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Introduction

Although conservation strategies have not typically included agricultural areas,
applying ecological management to agricultural systems may provide conservation
benefits. Nearly 40% of earth’s terrestrial surface is dedicated to agricultural use
(FAOSTAT, 2011), in which diverse native ecosystems have been replaced with a limited
number of cultivated species of plants and animals. With the intensification of agriculture,
the management of these simplified ecosystems requires more resources and includes
application of agrochemicals, including pesticides and fertilizers, as well as removal of onfarm wild vegetation (Tscharntke et al., 2005). This structural and ecological simplification
has resulted in habitat destruction and fragmentation, producing devastating effects on
local as well as global biodiversity and ecosystem function (Kopali, 2013; Tscharntke et al.,
2005). Likely because of the devastating effects of agriculture for biodiversity, conservation
action has traditionally focused on areas of unaltered natural habitat. However, with
continued ecological study and recognition of the potential increase in agricultural
intensification in response to human population growth, land management practices in
agricultural areas are increasingly acknowledged as important for maintaining biodiversity
and habitat connectivity (Tscharntke et al., 2005). Agricultural areas that are managed with
ecological knowledge in mind can be called agroecosystems (Gliessman, 1998). Those
agroecosystems that form part of landscape matrices with both agriculture and patches of
natural habitat can provide refuges for biodiversity and can serve as important
4

