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ABSTRACT 

The availability of water sources drives animal occupation in habitats. Moreover, drought 
prone locations, such as California, cause a stronger distribution of organisms closer to 
the water sources, which may be more apparent in mobile animals. Bats are an important 
organism to understand species distribution as they are mobile with, usually, large ranges 
and depend on water sources just as any other organism. In this study, we set out to 
investigate if small water sources such as man-made cattle troughs would have an effect 
on overall bat activity, as well as differences in interspecific activity. We collected bat 
acoustic data at sites with and without water troughs. We found that there was no overall 
preference in bats between the two types of sites. But some specific groups of bats 
preferred the locations near the water trough while another group favored the locations 
away from the water source. These findings provide more of an understanding on niche 
partitioning as the group of bats who favor locations without a water source may be doing 
so to avoid interspecific competition. Overall, this study gives an insight into small-scale 
distribution and adaptation of bats around resource availability.  
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INTRODUCTION  

Availability of food and water resources 
drives animal foraging behavior and 
occupancy both spatially and temporally 
(Benton et al. 2003). Water is a driving and 
limiting factor for organisms when selecting 
an area to inhabit, influencing their 
distributions (Western 1975, Lynch and 
Ennis 1983). There is a diversity of 
invertebrates near water sources, which 
affect the diversity and spatial distribution of 
animals in higher trophic levels by luring 
them near the water (Picazo et al. 2010, 

Krauel and LeBuhn 2016). Consequently, 
mammals are likely to occupy areas with 
water sources because food is more readily 
available (Western 1975). In areas with 
limited water sources, the addition of 
artificial water sources was found to attract 
terrestrial mammals, bats, and birds, which 
further depicts the effect of water sources 
on organism distribution (Rich et al. 2019). 

Species diversity and distribution, which is 
governed by water availability, is at risk in 
places that are drought prone. Semi-arid 
Mediterranean regions experience seasonal 
drought, which is being exacerbated by 
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anthropogenic behaviors (Giorgi and 
Lionello 2008). The survival of wildlife in 
increasingly severe drought conditions 
depends on their ability to adjust to 
environments with limited water availability 
or move to places with sufficient resources. 
For example, some bird species exhibited 
lower occupancy rates in areas with drought 
conditions, with one species specifically 
expanding their range during drought 
conditions (Cady et al. 2019). Spatial 
variation in birds signifies their adaptive 
capacity to seek wetter areas in the advent 
of a drought. Mobile organisms have the 
greatest spatial distribution due to their 
ability to travel to regions where there are 
resources available (Amorim et al. 2018).  

Bats are an ideal study system for 
investigating spatial variation in water 
because they are mobile predators, with 
most having large ranges (Jones et al. 2009). 
Given their mobility, they can shift their 
habitats in response to environmental 
variables such as water and prey availability, 
or lack thereof (Prudhomme 2015). Some 
species have already begun shifting their 
ranges in response to the warming climate 
(Willis and Brigham 2003, Wu 2016). Bats' 
dependence on water exceeds the basic 
need of hydration. Water scarcity can lead to 
direct mortality of bats, but it can also limit 
their reproduction as water is important for 
lactation (Adams and Hayes 2008, O’Shea et 
al. 2016). Insectivorous bats also rely on 
water for food, with some species 
specializing in near-water foraging, or in 
eating water-emergent prey (Campbell et al. 
1996, Amorim et al. 2018, Cappelli et al. 
2021). 

While it is understood that bat activity is 
higher near larger sources as opposed to 
adjacent areas without water, there is little 
understanding as to the attractiveness of 

small water sources for bats (Sirami et al. 
2013). Additionally, cattle troughs have been 
shown to function as drinking sources for a 
variety of wildlife, including bats, but it is 
unclear as to whether small troughs will still 
attract bats for foraging (Taylor and Tuttle 
2007). California is predicted to experience a 
further increase in water scarcity as a result 
of anthropogenic behaviors such as dam 
building and general overconsumption of 
water resources in addition to climate 
change (Amorim et al. 2018, Cook et al. 
2018). Water troughs, which are abundant in 
places of agriculture, could potentially serve 
as refugia for bats in areas such as California 
where water is limited. 

In this study, we set out to determine if the 
presence of small water sources such as 
cattle troughs is correlated with higher bat 
activity. We expected to see an increase in 
overall bat activity at sites next to the water 
troughs, and we hypothesized that certain 
species would favor the water trough 
locations more than other species due to 
their differing natural histories. 

