the
high abundance of N. humeralis, along with their ability and
preference to drink water from sources with smaller surface areas,
resulted in pools 50 m2 or over having significantly less bats
reported drinking at them. Thus, while smaller swimming pools
may have N. humeralis actively drink at them, such pools are
unlikely to be accessible to a diversity of bat species. In contrast,
while pool treatment was identified as an important predictor
for bat activity, this characteristic did not overtly encourage or
discourage bats. A recent study by Laverty and Berger (2020)
support our findings suggesting bat activity is more correlated to
water surface area than water quality.

We acknowledge that other characteristics of residential
swimming pools, backyards, and surrounding areas, not
included in this study, could have encouraged bat activity.
The surrounding areas connectivity and canopy height, for
example, may have affected the accessibility and approachability
of swimming pools (Jackrel and Matlack, 2010; Bailey et al., 2019).
While distance from, number of, and quality of natural or semi-
natural water sources in the area could be driving the need for
bats to use residential swimming pools as a foraging and/or
drinking resource (Fern et al., 2018; Suarez-Rubio et al., 2018).
We, therefore, recommend further studies to explore how these
and other characteristics might influence bat activity, foraging,
and drinking at residential swimming pools.

Other caveats associated with our study that should be
acknowledged, include the limitations of citizen science, species
composition, and study location. Whenever data is collected
through citizen science there will always be concerns related
to the quality of that data. With our study, in particular, the
occurrence of false negatives (i.e., reports of bats not being
observed when they are present) could have had a substantial
influence on the results. These inaccurate responses could have
easily come about, because residents have never acknowledged
the presence of bats, do not recognize bats to be actively
flying in proximity to them, and/or do not know what a bat
or a bat in flight looks like. To accommodate these issues,
we addressed the potential for false negatives in our analysis
and subsequently discarded 63 of the 78 respondents (>80%)
that indicated that they had not observed bats. Thus, of the
133 questionnaires included in this study only 13% represented
negative responses. Further, as we have been raising bat awareness
in this neighborhood for 8 years, at the time of survey, through
outreach and community research involvement, we are confident
that all 15 remaining negative responses represent true negatives.

Another major consideration in any citizen science study is
the reduction of inaccurate responses. During the design of our

questionnaire, we had to be cognizant of devising questions that
limited “guesstimates” and uncertainty. For example, we could
not ask residents what height they observed bats flying. Nor
could be ask if bats were observed foraging or whether high
frequency noises were generated by any electrical equipment
near to their pools. Consequently, this resulted in many of
our questions referencing rather broad, somewhat arbitrary
categories. We acknowledge that this type of study does not
advance our ecological understanding of water resource use by
bats in urban areas, but it does (1) identify a number of avenues
for further research, (2) support studies that logistically could not
be conducted at the same scale (such as Nystrom and Bennett,
2019), and (3) revealed strategies, albeit broad, that the general
public could easily implement to improve their backyards for
bats. For example, “are lights on or off at or after dusk” represents
a clearly defined question that is unlikely to cause confusion
and lead to inaccurate responses. However, from an ecological
prospective, it does not consider the influence of various types of
illumination, light levels, or extent of illumination. By identifying
that bats are more likely to be observed on properties when
lights are turned off, our study revealed that lights on residential
properties have a negative influence on bats and indicated that
turning off lights could have an immediate positive effect on bat
activity. Beyond this, it supports the need for additional research
to determine the specific influence of lights on bats at residential
swimming pools and potentially other water sources. Similarly,
our study highlights that the influence of pets on bat activity
warrants further research.

Species composition and location are also factors that are
likely to be driving our results. Even within the bat community
included in this study, there were species-specific differences in
abundance, distribution, and ecology, which would have resulted
in the more dominant species, such as N. humeralis, influencing
our findings (Bienz, 2016; Nystrom and Bennett, 2019). Thus,
we recommend that equivalent studies are conducted in areas
with different bat communities to determine and identify the
features and characteristics of residential swimming pools that
influence bat activity among these communities. Similarly, we
acknowledge that as our study area represents a more affluent
neighborhood in the Dallas-Fort Worth Metroplex, this will have
had an impact on species composition (see Li et al., 2019).
However, as affluent neighborhoods have the majority of the
residential swimming pools, perhaps species composition in these
areas reflects the species (such as N. humeralis) that can utilize
residential swimming pools as a water resource and potentially
thrive in such areas as a result. One potential rationale may that
the specific resources required by other species does not include
residential swimming pools, thus determining their preferred
water resources requires more investigation.

Overall, our results demonstrate that urban and suburban
areas (green spaces and similar areas notwithstanding) can
provide a resource for bats. Yet access and potential availability
are dependent on the quality of those resources (i.e., the
characteristics of the swimming pool, backyard, and surrounding
area). In this study, we have highlighted some of these
characteristics, such as lighting, landscape connectivity, the
presence of bushes and shrubs bordering the swimming pool,
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interior texture, the presence of hot tubs, fountains and waterfalls,
and the presence of pets when bats are actively flying over the
pool at night. Furthermore, in areas similar to north central
Texas, which experience hot and dry conditions for long periods
of time, local bat communities could benefit from the presence
of swimming pools if they were accessible. Even bat populations
in urban areas with limited natural and semi-natural resources
in wetter cooler climates may need to utilize swimming pools as
a water resource.

CONCLUSION

There is the potential to make residential swimming pools more
bat-friendly. Specifically, our study highlighted that reducing
clutter, such as bushes and shrubs bordering swimming pools,
would increase accessibility to a pool. In addition, turning lights
off in the evening when the pools and backyards are not in
use could have an immediate positive impact on urban bat
populations. Reducing acoustic noise is also likely to encourage
bats to use swimming pools more regularly, thus, we recommend
turning off hot tubs, fountains, and waterfalls when not in use
and, if possible, consider converting textured pool interiors, or
at least the top edges of the pool, to smooth surfaces, such as
tiles. Similarly, residents can encourage bats to use swimming
pools by keeping pets inside after dusk. Finally, we recommend
that trees are preserved where possible. Trees not only represent
important roosting resources for bats, their connected canopies
allow bats to access resources, such as swimming pools and
foraging sites, throughout a neighborhood. Urban landscaping
is, therefore, an essential factor in promoting a healthy stable bat
community (Bailey et al., 2019). By implementing any or all of the
aforementioned recommendations, we may be able to enhance
the urban environment for bats (Parker et al., 2019) and alleviate
some of the negative implications of continued urbanization.
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