thoroughfares for dispersal, a process crucial to avoiding extinction of local populations
(Vandermeer & Perfecto, 2007).
Bats are important organisms in agricultural landscapes and show broad,
community-level responses to human habitat management. Bats are voracious predators of
insects and contribute to biological control of many significant agricultural pests (Kunz et
al., 2011; Maas et al., 2013; McCracken et al., 2012). High quality agricultural matrix areas
serve a critical function for bats by providing alternative habitat and a dispersal corridor
for connecting habitat fragments (Williams-Guillén & Perfecto, 2009). Although they are
highly mobile predators, bats are sensitive to agricultural intensification at both local,
farm-level as well as landscape scales (Frey-Ehrenbold et al., 2013; Wickramasinghe et al.,
2003). Increased intensification results in an array of negative effects on bat species
diversity, richness, or abundance (Williams-Guillén et al., 2016). These anthropogenic
changes in habitat structure in agroecosystems result in a change in bat community species
composition across landscapes (Williams-Guillén & Perfecto, 2009).
Agricultural intensification, a strategy to increase crop production and revenue,
occurs at both the local, farm-scale and at the landscape scale. At the farm scale,
intensification includes increased reliance on agrochemicals (pesticides, fertilizers) and
mechanical input, as well as removal of on-farm wild, or natural vegetation (Tscharntke et
al., 2005). At the landscape scale, agricultural intensification results in homogenized
landscapes with little natural vegetation, reduction in biodiversity, as well as pollution and
eutrophication of water bodies and groundwater (Altieri et al., 2010; Matson et al., 1997;
Tscharntke et al., 2005). Agricultural intensification practices, such as increased pesticide
use and loss of plant diversity (Matson et. al, 1997) result in decreased foraging and habitat
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quality for bats due to a reduction in the abundance of insect prey items that are an
important resource for bat populations (Wickramasinghe et al., 2003). Habitat quality is
negatively affected by reduced water quality due to agrochemical contamination, runoff
and sedimentation, as well as reduced structural vegetation important for flyways and
matrix permeability (Wickramasinghe et al., 2004; Wickramasinghe et al. 2003; WilliamsGuillén & Perfecto, 2009). Furthermore, bats are vulnerable to pesticide use via direct
consumption of contaminated prey items as well as through biomagnification (Bayat et al.,
2014). Bat populations are under pressure from a myriad of threats, including white nose
syndrome and wind energy fatalities (Kannan et al., 2010; Kunz et al., 2007) and
conservation of habitat quality within agroecosystems is critical for perseverance of an
abundant and diverse community of bat species (Williams-Guillén & Perfecto, 2011).
Because of differences in bat species adaptations and foraging strategies, forestdwelling and open-area bats may respond differently to landscape and local changes.
Forest species, adapted to foraging within vegetation or along forest edge, are dependent
on forest habitat for foraging as well as roosting sites and will avoid directly crossing open
fields, using linear vegetation such as hedgerows as flight paths when possible (Henderson
& Broders, 2008). Although open-area bat species may benefit from the open fields
characteristic of monocropped annual vegetable production, these species still experience
a loss of insect prey items and are nonetheless dependent on trees and other large
vegetative structures for roosts (Williams-Guillén & Perfecto, 2011). The decrease in
matrix quality and the loss of trees and other vegetative structures resulting from
agricultural intensification may result in a change in the community composition of bat
species (Williams-Guillén & Perfecto, 2011) as species which are adapted to flight in
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cluttered vegetation are less likely to cross open fields characteristic of intensively
managed farms (Frey-Ehrenbold et al., 2013; Henderson & Broders, 2008; Williams-Guillén
& Perfecto, 2009). The presence of trees and other diverse vegetation structures is
important for bats in otherwise sparsely wooded landscapes (Fuentes-Montemayor et al.,
2013), making the residual vegetation that endures through agricultural development
especially important for these species. Due to the potential for widespread adoption of
intensified agricultural practices, increased homogenization of the agricultural landscape
may lead to a decline in habitat quality and permeability for forest-dwelling bat species in
agricultural areas and impending population declines of these sensitive species.
Forest-dwelling and open-area bat species differ in evolutionary adaptations to
their environment and foraging strategies in terms of wing morphology and echolocation
call characteristics (Norberg & Rayner, 2008), and may therefore respond differently to the
loss of structural vegetation that characterizes agricultural intensification (Safi & Kerth,
2004; Williams-Guillén & Perfecto, 2011). Forest-dwelling insectivorous bat species are
relatively small and have low wing loading (low body mass to wing length ratio) and low
wing aspect ratio (short, wide wings) to allow for slow flight and high maneuverability in
cluttered habitats. These species typically employ broadband high frequency calls for slow
aerial hawking foraging using a variety of short and long, steep and shallow calls for shortrange prey detection among clutter (Norberg & Rayner, 2008). Due to the dependence of
short-range echolocators on structural vegetation for navigation, these species are more
vulnerable to extinction pressures due to habitat destruction and fragmentation (Jones et
al., 2003; Safi & Kerth, 2004). In contrast, open-area species are relatively larger and have
evolved for faster, longer-distance flights. Open-area species utilize fast aerial hawking,
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capturing aerial insect prey in open areas using long duration narrowband (low frequency)
echolocation calls that are efficient for fast-flying bats to detect prey from long distances
but are insufficient for receiving detailed habitat structural information or for foraging in
clutter. Open-area species tend to have high wing loading (high body mass to wing length
ratio) and high wing aspect ratio (long, narrow wings), which makes them proficiently fast
long-distance fliers but limits their maneuverability in cluttered landscapes (Norberg &
Rayner, 2008). Thus open-area species more flexibly exploit open agricultural fields and
are less vulnerable to habitat fragmentation (Jones et al., 2003; Safi & Kerth, 2004).
Management decisions made at the farm level have potential to affect landscape
matrix quality and permeability for bats (Williams-Guillén et al., 2016). Due to the
importance of agricultural areas for habitat and dispersal, conservation of agricultural
matrix quality is critical for the perseverance of functional populations of many species and
general biodiversity (Tscharntke et al., 2005; Vandermeer & Perfecto, 2007; WilliamsGuillén et al., 2016). In this study I examine the local, farm-scale and landscape-scale effects
of agricultural intensification on bat community composition and turnover across sites
under different management practices. I will compare bats in landscapes within the Central
Coast Region (CCR) of California that differ in terms of agrochemical input and crop
diversity, as well as amount of semi-natural vegetation in the surrounding landscape
(1.5km radius). Based on what we know about bats in agricultural landscapes, generally, I
expect that natural areas and low input, highly diversified farms will have higher bat
diversity and abundance than intensively managed farms. This is due to greater crop and
non-crop vegetative diversity and reduced agrochemical inputs that will allow the
vegetative habitat and prey forage resources needed to support a diverse community of
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insectivorous bat species (Andow, 1991; Wickramasinghe et al., 2004; Wickramasinghe et
al., 2003). I hypothesize that bat communities will differ significantly between high- and
low- intensity farms and naturally vegetated areas. I expect to find greatest species
richness and evenness in the natural areas and low-intensity farms with fewer species and
greater unevenness in high-intensity farms. In addition, I expect to see a decrease in the
abundance and diversity of high-frequency forest dwelling bat species with an increase in
agricultural management intensity.
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Methods

