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REGIONAL AND SEASONAL DIET OF THE WESTERN 
BURROWING OWL IN SOUTH CENTRAL NEVADA 

Derek B. Hall1»3, Paul D. Greger1, and Jeffrey R. Rosier2'4 

Abstract. - We examined diets of Western Burrowing Owls {Athene cunieularia hypugaea) based on contents of pellets 
and large prey remains collected year-round at burrows in each of the 3 regions in south central Nevada (Mojave 
Desert, Great Basin Desert, and Transition region). The most common prey items, based ort percent frequency of occur- 
rence, were crickets and grasshoppers, beetles, rodents, sun spiders, and scorpions. The most common vertebrate prey 
was kangaroo rats ( Dipodomys spp.). True bugs (Hemiptera), scorpions, and western harvest mice ( Reithrodontomys 
megalotis) occurred most frequently in pellets from the Great Basin Desert region. Kangaroo rats ( Dipodomys spp.) and 
pocket mice (Perognathinae) were the most important vertebrate prey items in the Transition and Mojave Desert 
regions, respectively. Frequency of occurrence of any invertebrate prey was high (>,80%) in samples year-round but 
dropped in winter samples, with scorpions and sun spiders exhibiting the steepest declines. Frequency of occurrence of 
any vertebrate prey peaked in spring samples, was intermediate for winter and summer samples, and was lowest in fall 
samples. With the possible exception of selecting for western harvest mice in the Great Basin Desert region, Western 
Burrowing Owls in our study appeared to be opportunistic foragers with a generalist feeding strategy. 

Key words: Athene cunicularia hypugaea, Western Burrowing Owl, diet, Great Basin Desert, Mojave Desert, prey 
selection. 

DOE/NV/25946-203 

The Western Burrowing Owl {Athene cunic- 
ularia hypugaea) is declining throughout much 
of its range and is currently çonsidered a 
national bird of conservation concern by the 
U.S. Fish and Wildlife Service (Klute et al. 
2003). Knowledge of the Burrowing Owl's diet 
is important for the conservation of this species 
because it enables managers to evaluate how 
land management activities influence prey that 
are most important to the owl. While many 
researchers have investigated the diet of the 
Burrowing Owl (Maser et al. 1971, Smith and 
Murphy 1973, Gleason and Craig 1979, Bar- 
rows 1989, Green et al. 1993, Haug et al. 1993, 
Plumpton and Lutz 1993, York et al. 2002, 
Rosenberg and Haley 2004, Moulton et al. 
2005), few have conducted studies in arid desert 
regions (Glover 1953, Brown et al. 1986, Bar- 
rows 1989). Additionally, we are aware of only 
4 studies in which investigators examined the 
year-round diet of the Burrowing Owl (Maser 
et al. 1971, Thomsen 1971, Butts 1973, Tyler 
1983). Herein we examine year-round diets of 

Burrowing Owls in 3 different regions in south 
central Nevada. 

Study Area 

Our 3 study areas were located on the 
Nevada Test Site (NTS), a 3561-km2 area in 
south central Nevada administered by the U.S. 
Department of Energy, National Nuclear Secu- 
rity Administration (Fig. 1). Despite drastic 
changes to localized areas of the NTS due to 
nuclear testing activities, approximately 93% 
of the NTS remains relatively pristine and 
undisturbed (U.S. Department of Energy 1996). 
The NTS has a climate characteristic of high 
deserts, with little precipitation, hot summers, 
mild winters, and high circadian variation in 
temperature ranges. Monthly average temper- 
atures range from 7 °C in January to 32 °C in 
July, and average annual precipitation ranges 
from 15 cm at the low elevations to 23 cm at 
the high elevations (U.S. Department of 
Energy 1996). Most precipitation occurs from 
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Fig. 1. Geographic location, regional boundaries, and Western .Burrowing Owl diet sampling locations on the Nevada 
Test Site, south central Nevada (see inset). 

December to March in the form of rain or 
snow, with less rain occurring in July and 
August. Elevations on the NTS range from 
823 m to 2341 m above sea level. 

