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Intensiﬁcation of agricultural production has greatly limited the capacity of agricultural land to support
other species. Maintaining landscape heterogeneity in and around agricultural landscapes can help
conserve biodiversity and potentially natural pest control. Whereas bats (order: Chiroptera) are highly
valued as natural predators of agricultural pests, little is known about the distribution and abundance of
bat species across different types of agricultural landscapes. The objective of our study was to assess how
local remnant habitat and surrounding natural areas inﬂuence bat activity levels within a vineyard
landscape. To accomplish this, we conducted acoustic surveys at 21 vineyards within the North Coast
wine-grape growing region of California. Using generalized linear mixed-models, we assessed the
inﬂuence of local remnant habitat and surrounding natural areas to predict overall and species-speciﬁc
activity patterns. A total of 14,613 bat passes were recorded, of which 80% were identiﬁed by a random
forest classiﬁer as either Tadarida brasiliensis the Brazilian free-tailed bat (25%), Myotis yumanensis the
Yuma Myotis (24%), or Eptesicus fuscus the big brown bat (23%). The results of our models indicate that
total bat activity, and the activity of each of the common bat species, was higher adjacent to remnant
vegetation along the edges of vineyards as compared to within the vineyard, but that the effect of
landscape-scale characteristics on bat activity was weak. This suggests that natural trees and shrubs
should be conserved and restored throughout the vineyard landscape to enhance bat abundance for a
win-win agricultural production and conservation solution.
ã 2016 Elsevier B.V. All rights reserved.
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1. Introduction
Intensiﬁcation of agricultural production has greatly limited the
capacity of agricultural land to support other species (Benton et al.,
2003). Recent studies focused on quantifying the extent to which
wildlife use agricultural landscapes have revealed that structurally
simple agricultural systems support a limited numbers of species
(Aue et al., 2014; Caudill et al., 2015). Retaining heterogeneous
vegetation structure within the agricultural matrix, however, can
increase species diversity (Frey-Ehrenbold et al., 2013; Medina
et al., 2007; Mendenhall et al., 2014; Muñoz et al., 2013) as well as
ecological services such as biological pest control (Veres et al.,
2013).

* Corresponding author at: Department of Biology, University of Washington,
24 Kincaid Hall, Seattle, WA 98195-1800, USA.
E-mail addresses: rmkelly@uw.edu, cellardoor428@gmail.com (R.M. Kelly).
http://dx.doi.org/10.1016/j.agee.2016.03.010
0167-8809/ ã 2016 Elsevier B.V. All rights reserved.