Study Sites
I conducted this study between June and September 2014, in the Central Coast
Region of California. The Central Coast Region (CCR) of California is an area of mild
Mediterranean climate and fertile soils, which contribute to both a high level of biodiversity
and agricultural productivity. The cost of leasing land in the CCR is more than triple the
average price in California (USDA NASS, 2012), which promotes the use of intensified
agricultural management practices and year-round cropping in order to increase
productivity and revenue. Due to strict food safety regulations in response to a large
outbreak of Escherichia coli O157:H7 linked to spinach grown in the CCR in 2006, many
farmers removed wild vegetation adjacent to fields and natural riparian habitat because of
their perceived risk, with profound unintended ecological impacts (Karp et al., 2015).
I worked in sites in Santa Cruz, Santa Clara, San Benito and Monterey counties in a
60 km (N-S) by 70 km (E-W) region in a mosaic of wetlands, chaparral, oak woodlands, and
coastal prairies. This region is composed of a matrix of natural areas, water bodies, and
agricultural fields that are managed at varying levels of intensity on a gradient from
simplified annual vegetable production to complex diversified perennial landscapes. The
area receives an average annual rainfall of 532.4 mm. The CCR experiences warm dry
summers and cool wet winters characteristic of a mild Mediterranean climate; most
precipitation falls from November through March (NOAA, 2016).
10

In order to examine the effects of landscape and farm-level management practices
on bat communities, I selected a total of 54 sampling sites. Sites were selected in clusters
that included one high-intensity farm, one low-intensity farm and one natural area within a
1.5 km radius. Habitats were categorized as high-intensity farms, low-intensity farms or
natural areas based on frequency of use of pesticides, abundance and diversity of
vegetation, and whether or not sites were managed farms or natural, wild vegetation areas.
High intensity farms represented simplified landscapes with conventionally farmed,
monocropped, annual vegetable production, with high agrochemical and mechanical input,
and few structural landscape elements such as trees. Low intensity farms were more
complex with increased vegetative diversity, persistence of on-farm natural vegetation, and
less agrochemical inputs consistent with organic farming practices. Natural areas included
riparian corridors on and between farms, county and state parks, and natural reserves.

Acoustic Monitoring
I recorded bat calls using ultrasonic detectors (Songmeter SM2BAT, Wildlife
Acoustics, Concord, MA), which recorded from civil sunset to sunrise for a minimum of 6
nights at each sampling site to account for high variability of bat activity (Kunz & Parsons,
2009). I assembled three detectors within each 3-site cluster, with one detector in each
habitat type simultaneously monitoring bat activity in a natural area, at a low-intensity
farm and a high-intensity farm. I set up each detector on a 2 m tall post at each field site
with an ultrasonic microphone and programmed the detector to record from civil sunset to
sunrise using the field site’s latitude, longitude and time zone to set the site’s location.
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I processed recordings using Sonobat software (Sonobat version 3.1, Sonobat,
Arcata, CA. Copyright 2012) to identify bat calls to species. I quantified the relative activity
of each bat species based on 5-second call intervals per species per night. Due to
intraspecific variations in echolocation calls as well as interspecific convergences in call
design, reliable identification using acoustic monitoring has limitations (Russo & Voigt,
2016). The Sonobat program, like all acoustic detection technology available today, is
restricted in its ability to distinguish bat calls to species with absolute confidence (Sonobat
3Auto-Classification Notes and Warnings). To improve the quantity of identified calls as
well as confidence in identification, I manually verified all recorded bat calls. Because my
study is focused on the change in community composition I was able to accept
identification of calls to guild or group of species if identification to species proved
impossible.

