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A B S T R A C T

Barn owls (Tyto alba) are the most widespread raptor species on Earth, and because they are thought to
provide natural vertebrate pest control services, farmers in some agricultural regions have encouraged
barn owls to breed and hunt on their farms by installing artificial nest boxes. However, barn owl
populations are declining in some agricultural regions, which may be a result of changes in land use and
agricultural intensification. We studied barn owl diet and nest box occupancy in an intensive agricultural
landscape in the Central Valley of California to measure whether agricultural land use affected barn owl
diet. We collected 415 viable pellets from 25 active nest boxes over two breeding seasons and compared
these results with agricultural land use types within a 1-km radius of each nest. Mice (Mus musculus and
Reithrodontomys megalotis) were the most numerous prey and the most important by biomass, but their
importance in barn owl diet declined with higher proportions of perennial crops in the surrounding
landscape. California voles (Microtus californicus) were less important by number, but still represented a
significant proportion of the biomass consumed by owls in our study area. Pocket gophers (Thomomys
spp.) were consumed less often but were also an important source of biomass. Furthermore, barn owls
nesting in areas with higher proportions of perennial crops consumed more gophers and fewer voles,
many of which were juveniles, suggesting that gophers are more abundant and a more important part of
barn owl diet in perennial crop areas. Over 99.5% of prey items in barn owl diet were agricultural pests
and owls are therefore likely to provide valuable pest control services for growers in our area, although
the species consumed may vary with crop types with implications for pest-control.
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1. Introduction

Globally, agricultural intensification produces higher yields, but
is also associated with a loss of natural habitat, expansion of field
sizes, simplification of the overall landscape, loss of crop diversity
across large areas, and increased chemical inputs (Foley et al.,
2005). Agricultural expansion and intensification has been linked
with biodiversity losses worldwide and is an especially significant
threat to birds (Green et al., 2005). Some avian species, however,
are capable of thriving in agricultural systems. Barn owls (Tyto
alba), the most widespread owl species on Earth (Taylor, 1994), are
likely to be one such species. Barn owls display an astonishing
breadth of habitat associations and are capable of nesting in
buildings and other areas where human and agricultural activity is
high (Marti et al., 2005). Raptors, including barn owls, are not only
ecologically important as top predators (Sergio et al., 2006), but
may also provide farmers with a natural source of pest control by
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consuming many vertebrate pest species that cause damage to
crops and reduce yields (Smal et al., 1990; Hafidzi and Mohd, 2003;
Whelan et al., 2015).

By provisioning nest boxes in areas that have lost significant
wildlife habitat due to human activity, barn owl populations can
persist where there is abundant prey, yet limited natural nest sites
(Taylor, 1994). There is some concern that increasingly industrial-
ized and intensive agricultural practices may be causing regional
declines of barn owls in farming areas where they were once
abundant (Colvin, 1985; Taylor, 1994; Newton, 2004). Declines in
barn owl populations have also been attributed to increased
vehicle-collisions due to more roads with higher volumes of traffic
(Borda-de-Agua et al., 2014).

There has been contrasting evidence from studies examining
the effects of agricultural land use change on barn owl populations.
For example, barn owl breeding success was not linked with
agricultural land use in England (Meek et al., 2009) or Switzerland (
Frey et al., 2011), whereas Leech et al. (2009) found that across the
United Kingdom, barn owls breeding in semi-natural habitat and
extensive grazing systems had higher breeding success compared
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to those nesting in arable fields. In Israel, nest box occupancy was
higher when boxes were surrounded by a higher proportion of
arable fields compared with sites with more natural fields, villages
or date plantations, but these landscape factors did not affect
breeding success (Charter et al., 2012). To our knowledge, no
studies thus far have examined differences between the diets of
owls nesting in different types of intensive agriculture in the same
region.