METHODS 

2.1 Study System 

The bat species at Sedgwick reserve are all 
insectivores with only one species, 
Antrozous pallidus, adding cactus nectar to 
their diet (“Bats by Region” n.d.). Besides 
diet, these species have a variety of natural 
histories (Table 1). Lasiurus cinereus, 
Tadarida brasiliensis, and Lasionycteris 
noctivagans all undertake winter migrations 
to southern or coastal locations. Some of the 
species roost in trees, others in caves or 
crevices, and few on cliff faces or overhangs. 
Myotis evotis prefers higher elevations, and 
while most species prefer coniferous or 



  
 

 

CEC Research | https://doi.org/10.21973/N3Z382   Fall 2021 Vol. 5 Issue 6 3/9 

deciduous forests, Myotis californicus are 
most common in scrubland. Some species 
prefer open, uncluttered habitats such as 
those above the forest canopy, others forage 
within the clutter of the forest or even along 
the ground (Best and Geluso 2003, Veilleux 
et al. 2009). Additionally, bats have different 
maneuverability that dictate which water 
sources are available for use. Myotis 
californicus is particularly agile, whereas 
larger bats such as Tadarida brasiliensis 
cannot drink out of troughs with less than 15 
m of open water (Taylor and Tuttle 2007). 

This research occurred from October 29 to 
November 3, 2021. In late fall, some bats 
began migrating to Southern, warmer 
locations (“Bats by Region” n.d.). California is 
currently experiencing drought, with 
Sedgwick Reserve experiencing extreme 
drought (Hartman and Riganti 2021). 
Drought conditions have implications for 
bats as their occupancy changes depending 
on water availability (Hagen and Sabo 2014, 
Smith et al. 2021). 

2.2 Study Sites 

We conducted our research at Sedgwick 
Reserve in Santa Barbara County’s Santa 
Ynez Valley, California (34o43’N, 120o1’W). 
The primary habitats of Sedgwick Reserve 
include oak savanna, oak woodland, and 
coastal sage scrub. Both the oak woodland 
and savannah are dominated by both native 
and non-native grasses and contain blue 
oaks and coast live oaks. The reserve 
features Figueroa Creek, which is dry by late 
fall. These habitats consist of flat, open 
spaces and hilly terrain with plentiful cliff 
faces and tree hollows for bat roosting.  

To explore the patterns of bat activity near 
and away from water sources, we used 
Google Earth Pro and chose 3 sites located 

with water sources at the Sedgwick Reserve. 
The water sources were cattle troughs 
approximately 2 m x 3 m in size. For each 
water source site, we selected another site 
of similar habitat, at least 500m away from 
water sources, to serve as a paired control 
for measuring the effects of the water 
sources on bat activity (Fig. 1). 

 

Figure 1. Map of the site locations at Sedgwick 
Reserve. There are 6 total sites, with 3 pairs at and 3 
pairs at away from water sites. The green pins, or at 
water sites, hosted a water trough 3.5 m x 2 m in size. 
The blue pins, or away from water sites, were 500 m 
away from the on water sites for the Windmill Eastern 
Trough and Rattlesnake Trough. The Goldfinch 
Trough was 1000 m away from its corresponding 
away from the water site. Each site was sampled for 
bat activity using the Echo Meter 2, manufactured by 
Wildlife Acoustics, for one night each from October 
29 to November 3. 

2.3 Data Collection  

We collected data using the Echo Meter 
Touch 2 by Wildlife Acoustics, which is a 
hardware device that connects to a mobile 
device. It records vocalizations of bats while 
the associated mobile application identifies 
the species based on the vocalization. The 
application allows the user to hear the 
acoustic data, and to visualize the 
spectrogram, frequency, attenuation of the 
vocalizations, and duration of each call. Data 
collection started every day at 18:00 and 
ended at 23:00. Bat calls were grouped into 
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Table 1: Bats were grouped according to the similarity in their acoustics as advised by the USGS North American 
Bat Monitoring Program (NAbat).  

Group Species Scientific 
Name Common Name Migratory? 

Water-
dependent 

prey? 

Long- or Short-
range 

Forager? 