Bats provide an important example of biological pest control,
valued at 3.7 billion dollars in the United States alone (Boyles et al.,
2012). Yet bats face myriad threats ranging from habitat loss and
fragmentation, deforestation, environmental contaminants, to
roost disturbance across the globe (Jones et al., 2009; Kunz
et al., 2011; Weller et al., 2009). In light of the particularly
widespread threat posed by habitat modiﬁcation, several studies
have examined the factors that serve to support bat populations in
managed landscapes (Gert and Chelsvig, 2004; Lentini et al., 2012;
Morris et al., 2010). Within managed landscapes, numerous
features have been implicated to inﬂuence bat activity, from
forested edges (Duff and Morrell, 2007; Ethier and Fahrig, 2011),
tree lines (Fuentes-Montemayor et al., 2013; Kalda et al., 2015;
Verboom and Spoelstra, 1999), and riparian buffers (Akasaka et al.,
2012; Law and Chidel, 2002). Small local habitat remnants and
linear landscape features, such as forested edges and riparian
buffers provide a number of beneﬁts to commuting and foraging
bats, including greater insect abundance (Morris et al., 2010),
protection from wind (Verboom and Spoelstra, 1999), potential
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cover from predators, and navigational landmarks (Verboom and
Spoelstra 1999). Heterogeneity in urban areas is also related to bat
activity rates; a lack of heterogeneity resulted in low activity in
Illinois’ agricultural lands (Gert and Chelsvig, 2004).
While agricultural expansion in particular is generally perceived as negatively affecting the distribution, abundance, and
diversity of bats (Duchamp and Swihart, 2008; Gert and Chelsvig,
2004; Weller et al., 2009), individual species’ abilities to exploit
agricultural ecosystems (Wickramasinghe et al., 2003) vary
signiﬁcantly (Coleman and Barclay, 2011; Estrada and CoatesEstrada, 2002; Kalda et al., 2015). Characteristics of both individual
farms (Wickramasinghe et al., 2003) as well as the larger
agricultural landscape (Lentini et al., 2012) may inﬂuence on farm
bat activity. Structural features such as remnant vegetation,
hedgerows, and windbreaks have been shown to support increased
bat activity within agricultural landscapes in Europe (FreyEhrenbold et al., 2013; Kalda et al., 2015; Wickramasinghe et al.,
2003) and Australia (Lentini et al., 2012), arguing that heterogeneity in agricultural lands can enhance bat occupancy.
In new world Mediterranean-climate regions such as Chile and
Northern California, the growth of the wine industry has led to
extensive conversion of land to vineyard acreage (Viers et al.,
2013). Given the importance of wine-grapes to regional economies,
and the potential for continued expansion of viticulture, it is
essential to integrate ecological and viticultural practices to
produce landscapes that will sustain wine-grape production and
species and habitat protection. Maintaining bat diversity in and
around the vineyard landscape presents the possibility for a winwin solution for wine production and bat conservation.

There is little information about the diversity or activity of bats
within California’s agricultural landscapes (Long et al., 1996).
While Long et al. (1996) conﬁrmed agricultural pests in the diets of
two common bat species; the extent to which these or other
species use various agricultural landscapes remains poorly
understood. The growth of the wine industry along the north
coast of California has created a mosaic landscape, with much of
the valley ﬂoor dominated by vineyard acreage. Despite vineyard
expansion, riparian setbacks persist (Merenlender, 2000), and may
serve to promote bat activity in this agricultural landscape, as well
as promote connectivity between the remnant oak woodlands,
grasslands, and hardwood forests that persist along hillsides and
mountains (Hilty and Merenlender, 2004).
This study was designed to answer three questions regarding
bat activity and distribution within these vineyard landscapes in
northern California. Firstly, what is the relative activity and species
composition in these landscapes? Secondly, how does maintaining
natural vegetation that increases structural heterogeneity in and
around individual vineyards affect bat activity within vineyards?
Thirdly, to what extent do larger landscape-scale land cover
patterns affect bat activity at speciﬁc sites?
To answer these questions, we conducted acoustic surveys
within the North Coast wine-growing region along a gradient of
natural land cover and compared bat activity in the middle of
vineyards to sites immediately adjacent to remnant vegetation. We
hypothesized that local and landscape scale habitat diversity
inﬂuence bat activity within vineyards, and predicted that overall
and species-speciﬁc bat activity patterns would be positively