Manual Identification
I identified bat calls based on the general recommendations outlined by the
Humboldt State University Bat Lab (Humboldt State University Bat Lab, 2011). I identified
calls based on certain call characteristics, including the following: characteristic frequency,
or the frequency (in kHz) of the call at its lowest slope or lowest consistent frequency;
highest apparent frequency; the duration or length of the calls, as well as taking into
consideration the presence and shape of call inflections, the slopes of the calls at the onset
and after the knee (inflection) of the call, and the “power” or amplitudinal energy of the
call. I compared recorded bat calls to reference calls of bats from the western United States
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(Sonobat, 2009), comparing my recoded calls to the documented repertoires of species
known to inhabit the area (W. Frick, personal communication).
I classified calls that were not manually identifiable to species into one of three
categories based on the call’s characteristic frequency. The differences in species
characteristic frequencies allowed me to identify the habitat type exploited by individual
species and provided the opportunity to subset species into guilds based on echolocation
range, similar to the methods employed in previous studies (Frey-Ehrenbold et al., 2013). I
grouped species based on their echolocation call design and characteristic frequency into
three foraging guilds: short-range echolocators (SRE), mid-range echolocators (MRE) and
long-range echolocators (LRE).
I classified species in the SRE guild as species with calls with characteristic
frequencies of >45 kHz. High-frequency species use short-range echolocation in order to
utilize highly cluttered forest habitat. Forest-dwelling bats found in the CCR that are SRE
include Myotis yumanensis, and M. californicus. Species in the long-range echolocator (LRE)
guild have call characteristic frequencies <30 kHz, which experience less environmental
attenuation and are therefore utilized in more open landscapes by open-area bats. Species
found in the CCR from this guild include Tadarida brasiliensis, Lasiurus cinereus, Eptesicus
fuscus, and Lasionycteris noctivagas, Corynorhinus townsendii, and occasional visits from
Antrozous pallidus. Species that fell in between these two categories were designated as
mid-range echolocators (MRE) and in the CCR include Lasiurus blossevillii, Myotis volans,
Myotis ciliolabrum and Myotis evotis. I also included Myotis thysanodes in the MRE category
even though this species uses calls with a lower characteristic frequency (~24.5 kHz;
Humboldt University Bat Lab, 2011) because this species is known to inhabit forested areas

13

(Arroyo-Cabrales & de Grammont, 2008). MRE species are dependent on forest habitat
along with the SRE guild, but can also utilize lower-frequency calls to forage and commute
in more open habitat.

Data Analysis
To assess differences in activity levels of individual bat species between natural
areas, low-intensity farms and high-intensity farms, I calculated the mean passes per night
per species for each management type. For this calculation I excluded calls that were only
identifiable to foraging guild, and used only calls that were identifiable to species. To obtain
a more complete picture of overall bat activity including calls only identifiable to foraging
guild, I also calculated total bat activity as mean total passes per night for each
management type using all recorded calls.
To examine the overall differences in species composition between management
types, I generated rank abundance curves comparing the abundance of individual species
recorded at natural sites to the abundance of those species at farmed sites. To include calls
that were only identifiable to foraging guild, I also created a bar graph representing the
relative proportion of calls recorded from each foraging guild in each habitat type.
In order to visualize the differences in bat community composition across
management types including calls that were only identifiable to foraging guild, I used nonmetric multidimensional scaling (NMDS) to create a visual representation of the differences
in bat community structure between and among sampling sites from each management
type using PAST Software, version 3.12 (Hammer, 2001). Then, to test for significant
differences in species composition between land management types, I used a one-way
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analysis of similarity (ANOSIM) test using the Sørensen similarity index. This index
quantifies species similarity between treatments as a turnover process, by measuring
changes in the composition of individual species between natural areas, low-intensity
farms, and high-intensity farms. ANOSIM tests were performed using the vegdist library in
the R software, version 3.0.2 (R Development Core Team, 2013). For the Sørensen index
calculations, I included all calls that were identifiable to species as well as those that were
identifiable only to foraging guild.
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Results

I recorded a total of 36,103 bat calls over 114 sampling nights, of which 14,978 calls
(41.5%) were identifiable to species. I classified the remaining 21,125 calls (58.5%) into
guilds (SRE, MRE, LRE) based on echolocation call design and characteristic frequency.