CINBRANO 

Lasiurus cinereus Hoary bat Yes No Short 

Tadarida brasiliensis Mexican free-tailed 
bat 

Yes No Long 

Lasionycteris 
noctivagans Silver-haired bat No No Short 

PALFUS 
Antrozous pallidus Pallid bat No No Short 

Eptesicus fuscus Big brown bat Yes No Long 

CAYUVO 

Myotis californicus California myotis No No Short 

Myotis yumanensis Yuma myotis No Yes Short 

Myotis evotis Long-eared myotis No No Short 

OTHER 

Nyctinomops 
macrotis Big free-tailed bat No No Long 

Corynorhinus 
townsendii 

Townsend's big-
eared bat No No Long 

Lasiurus blossevillii Western red bat Yes No Short 

Parastrellus hasperus Canyon bat No Yes Short 

Eumops perotis Greater bonneted 
bat No Yes Long 

Euderma maculatum Spotted bat No No Long 

 
Notes: Bats observed only a few (1–4) times were placed in the OTHER group. The calls of certain bats are similar in 
frequency, attenuation, and duration which makes them indistinguishable except to experts. Additionally, the Echo 
Meter 2 is limited in its ability to confidently identify a single species, so two species were suggested as possible IDs 
for each call. 
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early, mid, and late time intervals to increase 
the sample size. The early interval lasted 
from 18:00 to 19:30, and the mid and late 
intervals lasted from 19:31-21:00 and 21:01-
23:00, respectively.  

To record the bat vocalizations, we set the 
mobile device plugged with the Echo Meter 
Touch 2 device approximately 30 m away 
from the water source. The device is 
positioned to point at the sky directly above 
the water source. We waited approximately 
100 m away from where the recording 
device is set; minimizing the effect of 
observer presence on the study site. We 
checked on the device once an hour to 
ensure the Echo Meter was still recording. 

Each recording was individually verified by 
referencing echolocation characteristics of 
California bats, and by comparing 
spectrograms to bat observations on 
iNaturalist (Szewczak 2018, “Observations” 
n.d.). For the iNaturalist archives, we only 
used those observations designated as 
“research grade”. Since the Echo Meter 
touch 2 is limited in its bat identification, 
bats were grouped according to the 
similarity of their calls (Reichert et al. 2018, 
“Bats by Region” n.d.). 

2.4 Statistical Analysis  

All statistical tests were performed in JMP 
statistical software v16. We used a paired T-
test to determine the difference in number 
of bat calls between sites near and far from 
water sources. We also used a chi-squared 
test to determine the difference in 
preference for water trough locations 
between bat groups.  

RESULTS 

We recorded a total of 193 bat calls, and 
potentially observed 14 different species. 
We found that, for bats at Sedgwick Reserve, 
there is no difference in activity between 
sites near and far from water troughs (n = 9, 
T = 0.50 p = 0.63; Fig. 2). We found that 
CAYUVO, PALFUS, and OTHER prefer sites 
with water troughs while CINBRANO prefers 
sites without water troughs (n = 8,	𝛸! = 51.4, 
p < 0.0001; Fig. 3.). 

 

Figure 2. Comparison between the mean number of 
bat calls over the six sampling days at and away from 
water sources at three different time intervals. 
There was no difference in bat activity between the 
sites (n = 9, T = 0.50 p = 0.63). The time intervals were 
between 18:00–19:29, 19:30–20:59, and 21:00–
22:59, respectively. Sites near water were located at 
water troughs, whereas sites away from water were 
located 500 m away from the trough site and any 
nearby water sources, when applicable. Bat calls were 
recorded using the Echo Meter Touch 2, 
manufactured by Wildlife Acoustics, and quantified 
after verification of each echo meter bat ID. Bat calls 
were recorded from October 29 to November 3, 
2021. The vertical lines are ±1 error bars.  
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Figure 3. The difference in preference for water 
presence between bat groups as a stacked bar graph 
showing the proportions of bat calls from each bat 
group at and away from water sources. CAYUVO, 
PALFUS, and OTHER prefer sites with water troughs 
while CINBRANO prefers sites without water sources 
(n = 8, x^2 = 51.4, p < 0.0001). The calls are presented 
as percentages of the two types of sites so variability 
of calls has no effect. Sites near water were located at 
water troughs, whereas sites away from water were 
located 500m away from the trough site, and any 
nearby water sources, when applicable. Bat calls were 
recorded using the Echo Meter Touch 2, 
manufactured by Wildlife Acoustics, and quantified 
after verification of each Echo Meter bat ID. The bat 
calls were recorded from October 29 to November 3, 
2021. 