Fig. 1. Study area. “VI” indicates sites with 1 sampling point (n = 10). “RV” sites indicate the sites that had 2 nested sampling points, one in the vineyard interior (minimum of
70 m into vine rows), and vineyard edge (maximum of 35 m from edge of vineyard), adjacent to remnant natural vegetation (n = 11).
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inﬂuenced by (1) proximity to natural habitat within vineyards and
(2) the proportion natural land cover at the landscape level.
2. Methods
2.1. Study area
We carried out acoustic surveys within a 6,610 km2 area of the
wine-growing region of the North Coast of California (Fig. 1), 60 km
Northeast of San Francisco in adjacent valleys situated on either
side of the Mayacamas Mountains. The region is characterized by a
Mediterranean climate zone, and patches of natural habitat
surrounding vineyards predominately consist of riparian habitat
and oak forest and woodland (Merenlender, 2000). As of 2014,
Napa and Sonoma Counties reported 62,650 and 45,380 acres of
vineyards (Napa County Agricultural Crop Report, 2014; Sonoma
County Agricultural Crop Report, 2014), and vineyard expansion is
has been implicated as the key driver of habitat conversion in the
region (Merenlender, 2000).
2.2. Acoustic sampling
Acoustic surveys were conducted at twenty-one vineyards
ranging from 3.3 80.6 acres, with a mean area of 15.7  3.4 acres.;
ﬁve located in Sonoma County and seventeen located in Napa
County (Fig. 1a). We selected the vineyards in our study from a
subset of vineyards participating in a larger study examining the
role of local and landscape level heterogeneity on conservation
biological control of vineyard pests (Miles et al., 2012; Wilson et al.,
2015). Surrounding remnant vegetation around the vineyards
ranged from natural (e.g., intact riparian setback, oak woodland) to
semi-natural (e.g., eucalyptus grove); both of which will be
subsequently referred to as “remnant vegetation”. Within eleven
vineyards, paired survey points were established at the edge of the
vineyard, adjacent to remnant vegetation (RV) and within the
vineyard interior (VI) (Fig. 1b.). At all paired sites, the ‘VI’ sampling
point was a minimum of 70 m from the edge of the vineyard block
into the vine rows, while ‘RV’ points, were placed a maximum
distance of 35 m from the remnant vegetation. Paired survey points
were >75 m apart, with the exception of two vineyards, where the
width of the vine row was <100 m.
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We surveyed each site for consecutive 3–4 night periods, twice
per year, between July and August in 2011 and between June and
July in 2012. We monitored bat activity acoustically using
Songmeter SM2BAT 192 Hz full-spectrum bat detectors (Wildlife
Acoustics Inc., Concord, MA). Omnidirectional microphones were
mounted to 2 m poles to minimize ground and leaf noise and to
prevent the recording of call reﬂections from the ground. Acoustic
sampling took place between sunset and sunrise, and the detectors
were programmed to record ambient temperature at 15-minute
intervals each night.
2.3. Call identiﬁcation
We ﬁrst converted call data to 8-division zero-crossing format
using wac2wav 3.3.0. Passes were split by a minimum spacing of
ﬁve seconds between calls. Call data were then ﬁltered with
AnalookW 3.8s to extract high quality calls consisting of a
characteristic frequency between 5 and 60 kHz, a duration
between 2 and 50 milliseconds, a body over 1 millisecond, and
a Qual index less than 0.3 (Armitage and Ober, 2010). Only passes
containing at least 1 high quality call were included in the analysis
(Kitzes and Merenlender, 2014). The number of recorded passes
per night was used to describe bat activity. To allow for statistical
analysis of individual species, the open source software BatID
version 1.1 (http://jkitzes.github.io/batid) was used to identify
passes to the species level (BatID). Using a random forest classiﬁer,
BatID assigns each call to a given species based on a hierarchical
classiﬁcation of 12 parameters of each call. The probabilities that a
given species made the call are then summed across all calls in a
pass sequence, and the species with the highest probability is
assigned. This classiﬁer has been ﬁt to species found in the San
Francisco Bay region, and has a mean accuracy of 84  0.13% of
correctly identifying calls to the species level (see Kitzes and
Merenlender, 2014, for further details). To analyze species richness,
the call classiﬁcation settings within BatID 1.1 were adjusted to
minimize false positive species identiﬁcation. We required a
minimum of 4 calls with at least 85% certainty of being that species
for any pass to be classiﬁed to species level.