Bat activity across management types
There was a significant difference in total bat activity between natural areas and
farms, but no significant difference in activity between the two types of agricultural areas
(Fig. 1). The number of calls identifiable to species that were recorded per night in natural
areas (236.25 ± 79.64) was five times higher than the number of calls recorded per night at
low-intensity farms (45.26 ± 7.95) and nearly 6 times higher than at high-intensity farms
(39.56 ± 10.27) (Table 1).

Bat species composition across management types
Species composition as assessed by Sørensen’s index differed significantly between
natural areas, low-intensity farms and high-intensity farms (r = 0.27, P = 0.001) as well as
when comparing natural areas to all farms combined (r = 0.495, P = 0.001). However, when
comparing species composition between farm types (low-intensity vs. high-intensity) the
community composition did not have a statistically significant difference (r = -0.029, P =
0.881). The number of species identified in natural areas and high-intensity farms was the
16

same (9 species), although the species composition was different (Table 1). For example,
Myotis thysanodes were recorded relatively frequently in natural areas (30 passes) but
were absent from the conventional farm sites, whereas Corynorhinus townsendii were
recorded at both low- and high-intensity farm sites (7 passes) and not in natural areas.
Low-intensity farm sites had the highest species richness, with 12 total species recorded
including Antrozous pallidus (6 passes), Myotis volans (2 passes), and Myotis ciliolabrum (1
pass), all of which were not recorded in either natural areas or high-intensity farms (Table
1). Although species richness at farm sites was equal to or greater than in the natural areas,
species evenness was shown to be far greater in the natural areas (Fig. 2), with a marked
loss of the most abundant forest-dwelling species, Myotis yumanensis, under both farm
management types, and significant declines in other species prominent in the natural areas
(i.e. Myotis californicus, Eptesicus fuscus). Furthermore, the number of passes by Tadarida
brasiliensis far exceeded the activity of any other species under both farm management
types (Fig. 2), highlighting the unevenness of the farm bat community.
Overall, the relative proportion of individuals from the three foraging guilds
changed under different management types (Fig. 3), with the relative proportion of longrange echolocators increasing and the proportion of short-range echolocators decreasing
as farm intensification increased. Non-metric Multidimensional Scaling (NMDS, Fig. 4)
shows the wide variance of bat communities within natural areas, and indicates that the
bat communities found in low-intensity and high-intensity farms are functionally subsets of
the communities found in natural areas. Species composition also varied less within both
types of farm sites than within natural areas.
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Discussion

These results indicate that agricultural intensification negatively impacts bat
activity levels and results in changes in bat community composition. While the number of
bat species recorded on farms was equal to or greater than the number of species recorded
in natural areas, overall bat activity was significantly lowered under both farm
management types compared to in natural habitat. I found the community composition of
bat species to be significantly different under both management types as compared to
natural areas. Shifts in the relative proportion of activity by different foraging guilds can be
explained by the foraging adaptations of each guild to different environments.

Bat activity
Similar to previous studies, I found bat activity levels decrease as agricultural
intensification increases (Herrera et al., 2015; Williams-Guillén & Perfecto, 2010). I
predicted a significant decrease in activity in high-intensity farms, since increased
agricultural intensification results in lowered vegetative diversity and increased use of
pesticides, of which both factors lead to a reduction in nocturnal insect abundance and
species richness (Wickramasinghe et al., 2004). However, I was surprised to find that there
was no statistically significant difference between the levels of bat activity at low-intensity
farms as compared to high-intensity farms. Other studies that have examined the quality of
insect prey between organic and conventional farms have found higher insect prey
18

abundance in organic farms compared to conventional, high-intensity farms, resulting in
higher bat foraging quality in the organic farm habitat (Williams-Guillén & Perfecto, 2010).
This leads me to believe that the presumed increases in abundance of insect prey available
at the low-intensity farm sites that I studied did not compensate for the loss of trees and
other structural vegetation. This vegetative cover is essential for bats not only for foraging
but is also used by bats as flyways for navigation, and as protection from both wind and
predators (Fuentes-Montemayor et al., 2013; Henderson & Broders, 2008).