Barn owls are natural predators of many rodents, especially
species considered agricultural pests (Marti et al., 2005). Barn owls
therefore have strong potential to provide farmers with economi-
cally valuable vertebrate-pest control services (Whelan et al.,
2015). Barn owl populations are relatively cheap to establish:
Fig. 1. Map of our study area indicating locations of active ba
requiring the initial construction and installation of nest boxes and
a low annual maintenance. Rodenticides, on the other hand, may
have decreasing efficacy as rodents become resistant to certain
compounds (Salmon and Lawrence, 2006; Horak et al., 2015), and
are likely to cause secondary poisoning to non-target wildlife
species (e.g. Erickson and Urban, 2004; Elliott et al., 2014; Thomas
et al., 2011). Trapping to control rodents requires continued effort
and associated staffing costs in addition to the high initial inputs
for purchasing traps.

Despite the widespread use of artificial nest boxes to attract
barn owls into agricultural areas for pest control, very few field
studies have been able to correlate these actions with long-term or
economically viable control of rodent populations (e.g. Smal et al.,
rn owl boxes and crop types used for land-use analysis.
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1990; Kan et al., 2014). Although the presence of barn owls has
been shown to reduce nocturnal rodent activity (Abramsky et al.,
1996), it is not fully understood whether a significant reduction in
rodent populations is achieved (Van Vuren et al., 1998; Marti et al.,
2005). The first step in understanding whether barn owls are able
to significantly reduce agricultural pest populations is to describe
their diet within the crop types in which farmers are attempting to
enhance biological pest control. Here, we investigated the diets of
barn owls nesting along a gradient of different high-intensity crops
in an intensive agricultural region in California’s Central Valley to
determine whether owls nesting in areas with more perennial
crops differed in their diet from owls nesting in areas with a greater
proportion of row or forage crops.

2. Methods

2.1. Study area

In California’s Central Valley, one of the world’s most productive
farming regions, natural habitats were converted to a large
diversity of different crop types over the past 200 years, causing
the loss of over 90% of the state’s wetlands and riparian forests
(Dahl, 1990). More recently, market forces have driven the
conversion of fields previously growing a rotation of pasture,
row, and forage crops into higher value perennial crops, such as
vineyards and orchards (Mehta et al., 2013), a trend that has raised
concerns over loss of crop diversity and widespread landscape
simplification.

Our study area was located within Yolo County, in the
Southwestern part of the Sacramento Valley and roughly 120 km
Northeast of San Francisco (Fig.1). Agriculture accounts for roughly
95% of the approximately 1-million acre-feet of the county’s water
demand (Jackson et al., 2012), and covers over 80% of the county’s
land area (FMMP, 2010). The dominant crops are alfalfa, tomatoes,
wheat/grain, almonds, walnuts, grapes, and rice (Jackson et al.,
2012). Westward from the valley floor, cattle grazing occurs in the
upland grasslands and oak savannahs (Jackson et al., 2012).
Hundreds of owl nest boxes have been installed throughout the
agricultural landscape, making this an ideal area to study local barn
owl diet.

Owners from three different farm operations with previously
erected barn owl nest boxes permitted us to access their private
property for the purpose of this study. Barn owl nest boxes were
built out of either wood, PVC piping, metal drums, or polyurethane
and installed on either a single metal pole, power pole, or trunk of a
tree. Nest boxes were mostly evenly spaced along the perimeter of
crop fields, with some dispersed throughout a larger area. Growers
had installed nest boxes primarily to attract barn owls with the
desire to utilize the owls as a natural control for rodent pests;
primarily pocket gophers (Thomomys spp.) and voles (Microtus
spp.). Pocket gophers are consistently ranked as one of the most
damaging pests of agricultural crops across California because
burrows and underground foraging causes loss of vigor or plant
death, and chewing can damage expensive buried drip irrigation
lines (Baldwin et al., 2011). Voles directly consume vegetation and
can damage up to 11% of alfalfa crops in some areas, but are often
considered less serious pests than gophers (Baldwin et al., 2011).