Fig. 2. Surrounding land use analysis using CalVEG land cover data. Ring buffers were created at 0.2, 5, and 20 km. The percent coverage of agriculture, urban, and remnant
vegetation were determined from the SRM_COVER_TYPE class.
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2.4. Landscape data
To analyze the relationship between bat activity within
vineyards and surrounding landscape, we obtained land cover
data from the USDA forest Service CALVEG classiﬁcation system. All
spatial data were analyzed using ArcGIS 10.1 (ESRI, Redlands, USA).
Among temperate bat species, home range sizes vary signiﬁcantly between species (Duchamp et al., 2004; Evelyn, 2004;
Fellers and Pierson, 2002), thus individual species may perceive
changes in habitat differently at various spatial scales. In order to
assess the relationship between surrounding land use and bat
activity for individual species, we classiﬁed land use at multiple
spatial scales. Concentric ring-buffers were deﬁned around each
sampling point to characterize the local landscape (200 m and
1000 m) and the broader landscape (5 km and 20 km). Using the
‘SRM Rangeland Cover Type’ class, which classiﬁes existing
vegetation, we distilled these cover types into three categories:
natural habitat, agricultural habitat, and urban cover (Fig. 2). We
then calculated the proportional area of agricultural, urban, and
natural land cover within each buffer. Since we were interested in
the inﬂuence of habitat conservation, the proportion of natural
habitat at each scale was used in subsequent analysis. In addition
to land use, proximity to water can inﬂuence bat activity (Duff and
Morrell, 2007), and riparian corridors and water holding ponds are
common features throughout the study area. Using aerial LANDSAT
imagery, we determined the presence of any natural or artiﬁcial
water source within 200 m of the sampling location to include in
subsequent analyses.
2.5. Statistical analysis
Statistical analyses were conducted using R 2.15.2 (R Core Team,
2012), with the packages lme4 0.999999-0 (Bates et al., 2014) and
 , 2015) used for modeling and model selection.
MuMIn 1.9.0 (Barton
To avoid extrapolating patterns from rare occurrences that
could have potentially resulted from misclassiﬁed calls, we only
performed analyses on the three species that each constituted
more than 20% of identiﬁed individuals (see Section 3). Modeling
was not performed for the remaining species identiﬁed by BatID,
none of which exceeded 7% of total recorded activity. We analyzed
bat activity patterns using the number of bat passes per night from
all species combined as well as for each of the three most
commonly recorded species individually.
As appropriate for count data, Poisson generalized linear mixed
models with a log link function were used to model the
relationship between bat activity and predictor variables (Burnham and Anderson, 2002). Preliminary analyses suggested that
nightly count data were overdispersed (ratio of summed Pearson
residuals to residual degrees of freedom equal to 9.1 for total
nightly activity, and 3.1–4.4 for individual species models). To
account for this overdispersion, an individual level random effect
(individ) was also included, to achieve a lognormal Poisson error
structure (Elston et al., 2001). We ﬁrst generated a global model
that included six main variables of interest that could potentially
inﬂuence bat activity: proximity to remnant vegetation ‘RV’ vs.
vineyard interior ‘VI’ (RV, two levels: False, True), the presence of
water within 200 m (wtr_200, two levels: False, True), minimum
nightly temperature (min_temp, continuous), and the proportion of
natural habitat within 200 m (natural_0.2 km, continuous), 5 km
(natural_5 km, continuous), and 20 km (natural_20 km, continuous)
concentric rings. The proportion of natural habitat at 1000 m was
excluded from analyses due to the high correlation (>0.6) with the
200 m and 5 km buffers. In addition to these variables, year (year,
two levels: 2011 and 2012), site (site, random effect), and night
(night, random effect) were also included in subsequent models.
Sum contrasts were applied to the year variable, such that model