Community composition
As predicted, I found a significant difference in bat communities when comparing
natural areas to farms. Overall, there was significantly more variation within and among
bat communities recorded in natural areas compared to those found in either farm type.
The bat communities on high-intensity farms were most similar across sites, and had the
lowest beta diversity. Low-intensity farms were slightly more diverse, but still had lower
beta diversity than in natural areas. The relative proportions of short-, mid- and long-range
echolocators in bat communities shifted dramatically as agricultural intensification
increased. This shift can be explained by the difference in foraging behavior, echolocation
call design, and physiological adaptations between each of the foraging guilds. LRE species
such as T. brasiliensis, which dominate the high-intensity farmed areas, are open-area bats
that are flexible in their foraging strategies and utilize the farms’ wide fields for foraging.
SRE species such as M. yumanensis, the most abundant species in natural areas, are adapted
to slow and maneuverable flight in and around cluttered vegetation (Braun et al., 2015).
The abrupt loss of this highly abundant species even in low-intensity farms demonstrates
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the vulnerability of the forest-dwelling species to habitat loss and fragmentation, as many
of these species are hesitant to cross open fields (Henderson & Broders, 2008; Kniowski et
al., 2014).

Natural history of specific species
One species was found solely in natural areas, M. thysanodes. This was not
surprising, as this species is associated with oak and pine forest habitat, and generally
forages close to the vegetative canopy (Arroyo-Cabrales & de Grammont 2008). Conversely,
C. townsendii, listed as a federal species of concern by the U.S. Fish and Wildlife Service, was
recorded at both farm types and was absent from natural areas. The appearance of this
rare species on farms may be explained by the tendency of C. townsendii to roost in manmade structures, with high fidelity to maternity roosting sites (Arroyo-Cabrales & ÁlvarezCastañeda, 2008; Fellers & Pierson, 2002), rather than any other resources specifically
provided for this bat species in the farm vegetation.
Surprisingly, the greatest species richness was found in low-intensity farms. Three
species were found in these habitats that were not recorded in natural areas or highintensity farms, A. pallidus, M. volans, and M. ciliolabrum. All of these species are rarely
found in this area (W. Frick, personal communication), and M. volans appear to be only
migratory in California with no permanent populations known in the state (ArroyoCabrales & Álvarez-Castañeda, 2008). A. pallidus may have been attracted to the lowintensity farm sites because of the preferential selection of this opportunistic forager
towards large arthropods, beetles, grasshoppers, and moths, which may be attracted to
crops. Furthermore, this MRE species is known to forage in open areas (Arroyo-Cabrales &
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de Grammont, 2008; Rambaldini & Brigham, 2011). Additionally, A. pallidus is sensitive to
pesticide exposure which would exclude it from high-intensity farms (Rambaldini &
Brigham, 2011). Only one call was identified as being from M. ciliolabrum. This Myotis
species is known to forage over agricultural fields (Rodhouse & Hyde, 2014), but is rare in
California as its range is predominantly east of the Rockies (Arroyo-Cabrales & ÁlvarezCastañeda, 2008). It is possible that these rare species were also present in natural areas,
as the high levels of bat as well as insect activity and background noise made it difficult to
identify many recorded calls to species in natural areas. A greater proportion of the calls
recorded in natural areas were unidentifiable to species (66.4%; 17,581 calls), compared to
41.8% in low-intensity farm sites (2,175 calls) and 30.9% in high-intensity farm sites
(1,369 calls). This suggests that there may be some detection bias in areas with more
structural vegetation, and that bat calls are more easily detected and identified in simple
habitats. This may be due to overlap of bat calls from multiple individuals passing the
recorder at the same time, or from bat calls being drowned out by noisy insects and
background noise.