2.2. Landscape analysis

In order to determine land cover, we obtained a 2014Crop Data
Layer (CDL) from CropScape (USDA-NASS, 2014), a national
database that classifies land cover and crop types using remote-
sensing for the entire United States (Han et al., 2012). We used
ArcGIS (ESRI, 2011) to map the locations of all active barn owl boxes
and established a buffer with a radius of 1 km around each nest box
(Hindmarch et al., 2014) because it is estimated that barn owls
have a home range size of roughly 3 km2 during the breeding
season (Taylor, 1994). We condensed the crop-specific data within
CropScape to broad land-cover categories based on crop manage-
ment and plant types and calculated the proportion of land cover
type within each buffer. Our final land use types included eight
categories: (1) Alfalfa; (2) other forage (winter wheat, triticale,
clover, hay); (3) row crops (tomato, corn, squash, peppers); (4)
perennial crops (vineyards and orchards including walnuts,
almonds, pistachios, stonefruit, pears, cherries, olives, and citrus);
(5) rice; (6) pasture/grassland; (7) fallow/barren; and (8) devel-
oped.

2.3. Pellet analysis

Barn owls, like many other owls, swallow prey whole and later
regurgitate the indigestible material, including fur and bones, as a
pellet (Taylor, 1994). During the breeding season, pellets are often
regurgitated near the nest box, especially by adults and older
chicks. Pellets can be dissected to provide a reliable indicator of
diet (Taylor, 1994). Barn owls produce 1–2 pellets per day (Marti,
1973), and because we weren’t able to collect pellets from inside
nest boxes, our pellets represent a subsample of the diet of barn
owls, and each pellet represents at least half of the daily diet of
each owl at the nest.

We collected a total of 434 barn owl pellets under 33 different
nest boxes at three different farm properties in Yolo County. Only
nests sites where �5 pellets were found were considered in our
analysis, resulting in 415 pellets from 25 nest boxes being analyzed.
Pellets were collected during the breeding season in 2014 and
2015, and boxes were visited once between 1st April and 31st July
each season. Pellets were only collected within 1 meter of nest
boxes, with the majority of pellets concentrated directly under the
nest box opening. To avoid counting pellets from previous seasons,
only whole intact pellets were dissected and analyzed. Because
barn owl pellets readily break down once wet, pellets that
appeared weathered or fragmented were discarded.

In 2015, to confirm that the pellets collected from under nest
boxes were from barn owls, we used a Sony HD digital camera
recorder (HDR-AS100 V) attached to an extendable pole to live
stream video to a portable tablet/smart phone at 34 nest boxes.
Active nests were those that had owl eggs, nestlings, incubating
adults, or roosting adults.

We dissected barn owl pellets individually by hand, and used
dissection kits and dissecting lenses as needed. After we carefully
separated bones and fur, we identified the species composition of
each pellet. Due to the degraded nature of diagnostic character-
istics, such as teeth and mandibles, we did not distinguish between
house mouse (Mus musculus) and Western harvest mouse
(Reithrodontomys megalotis). Instead, we used a single category
of “mouse”. In addition to vertebrate prey, we also recorded the
presence of invertebrates, which can be detected in owl pellets
through the presence of exoskeletons (Marti et al., 2007). The only
invertebrates we detected in the pellets were field crickets (Gryllus
spp.) and we quantified the number of field crickets in each pellet
by counting each identifiable head.

After prey species were identified, we counted the minimum
number of individual prey contained in each pellet (Marti et al.,
2007). For mammalian prey, we relied mainly on skulls and
dentition for identification, and used limb bones and pelvic girdles
when cranial bones were absent. Whenever possible, we quanti-
fied the number of individuals contained in each pellet by counting
the number of lower mandibles (Van Vuren et al., 1998). The
occurrence and quantity of songbirds within a pellet was
determined by the diagnostic characteristics of avian skulls, beaks,
keels, synsacrums, clavicles, feet, crops, and feathers, but
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individuals were not identified to species. We used fur or feathers
to detect the presence of a species when no bones were contained
within a pellet, but could only count a minimum number of one
individual, since fur or feathers alone can only detect presence
(Marti et al., 2007). Mammalian bones and fur were compared to a
museum reference collection from the Museum of Wildlife and
Fish Biology, University of California, Davis, and cranial bones were
cross-referenced with a North American field guide (Elbroch,
2006).