estimates reﬂect an average year. For each global model, we plotted
the log transformed ﬁtted values against the ﬁtted residuals, to
conﬁrm that there were no violations of homogeneity, as
recommended by Zuur et al. (2007).
From the global model, which contained all variables of interest,
we used all subset selection to generate a candidate set of models
using the dredge command of the MuMIn package. We then ranked
each model using Akaike’s Information Criterion (AIC). Incorporating the surrounding land use variables produced a large number
of top ranking models for each species (Table S1), and no clear top
model (DAIC > 2) was identiﬁed (Burnham and Anderson, 2002)
(see Section 3). Therefore, we used a model averaging approach to
obtain estimated coefﬁcients, unconditional standard errors, and
to assess the relative importance of predictor variables from the
top model set (DAIC < 2). To allow for comparison of effect sizes
between explanatory variables in model averaged estimated
coefﬁcients, input variables were ﬁrst standardized to a mean of
0 and SD of 1 for continuous variables. The results for all individual
models with a DAIC < 2, indicating substantial support (Burnham
and Anderson, 2002), are shown in the Supporting Information
(Table S1).
3. Results
A total of 14,613 bat passes containing at least one high quality
call were recorded over 442 detector-nights. The random forest
classiﬁer, BatID, classiﬁed 80% of recorded passes as either Tadarida
brasiliensis the Brazilian free-tailed bat, Myotis yumanensis the
Yuma Myotis, or Eptesicus fuscus the big brown bat, with other
species classiﬁed at lower levels (Table 1).
Results from our model averaging indicate that for all species
combined, activity was 2.3 times higher adjacent to RV, relative to
the interior (b = 0.85 P < 0.001) (Table 2). This positive effect of
local habitat was also signiﬁcant for M. yumanensis (b = 0.58,
P < 0.001), and E. fuscus (b = 1.55, P < 0.001), however RV had no
signiﬁcant inﬂuence on the activity of T. brasiliensis. Given the loglink function and standardized model structure, on an average
night we would expect that, relative to the interior, activity
adjacent to RV would be nearly four times as high for E. fuscus and
almost twice as high for M. yumanensis (Fig. 3). Temperature had
no observable effect on the activity of T. brasiliensis or M.
yumanensis. However, there was a positive effect of temperature
on overall species activity and that of E. fuscus (b = 0.13, P = 0.01;
and b = 0.29, P <0.01 respectively) (Table 2).
There was a signiﬁcant year effect for all species combined and
for each individual species (Table 2), with greater activity of all
species in 2011 than 2012. However, the effect of year is
confounded by the seasonal effect of sampling later in the summer
in 2011 (July–August), than in 2012 (June–July) (see Section 2.2).
While nightly minimum temperatures were higher, on average in
2011 (17.7  0.2  C) than in 2012 (15.3  0.4  C), given the structure
of our models, the signiﬁcant year coefﬁcient indicates that year
was signiﬁcant independent of temperature.
None of the surrounding land use variables (natural_0.2 km,
5 km, 20 km) had a statistically signiﬁcant impact on bat activity in
our averaged model, and estimated effect coefﬁcients were small
Table 1
Counts of nightly passes recorded during acoustic surveys in Napa and Sonoma
county vineyards, and percent activity of the most common species identiﬁed using
the random forest classiﬁer BatID (see Section 2).
Species

Percent

Total

All spp.
T. brasiliensis
M. yumanensis
E. fuscus

25.4%
24.6%
23.3%

14613
3708
3591
3407
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Table 2
Results from model averaging: Model variable and coefﬁcient estimates from
Poisson regression of counts of nightly activity in North Coast vineyards (see
Section 2). Coefﬁcients were estimated with a bias toward zero (with shrinkage).
Model coefﬁcients reﬂect a log link such that multiplicative effects are equal to exp
(b). Estimates are provided for overall bat activity, and the three most common
vineyard species: the Brazilian free-tailed bat (T. brasiliensis), Yuma myotis (M.
yumanensis), and the Big brown bat (E. fuscus). (***) P < 0.001, (**) P < 0.01, (*)
P < 0.05.
Coefﬁcienta

All spp.

T. brasiliensis

M. yumanensis

E. fuscus

(Intercept)
RV
Year
Temp
Temp:RV
Natural_0.2 km
Natural_5 km
Natural_20 km
Wtr_200m

2.57***
0.85***
0.37***
0.11*
0.06
0.04
0.06
0.02
0.02

.87***
0.082
0.38***
0
0.036
0.22
0.27
0.03
0.67*

1.01***
0.58***
0.39***
0.06
0.04
0.01
0.18
0.01
0.01

0.23
1.55***
0.20**
0.26**
0.09
0
0
0.19
0.05

a
RV = binary variable, adjacent to remnant vegetation vs. vineyard interior (see
Section 2).