DISCUSSION 

Given our results, we cannot reject our 
hypothesis that bats will prefer locations 
near small water sources as opposed to sites 
without water sources. While the bats in our 
study did not prefer small water sources 
when analyzed as a whole, there was 
preference for water sources when bats 
were broken up into groups based upon 
acoustic similarity. As for the lack of 
encompassing bat preference, a possible 
explanation is that the troughs might not be 
an ideal water source for all bats because 
they are too small for some bats to drink 
from. Bats fly over water sources and scoop 
water into their mouths; thus, a source must 
be large enough to encompass a bat’s 

wingspan and allow for overhead gliding 
(Water for Wildlife). Some bat species, such 
as T. brasiliensis in group CINBRANO, require 
open stretches of rivers or tanks up to 15-30 
meters long to drink (Taylor and Tuttle 
2007). Additionally, not all bats have the 
same foraging strategies that create a 
preference for near-water foraging locations 
(Table 1).  

As seen in our results the PALFUS, 
CAYUVO, and OTHER groups preferred the 
water sources. This finding supports our 
hypothesis that certain species of bats will 
be more active at the water sources. Blakey 
(2018) found that bats in general are much 
more active in wet areas compared to the 
surrounding dry areas, especially in arid and 
semi-arid regions. Although our results on 
overall bat activity does not concur with 
Blakey’s study, it showed significant 
differences in preference for water between 
the bat groups. Blakey (2018) discussed that 
a species-level study would be important to 
view their preference for water sources, 
suggesting that our results fill this 
knowledge gap on species-specific 
preference. Our results show that the 
species-specific preference may outweigh 
resource-driven distribution of bats as a 
whole. Sedgwick is located in a dry region, 
and there are less insects this time of year, 
which encourages bat dependency upon 
water troughs for both of these resources 
(Amorim et al. 2018, Rojo Cruz et al. 2019). 

The only group that did not show a 
preference for water trough locations, 
CINBRANO, is made up of Lasiurus cinereus, 
Tadarida brasiliansis, and Lasionycteris 
noctivagans. In fact, this group showed a 
preference for locations away from water. 
This makes sense because these bats are 
high-flying foragers that do not eat water-
dependent prey, lessening their dependence 
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on water. Spatial partitioning could explain 
their specific preference for locations 
without water sources, given that the other 
bat groups prefer to forage at locations with 
water. Different species often dominate 
different habitats, which limits their 
competition between the other species and 
promotes coexistence (Cardinale 2011). 

Small water troughs show potential in 
functioning as refugia for bat foraging, and 
our study presents ideas that beckon further 
investigation. Future studies should 
investigate bat utilization of small water 
troughs at a larger spatio-temporal scale. 
Insect and water abundance are seasonal, 
especially in Mediterranean regions (Giorgi 
and Lionello 2008, Amorim et al. 2018, Rojo 
Cruz et al. 2019). It is highly likely, then, that 
the extent of bat dependency upon water 
troughs is also seasonal. Further considering 
Blakey’s study (2018), dependence upon 
water troughs would likely vary between 
habitats with varying water abundance. 
Mediterranean habitats vary substantially, 
and one study done in a particularly dry 
region during a dry season is limited to that 
context (Ochoa-Hueso et al. 2011). We 
would expect that wetter habitats, whether 
from season or location, would host bats 
that show less dependence upon water 
troughs. Additionally, when studying bats in 
general, an important consideration is 
whether or not acoustic monitoring is an 
appropriate proxy for overall bat activity 
given the limitations of acoustic bat 
identification (“User Guides” n.d.). While 
acoustic monitoring is an option that 
requires less resources, mist netting offers a 
more tangible measure as to how many bats 
are in a given area (Law and Blakey 2021). 
Acoustic monitoring provides only a rough 
estimate of distributions, as individual bats 
may make more noise than others. This 

study has suggested that small water 
troughs can function as refugia for bats, but 
further investigation is necessary. Studies 
such as this are important for assessing 
species risk in a changing climate, as well as 
the effectiveness of small-scale solutions, 
such as installation of artificial water 
sources, for the benefit of wildlife. 
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