2.4. Prey biomass

For all complete vole and gopher mandibles that were identified
in pellets, we calculated the body mass of the individual animal
that was consumed based on mandible length (mm). Gopher mass
was calculated from Van Vuren et al. (1998) and is equal to: log
(mass) = 3.49 log(mandible length) � 2.73. We calculated a rela-
tionship between vole mandible length and body mass by taking
mandible measurements from 53 vole skulls stored at the Museum
of Wildlife and Fish Biology at the University of California Davis and
calculating a regression relationship between the recorded mass of
each individual and mandible length. Our regression showed that a
mass can be estimated for Microtus californicus using mandible
length and is equal to the relationship: ln(vole mass) = 3.154 ln
(mandible length) �5.015 (see results for model fit). We then used
this relationship to estimate the mass of each vole in our pellets.
For any incomplete mandibles found in pellets, we used the mean
estimated weights based on the complete mandibles in all pellets
for Thomomys bottae (63.31 g) and for M. californicus (37.36 g). For
all other prey species, we used the median mass reported in field
guides for our area (Table 1).
Table 1
Prey identified in 415 pellets from 25 barn owl nests surrounded by varying amounts o

Pellets Prop. perennial crops Total consumed 

Mouse Vole Gopher Bird Cricket Sh

39 0.01 96 17 1 1 0 0 

5 0.01 22 0 0 0 1 0 

34 0.01 59 21 2 8 0 0 

35 0.01 108 15 2 1 29 1 

10 0.01 32 1 0 0 1 0 

28 0.02 44 14 4 6 3 0 

6 0.02 22 3 0 1 0 0 

13 0.02 14 17 0 0 1 1 

15 0.03 0 19 0 2 1 0 

5 0.11 1 3 0 1 0 0 

7 0.15 14 1 3 1 0 0 

38 0.18 53 19 5 1 0 1 

8 0.19 2 8 0 2 0 0 

21 0.22 42 7 0 0 0 2 

20 0.25 32 17 2 1 0 1 

8 0.25 0 5 5 0 1 0 

6 0.28 0 2 4 0 0 0 

23 0.28 0 34 5 7 0 0 

23 0.31 22 20 6 0 0 0 

6 0.33 0 5 1 0 0 0 

5 0.38 6 3 3 0 0 0 

17 0.38 15 25 2 4 0 0 

21 0.41 33 9 0 0 0 0 

6 0.44 0 3 5 0 0 0 

16 0.56 6 15 5 1 0 0 

Total 623 283 55 37 37 6 

Relative Importance in diet 0.597 0.271 0.053 0.035 0.035 0.0

Mass values were based on regression estimates from jaw bone length for gophers (Van V
from pellets, we used the mean mass of voles or gophers based on the results of this paper
species in the central valley-Mouse: Western-harvest mouse (Reithrodontomys megaloti
1970); Shrews: ornate shrew (Sorex ornatus), 2.9–8.7 g (Smithsonian, 2015); Rats were all 

as the mean between Western meadowlark (Sturnella neglecta) 106 g (Davis and Lanyo
(Gryllus spp.) were assigned a weight of 2 g.
2.5. Analyses

Using mean values for each nest, we used linear regression in
JMP Pro (v. 12.0.1, SAS, 2015) to measure the relationships between
the proportion land in perennial crops around each site and the
mean mass of voles and gophers consumed at the site. To assess the
effects of proportion perennial crop on barn owl diets we used
linear mixed effects models in the lme4 (Bates et al., 2015) package
in R (v. 3.1.2, R Core Development Team, 2015). We ran separate
models for the proportion of each pellet consisting of gophers,
voles, or mice by both number and by biomass, and used the
proportion perennial crop as our predictor variables in each. Mixed
effects models allow for the inclusion of random grouping effects,
in this case nest ID and year, to account for multiple observations
per site.

3. Results

3.1. Land cover summary

Our habitat analysis showed that row crop was the most
abundant land cover type in landscapes around barn owl nest
boxes, accounting for an average of 23.7 � 0.04% (standard error of
the mean) of land use. The second most abundant cover type was
perennial crops, which accounted for 19.5 � 0.04%. Other common
land use types found in our study area included alfalfa
(17.4 � 0.02%), other forage crops (14.1 �0.02%), fallow/barren
(10.8 � 0.02%), grass pasture (9.6 � 0.03%), developed areas
(3.7 � 0.004%), and rice (1.2 � 0.005%),
f perennial crops (orchards and vineyards).