compared to the effects of RV and year. The model-averaged results
for T. brasiliensis indicate that the presence of water within a 200 m
radius had a signiﬁcant effect (b = 0.66, P = 0.03) on activity
(Table 2). However this variable was highly negatively correlated
with the natural_0.2 km variable ( 0.74), and when natural_0.2 km
was dropped from the model the water variable became
insigniﬁcant. While land use variables were often incorporated
into individual models with AIC support (Table S1), the pattern of
inclusion of these variables was inconsistent and effect sizes were
similarly weak.
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4. Discussion
Using acoustic surveys, we assessed the relationship between
bat activity and local and landscape level habitat characteristics in
California North Coast vineyards. The most common species
acoustically detected in this vineyard landscape are T. brasiliensis,
M. yumanensis, and E. fuscus. The results of our models indicate that
overall bat activity, and the activity of two of the three most
common species, was up to nearly four times higher adjacent to
remnant vegetation ‘RV’ within a vineyard landscape (Fig. 3). This
ﬁnding is consistent with previous studies of North American bats
in other managed landscapes (Avila-ﬂores and Fenton, 2005;
Dixon, 2011; Ethier and Fahrig, 2011; Morris et al., 2010),
demonstrating the importance of habitat heterogeneity and the
advantages of maintaining remnant habitat patches for bat species
within managed and heavily altered ecosystems. Our ﬁnding that
the activity of T. brasiliensis was unaffected by remnant vegetation
within vineyards is consistent with this species’ wing morphology
and echolocation features, which suggest that this species is well
adapted to rapid ﬂight in open areas. We ﬁnd little evidence,
however, that larger-scale landscape characteristics are a major
determinant of vineyard-scale bat activity levels.
The lack of an association between M. yumanensis activity and
the presence of water contrasts with previous studies (Bringham
et al., 1992). Proximity to water is frequently identiﬁed as a
predictor of M. yumanensis roosting and foraging activity (Duff and
Morrell, 2007; Evelyn, 2004). If M. yumanensis were foraging
directly over the water surface, then acoustic monitoring adjacent
to water sources may be necessary to detect a difference in activity
patterns (Ober and Hayes, 2008; Stahlschmidt et al., 2012). For