Ecosystem services provided by bats
As voracious predators of a plethora of insect species, bats play an important role in
insect pest suppression in both natural and agricultural landscapes (Kalka et al., 2008;
Kunz et al., 2011; Long et al., 2008; McCracken et al., 2012). Bats track insect pest
populations across regional landscapes, and as opportunistic feeders are able to sustain
themselves on alternate prey and recruit rapidly when pests resurge (McCracken et al.,
2012). Bats consume a wide variety of prey types, many of which are significant
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agricultural pests including many types of moth (Lepidoptera), June beetles (Scarabidae),
click beetles (Elateridae), leafhoppers (Cicadelidae), planthoppers (Delphacidae), and
cucumber beetles (Chrysomelidae) (Kunz et al., 2011). Definitive economic values of
ecosystem services provided by insectivorous bats are difficult to ascertain. Models suggest
the economic value of bat predation solely by large colonies of T. brasiliensis on corn
earworm moth, an important agricultural pest for cotton crops in Texas, to be worth $1.7
million dollars annually in ecosystem services (McCracken et al., 2012). Furthermore, the
migratory nature of certain pest species indicates that the economic value of bat predation
may extend well beyond local foraging areas (Kunz et al., 2011). Additionally, bats
influence pest populations through the ecology of fear - studies in which bat foraging calls
were broadcast over fields or in laboratory experiments resulted in disturbance to pest
population dynamics including significant (50%) reduction in pest infestation rates, as well
as reduced mating behavior and oviposition (Kunz et al., 2011). This implies that bats are
not only limiting pest populations through direct consumption, but also through altering
pest behavior by simply being present in the environment.
Bat communities are structured and exhibit some degree of niche partitioning
similar to birds, and wing morphology and echolocation call design are strongly correlated
to feeding behavior and prey selection (Norberg & Rayner, 2008). This implies that food
resources are partitioned among bat species within a community, and emphasizes the
importance of maintaining a diverse community of bat species to insure that effective, welladapted species will be available to forage in a variety of environmental or prey population
situations. In addition to the significant ecosystem service of pest suppression, bats fill
other important roles within different ecosystems. These include pollination and seed
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dispersal, as well as redistribution of nutrients across landscapes through guano deposition
while flying (Kunz et al., 2011).
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Conclusion

This study highlights the importance of natural areas for maintaining a diverse
community of bat species representative of a variety of foraging guilds. While species
richness was maintained or increased under varying degrees of agricultural intensification,
the significant decline in bat activity at both farms types indicates that while bats use
agricultural lands as foraging habitat, these habitats are significantly lower in quality. The
steep decline in forest-dwelling SRE species with even low-intensity agricultural
intensification indicates the particular sensitivity of these species to habitat loss and
fragmentation resulting from anthropogenic manipulation. While activity levels of openarea species, notably T. brasiliensis, were maintained under agricultural intensification, that
does not prove that farms provide preferred habitat for this foraging guild, only that this is
a remarkably adaptable species.
My results suggest that conservation management measures should seek to
preserve small patches of natural vegetation within the agricultural matrix, as this habitat
is necessary for maintaining populations of forest-dwelling insectivorous bats. It may be of
particular importance to provide landscape connectivity via linear habitat such as
hedgerows and riparian corridors, which facilitate bat movement (Frey-Ehrenbold et al.,
2013; Henderson & Broders, 2008; Lacoeuilhe et al., 2016). A heterogeneous landscape
made up of natural areas mixed in with low-intensity farms may provide habitat within
agroecosystems that are more similar to natural habitat than traditional conventional
24

agriculture, providing an agroecological matrix that is higher in quality and allows for
improved movement and dispersal among habitat patches (Perfecto & Vandermeer, 2010;
Rodríguez-San Pedro & Simonetti, 2015; Vandermeer & Perfecto, 2007).
In addition to retaining natural areas for bat habitat in agricultural landscapes, it
may be important to educate farmers as to the ecosystem services provided by
insectivorous bats that inhabit their farms. Bats continue to have a negative reputation in
many parts of the world (Lopez-del-Toro, 2009; Srinivasulu & Srinivasulu, 2002; WilliamsGuillén et al., 2016). Crop raiding by frugivorous bats can have negative economic
implications for some fruit growers (Srinivasulu & Srinivasulu, 2002). The reputations of
sanguivorous bats, which are known to harass livestock and transmit pathogens, as well as
the transfer of cultural beliefs has led to the development of some farmers’ negative
connotations of all bat species (Lopez-del-Toro et al., 2009). Educating farmers as to the
benefits of having a diverse community of bat species within agricultural landscapes may
help to dispel the negative perspectives held about bats and elucidate the importance of
protecting these vulnerable species.
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Table 1. Calls of insectivorous bats identifiable to species recorded per night (mean ± SE)
in natural areas (n=18), low-intensity farms (n=18), and high-intensity farms (n=18) in the
Central Coast Region of California. Numbers in parentheses indicate total number of passes
recorded for each individual species.
Mean passes per night (±SE)
Species