Biomass Consumed

rew Rat Mouse Vole Gopher Bird Cricket Shrew Rat

1 1598.4 660.2 62.4 60.5 0 0 355
0 366.3 0.0 0.0 0 2 0 0
0 982.4 771.4 157.1 484 0 0 0
1 1798.2 682.4 110.7 60.5 58 5.8 355
1 532.8 60.2 0.0 0 2 0 355
0 732.6 612.2 199.5 363 6 0 0
0 366.3 112.1 0.0 60.5 0 0 0
0 233.1 635.1 0.0 0 2 5.8 0
0 0.0 490.7 0.0 121 2 0 0
0 16.7 114.5 0.0 60.5 0 0 0
0 233.1 41.7 164.7 60.5 0 0 0
0 882.5 709.8 316.6 60.5 0 5.8 0
0 33.3 285.4 0.0 121 0 0 0
0 699.3 167.2 0.0 0 0 11.6 0
0 532.8 614.4 145.5 60.5 0 5.8 0
0 0.0 211.9 288.9 0 2 0 0
0 0.0 82.2 297.6 0 0 0 0
0 0.0 1113.5 344.9 423.5 0 0 0
0 366.3 714.9 382.4 0 0 0 0
0 0.0 193.7 92.3 0 0 0 0
0 99.9 112.1 189.9 0 0 0 0
0 249.8 883.8 75.8 242 0 0 0
0 549.5 270.5 0.0 0 0 0 0
0 0.0 69.6 303.4 0 0 0 0
0 99.9 494.1 317.6 60.5 0 0 0
3 10,373 10,104 3,449 2,239 74 35 1,065

06 0.003 0.379 0.370 0.126 0.082 0.003 0.001 0.039

uren et al., 1998) and voles (this paper). When mandibles were damaged or missing
. Mass for other species are based on the median of reported mass values for common
s) 7–15 g (Smithsonian, 2015) and house mouse (Mus musculus) 15.6–26.3 g (Berry,
Norway rat (Rattus norvegicus) 200–510 g (Timm et al., 2011). Bird biomass was taken
n, 2008) and lazuli bunting (Passerina amoena) 15 g (Greene et al., 2014). Crickets
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3.2. Nest box use

Of the 34 nest boxes that we checked for owl activity using our
video system, 19 (55.88%) had barn owl chicks and/or adults inside
them. Fourteen of the active boxes (41.18% of all boxes checked)
contained chicks and/or eggs. The remaining five active boxes had
one or two roosting adults. One American Kestrel (Falco sparverius)
was found incubating 5 eggs in one box, but pellets were never
collected from this site, and we did not consider this box as ‘active’.
Kestrel pellets are significantly smaller than barn owl pellets. Five
of the eight boxes constructed from PVC were active, and one
contained the kestrel nest. Fourteen of the twenty-six boxes
constructed from wood were active.

3.3. Prey consumption

We detected 1044 individual prey species from 415 pellets
collected from active barn owl boxes. Mice were the most
frequently consumed prey item by barn owls (59.7% of 1,044 prey
items) and were also the most important prey by biomass (37.9% of
the total biomass of prey items; Table 1). Voles were less important
by number (27.1%) but equally important for their contribution to
biomass (37.0%). Gophers were consumed less frequently across
the whole population (5.3% of all prey items), but were an
important source of biomass (12.6%). Other prey groups identified
in pellets included birds (3.5% by number, 8.2% by biomass),
crickets (3.5% by number, 0.3% by biomass), shrews (Sorex ornatus,
3.5% by number, 0.1% by biomass), and Norway rats (Rattus
norvegicus, 0.3% by number, 3.9% by biomass; Table 1).

Voles were consumed by the greatest proportion of nests, with
evidence of voles in at least one pellet from 96% of nests. Mice were
found in 76% of nests, gophers in 64%, birds in 56%, crickets in 28%,
rats in 12%, and shrews in 2% of nests.