Fig. 3. Nightly recorded activity (passes per night) of bats in North Coast Vineyards within the vineyard interior and adjacent to remnant vegetation for: (a) all species
combined (b) E. fuscus (c) M. yumanensis and (d) T. brasiliensis. The middle line is equal to the median nightly passes, boxes indicate interquartile range, the whiskers extend to
1.5 times the interquartile range, and values beyond this range are indicated by ( ). Differences in overall and species-speciﬁc relative activity patterns were assessed by ﬁtting
generalized linear mixed effects models (see Section 2), and are indicated by (***) at P < 0.001.
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example, acoustic studies in a German vineyard landscape found
signiﬁcantly higher bat activity at constructed wetlands as
compared with paired vineyard recording stations 80 meters
away (Stahlschmidt et al., 2012). In our study area, both natural and
artiﬁcial water sources are abundant and potentially not a limiting
factor in M. yumanensis activity patterns. Moreover, foraging
observations of M. yumanensis suggest they also forage extensively
along forested edges (Bringham et al., 1992). The ‘edge’ habitat
provided by remnant vegetation within and among vineyards may
serve as habitat for foraging, commuting or both although we
cannot distinguish among these with our acoustic sampling
design.
In contrast with site level habitat features, there was no clear
trend in the activity of any species with the relative extent of
surrounding upland natural habitat. At the 5 and 20 km scale,
surrounding natural vegetation ranged between 40–70% and 59–
85%, respectively, and our results suggest that this level of habitat
variation is not sufﬁcient to cause signiﬁcant variation in bat
activity. This analysis cannot rule out the possibility that more
extreme loss of surrounding oak woodland habitat may have an
inﬂuence on bat activity in vineyards.
The large differences in detections between 2011 and 2012 may
be a result of two factors: naturally high levels of inter-annual
variation and/or sampling time. Inter-annual variation is frequently observed in acoustic bat surveys (Ober et al., 2008; Seidman and
Zabel, 2001). However, it is likely that seasonal variation
inﬂuenced the observed detection differences. This would support
the results of Seidman and Zabel (2001) who observed a seasonal
increase in bat activity over the course of the summer (June–
September) in a multi-year study. They suggest this could be the
result of increasing population size (due to juveniles, greater insect
abundance, and/or increasing temperatures).
While acoustic sampling techniques have permitted researchers to study the activity patterns of cryptic mammals, it is
important to recognize the bias with such techniques. Echolocation calls are highly variable among species, and not all species are
equally detectable acoustically. Additionally, the choice of acoustic
detector also inﬂuences detection rates (Adams et al., 2012). Using
the classiﬁer BatID allowed us to analyze the activity of the most
commonly identiﬁed species as well as overall bat activity, but
prevented us from drawing conclusions about rare species. The
numerous factors that inﬂuence intraspeciﬁc variability in
echolocation calls (O’Farrell et al., 2000; Sun et al., 2013) as well
as interspeciﬁc overlap (Teeling, 2009; Weller et al., 2007) make
identifying echolocation calls of bats problematic. Therefore it is
generally not advised to rely on acoustic surveys alone to conﬁrm
the presence of rare species unless additional survey methods (e.g.,
mist-netting) are employed (Clement et al., 2014). In order to
assess the distribution of rare species, additional sampling
methods would need to be employed, which was unfortunately
beyond the scope of this study.
All of the common bat species present within North Coast
vineyards have previously been documented to consume agricultural pests (Cleveland et al., 2006; Duchamp et al., 2004; Long et al.,
1996). Our results suggest that remnant vegetation generally
increase overall bat activity in our study area. This underscores the
importance of well-maintained remnant natural habitat corridors
for regional biodiversity within this vineyard dominated landscape
(Hilty and Merenlender, 2004). However, activity was highly
variable within and between sites, with total activity ranging from
just 1 pass to 258 passes per night adjacent to remnant vegetation
and from 1–240 passes per night in the vineyard interior. The nonnegligible activity levels within the vineyard interior suggest that
bats do use this habitat for commuting, foraging, or both. Since
vineyard development will likely continue in the future, it is critical
to gain a better understanding not only of the factors inﬂuencing

bat activity, but also the negative impacts of agricultural practices
(e.g., pesticides) on bats and other wildlife (Boyles et al., 2012; Frick
et al., 2007).
While surrounding land use does not appear to explain the
observed variation in activity levels, microhabitat characteristics
(Estrada-Villegas et al., 2012; Ober et al., 2008) may be a better
indicator for bat activity patterns (Gehrt et al., 2003). In addition to
remnant vegetation, roost availability, and/or insect abundance
(Avila-ﬂores and Fenton, 2005; Fuentes-Montemayor et al., 2013;
Rambaldini and Brigham, 2011) may be inﬂuencing bat activity
patterns within North Coast vineyards. Behavioral observations
within Canadian vineyards conﬁrmed bats foraging within viticultural landscapes, however the authors suggests that preferred prey
availability may inﬂuence foraging activity (Rambaldini and Brigham, 2011). Therefore future research should attempt to quantify
pest regulatory services, in order promote the adoption of on farm
conservation practices. Such efforts have the potential to contribute
to ecosystem services as well to conservation.
5. Conclusions
Using non-invasive acoustic sampling, we were able to characterize the activity of common bat species and overall activity within a
major wine-growing region of California. The strong inﬂuence of
remnant habitat patches on the observed bat activity argues for
retaining local structural heterogeneity in and around the vineyard
matrix for a win-win solution for bat conservation and potential pest
control. Promoting biodiversity in agricultural landscapes has the
potential to beneﬁt bat conservation and growers alike (Muñoz et al.,
2013; Viers et al., 2013).
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