Natural

Low-Intensity Farm

High-Intensity Farm

Myotis yumanensis

31.14 ± 9.60 (3515)

3.35 ± 0.98 (388)

2.03 ± 0.48 (234)

30.21 ± 18.90 (3323)

18.83 ± 3.5 (2181)

22.48 ± 7.13 (2502)

11.13 ± 5.01 (1318)

1.58 ± 0.50 (184)

1.00 ± 0.37 (120)

4.19 ± 2.43 (485)

0.97 ± 0.30 (111)

0.75 ± 0.25 (86)

1.8 ± 1.27 (201)

0.62 ± 0.16 (70)

0.66 ± 0.28 (73)

0.19 ± 0.17 (21)

0.42 ± 0.20 (49)

0.28 ± 0.10 (32)

0.24 ± 0.24 (30)

0.09 ± 0.09 (11)

-

0.03 ± 0.03 (4)

0.11 ± 0.06 (4)

0.04 ± 0.02 (4)

-

0.04 ± 0.03 (4)

0.06 ± 0.04 (7)

-

0.05 ± 0.03 (6)

-

0.03 ± 0.02 (3)

-

0.01 ± 0.01 (1)

-

0.02 ± 0.01 (2)

-

-

0.01 ± 0.01 (1)

-

236.25 ± 79.64 (8900)

45.26 ± 7.95 (3019)

39.56 ± 10.27 (3059)

(Yuma myotis)
Tadarida brasiliensis
(Mexican free-tailed bat)
Myotis californicus
(California myotis)
Eptesicus fuscus
(Big brown bat)
Lasiurus blossevillii
(Western red bat)
Lasionycteris noctivagans
(Silver-haired bat)
Myotis thysanodes
(Fringed myotis)
Lasiurus cinereus
(Hoary bat)
Corynorhinus townsendii
(Townsend's big-eared bat)
Antrozous pallidus
(Pallid bat)
Myotis evotis
(Long-eared myotis)
Myotis volans
(Hairy-winged myotis)
Myotis ciliolabrum
(Small-footed myotis)
Total
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Figure 1. Mean number of bat passes per night for each land management type. Includes all
calls for each site, those identifiable to species as well as foraging guilds. Error bars indicate
± SE.

Natural Areas
Low-Intensity Farms

Mean bat passes/night

High-Intensity Farms

Management type
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Figure 2. Total number of bat passes by each species comparing natural areas to all farm
sites. Species indicated by abbreviation: Myyu = Myotis yumanensis, Tabr = Tadarida
brasiliensis, Myca = Myotis californicus, Epfu = Eptesicus fuscus, Labl = Lasiurus blossevillii,
Lano = Lasionycteris noctivagans, Myth = Myotis thysanodes, Laci = Lasiurus cinereus, Coto =
Corynorhinus townsendii, Anpa = Antrozous pallidus, Myev = Myotis evotis, Myvo = Myotis

Total Nmber of Passes

volans, Myci= Myotis ciliolabrum.

natural
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Laci

Coto Anpa Myev Myvo Myci

Figure 3. Community composition of bats across land management types. Indicates the
relative proportion of individuals belonging to the different foraging guilds in each habitat.
Light green = long range echolocators (LRE), olive green = mid-range echolocators (MRE),

Relative Proportion (%)

dark green = short range echolocators (SRE).

Natural Areas

Low-Intensity Farms
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High-Intensity Farms

Figure 4. Non-metric Multidimensional Scaling comparing bat species community
composition of natural areas, low-intensity farms, and high-intensity farms. Individual field
sites are represented by shapes, and the closer the shapes are to one another the more
similar the species composition of those sites.
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