3.4. Habitat associations

The relative importance of gophers by number of prey items in
the diet of barn owls increased as the amount of perennial crop in
the surrounding habitat increased (t = 2.89, p = 0.009, Fig. 2), as did
the relative importance of gophers as a source of prey biomass
(t = 2.65, p = 0.02). Conversely, the relative importance of mice by
number of prey items (t = �2.66, p = 0.01) and by the biomass of
prey items (t = �2.80, p = 0.01) decreased with increasing perennial
crop (Fig. 2). Similarly, as the amount of forage crop in the
surrounding landscape increased, the relative importance of mice
in barn owl diet by prey number (t = �3.21, p = 0.004) and by
Fig. 2. Mean proportion prey items in each pellet at 24 barn owl nests that were gophers (
a 1-km radius of each nest that was used for growing perennial crops including vineyards 

gophers (solid line) and mice (dotted line) as a function of increasing perennial habita
biomass increased (t = �2.68, p = 0.01). The relative importance of
voles in the diet of barn owls was not affected by surrounding crop
type (t = �2.18, p = 0.08).

Mean vole mass for all measurable mandible lengths in our
study area was 37.36 g � 0.79 g. Voles reach adult size at a
minimum of 35 g for females (Greenwald, 1957), and 145
(60.67%) of the vole mandibles that we measured corresponded
with adult voles. Mean vole mass declined with increasing
perennial habitat in the landscape surrounding each nest
(R2 = 0.26, t = �2.75, p = 0.01), and owls foraging in habitats with
more perennial habitat were more likely to consume juvenile voles
(Fig. 3). Mean gopher mass for all measurable mandible lengths in
our study area was 63.31 g � 2.80 g. There was no clear relationship
between gopher size and the proportion of perennial habitat
surrounding nests (R2 = 0.008, t = 0.35, p = 0.73, Fig.4). Gophers
reach adult size at a minimum of 90 g for females (Daly and Patton,
1986), and only seven of the 51 mandible lengths (13.73%) that we
measured corresponded with adult gophers.

4. Discussion

Our study provides a primary example on the effects of land-use
changes within an intensive agricultural landscape on barn owl
diets, and its implications for vertebrate pest control. We show that
barn owl diet changes along a gradient of increasing orchard and
vineyard crops, which suggests that these habitats may have
tradeoffs for both pest control and barn owl breeding. Of the
1,044 prey items we identified in barn owl pellets, 99.5% were from
species that are considered agricultural pest species (Gebhardt
et al., 2011). Gophers and voles are consistently listed as key
agricultural pests across California and are estimated by farmers to
cause economic losses of over 5% in all crops, but can cause losses
as high as 8.8% (gophers) and 11.3% (voles) in alfalfa (Baldwin et al.,
2011). While mice are often considered less important pests than
gophers and voles (Baldwin et al., 2011), they can carry food-borne
pathogens that are considered a food-safety risk in fresh-to-
market crops (Kilonzo et al., 2013). Farmers targeting rodents
utilize poison baits, fumigants, traps, and/or habitat modification
to reduce pest populations on their land, although these methods
may be less effective than their costs warrant (Baldwin et al., 2011)
and can have severe ecological implications (e.g. Erickson and
Urban, 2004; Elliott et al., 2014; Gennet et al., 2013).

Barn owls in the study area are likely to occupy over half of
artificial nest boxes available to them, so installing nest boxes on
farms may therefore enhance the natural vertebrate-pest control
services provided by barn owls. With the Central Valley’s poor
grey squares) and mice (black circles) compared to the proportion of land use within
and orchards. Line shows the model predictions from linear mixed effects models for
t.



Fig. 3. The relationship between mandible length and body mass for California voles Microtus californicus based on measurements from 53 specimens in a museum collection.
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riparian health and soil quality (Young-Mathews et al., 2010) and
the increasing incidences of secondary poisonings of non-target
species (Erickson and Urban, 2004; Elliott et al., 2014; Thomas
et al., 2011), the implementation of biological control in pest
management is potentially a step toward reducing environmental
toxicants. There is growing interest from farmers toward attracting
barn owls to their properties (Van Vuren et al., 1998), therefore,
future targeted studies will need to measure whether attracting
owls can reduce the economic and ecological costs of conventional
pest management methods such as rodenticides, trapping, and
habitat modification.

Mice and California voles were the most common species found
in the barn owl pellets and there was a negative correlation
between the importance of mice in owl diets and the proportion of
perennial habitat in the surrounding landscape. Conversely, while
pocket gophers were less abundant in barn owl diets, their
importance as prey increased as the proportion of perennial
Fig. 4. The average size of vole (circles) and gopher (triangles) prey items found in the pe
and vineyards). There was a significant negative effect of proportion perennial crop on the
size of gophers (grey line, R2 = 0.008, t = 0.35, p = 0.73). Horizontal dashed lines show th
habitat increased. Perennial agriculture around the nest boxes in
this study included vineyards, nut and fruit orchards and olive
groves, which are managed differently but all consider gophers and
voles to be detrimental pests. Previous studies in California have
shown that gophers are the most abundant prey species in owl
diets (Browning et al., unpublished data; Van Vuren et al., 1998),
although these studies were centered in predominantly perennial
habitats (vineyards). We found fewer voles in the diet of owls
compared with other studies in North America, where voles
normally make up 71.2% of the total diet biomass of owls (Taylor,
1994). However, many of the studies reviewed by Taylor were not
focused on intensive agricultural systems.

This leads to further questions about why mice were so
common in owl diet within our study area and whether this trend
was due to suppressed mice populations in perennial crops or due
to barn owls in predominantly annual crops types having less
access to larger prey (gophers). Barn owls have been shown to
llets of barn owl nests surrounded by varying amounts of perennial crops (orchards
 mean size of voles (black line, R2 = 0.26, t = �2.75, p = 0.01), but no effect on the mean
e minimum adult size for voles (lower line) and gophers (upper line).



S.M. Kross et al. / Agriculture, Ecosystems and Environment 223 (2016) 167–174 173
preferentially hunt for larger prey when available (Tores et al.,
2005), but vegetation structure and ground cover can prevent owls
from accessing favored prey in some situations even when those
prey are abundant (Arlettaz et al., 2010). There are many factors
that influence the selective and opportunistic hunting behavior of
barn owls, such as prey size, time of year, habitat, and the anti-
predator strategies of potential prey (Marti et al., 2005). Pocket
gophers are fossorial herbivores and spend the majority of their
time within extensive underground burrow systems (Jones and
Baxter, 2004). In our study area row crops are ploughed annually at
a depth that would destroy most gopher tunnels and forage crops
are flooded repeatedly over the spring and summer months which
may keep gopher populations in check. We were not able to take
into account ongoing rodent control methods on our study farms,
and therefore cannot be sure that gopher numbers were not
reduced due to rodenticide applications. Competition with other
carnivores could also influence the low number of gophers found
in barn owl diets within row and forage crops in this study.
Gophers are important prey items for Swainson’s hawks (Buteo
swainsoni), Northern harriers (Circus cyaneus), and white-tailed
kites (Elanus lecurus), and are often seen hunting in Yolo County
agricultural fields (Smallwood et al., 2001).

Our study took place exclusively during the spring and summer
months, so did not capture the diet of barn owls during fall or
winter. Van Vuren et al. (1998) found that a population of barn owls
nesting in primarily vineyard-dominated landscapes in California
consumed gophers more in the spring and summer and that voles
became a more important component of barn owl diet in winter, so
it is likely that the habitat associations we found change seasonally.

5. Conclusions

For farmers to be able to take advantage of the potential pest
control benefits derived from attracting barn owls to their land, it is
important to consider the crop types around nest box sites. Here,
we demonstrated that farmers cannot rely on diet studies from
single crops to guide assumptions about the potential pest control
benefits from barn owls, since diet can change drastically across
different crops located within the same landscape. Our results
suggest that barn owls eat more gophers when their nests are
surrounded by vineyards or orchard crops. The implications for
these results for both pest control and barn owl breeding success
need further investigation, as this trend may be due to increased
gopher populations in perennial agricultural habitats, or it may be
due to increased hunting efficiency for barn owls in perennial
agricultural habitats. However, these results indicate that studies
predicting the pest-control value of predators such as barn owls
should account for variability in both prey numbers and predator
behavior across crop types, even within a small region.
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