The NTS is located in an area of southern 
Nevada that lies between the Great Basin 
Desert and the Mojave Desert as defined by 
Jaeger (1957). Transitional areas between the 2 
deserts are also present, having been created 
by gradients in precipitation, elevation, tem- 

perature, and soils. Based on differences in 
climate and vegetation, Ostler et al. (2000) 
recognized 3 distinct vegetation regions on 
the NTS: the Great Basin Desert, Mojave 
Desert, and Transition regions (Fig. 1). The 
Great Basin Desert is a comparatively cold 
desert with dominant plant species consisting 
of sagebrush species (Artemisia spp.), single- 
leaf piny on (Finns monophylla), and Utah 
juniper (Juniperus osteosperma). The Mojave 
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Table 1. Percent (%) frequency of occurrence of prey items by region and all regions combined, 1997-2000 (n = 
number of samples with numbers of pellets in parentheses). 

Great Basin Mojave Transition Regions combined 
Taxon n = 58 (339) n = 43 (162) n = 191 (1130) n = 292 (1631) 
Invertebrates 

Insects 
Crickets / grasshoppers 79 95 86 86 
Beetles 86 72 82 82 
True bugs 29 0 4 8 

Arachnids 
Spiders 21 16 26 23 
Scorpions 78 58 46 54 
Sun spiders (wind scorpions) 76 77 61 66 

Centipedes 2 0 1.1 
Any invertebrate 93 95 96 95 

Vertebrates 
Reptiles 28 16 7 13 
Birds 0 7 6 5 
Mammals 

Shrews 2 0 11 
Pocket mice 7 40 16 18 
Kangaroo mice 0 0 4 3 
Kangaroo rats 26 16 40 34 
Thomomys hottae 3 12 13 11 
Reithrodontomys megalotis 35 0 6 11 
White-footed mice 28 9 12 14 
Lemmiscus curtatus 0 0 2 1 
Unidentified rodents 38 26 26 28 
Rabbit 2 0 11 
Any rodent 74 63 59 63 

Any vertebrate 79 70 62 67 

Desert is a hot desert, with dominant plant 
species being creosote bush ( Larrea tridentata) 
and white bursage (Ambrosia dumosa). The 
Transition region is transitional between the 
Great Basin and Mojave Desert regions, with 
dominant plant species consisting of black- 
brush ( Coleogyne ramosissima), Nevada joint- 
fir (. Ephedra nevadensis ), and burrobrush 
(Hymenoclea salsola). 

Methods 

We monitored numerous Burrowing Owl 
burrow sites in 3 regions of the NTS at least 
monthly from November 1997 to April 1998 
and from November 1998 to July 2000. Not all 
burrow sites were monitored through the entire 
time, because new burrow sites were found as 
the study progressed. Pellets and large prey 
remains (i.e., no invertebrate parts or small 
bones) were collected opportunistically when 
we visited burrow sites, and no attempt was 
made to collect equal numbers of samples per 
region or season. Pellets that had crumbled or 
appeared old, as though they had been cleaned 
out from the burrow, were not collected. All 

pellets and prey remains collected from a bur- 
row site on a given date constituted a sample 
and were placed into a plastic bag and labeled 
with the date, location, and number of pellets 
collected. 

Pellets were teased apart and analyzed 
according to methods adapted from Maser and 
Brodie (1966). We used dichotomous keys (Hall 
1995, Verts and Carraway 1998) or comparison 
with specimens at the Oregon State Univer- 
sity museum collection to identify rodents to 
the lowest taxon possible. The same person 
analyzed all pellets to ensure consistency in 
identification. Unidentifiable rodent fragments 
were placed into a separate category called 
"unidentified rodents." All other vertebrates 
and invertebrates were identified to order or 
class. For seasonal analysis, we subdivided the 
samples into 4 seasonal periods as follows: fall, 
September-November; winter, December- 
February; spring, March-May; and summer, 
June-August. Percent frequency of occurrence 
for each taxon was calculated for each ecore- 
gion and season by dividing the number of 
samples with a given taxon present in the sam- 
ple by the total number of samples for a given 
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Table 2. Percent (%) frequency of occurrence of prey items by season, 1997-2000 (n = number of samples with num- 
bers of pellets in parentheses). 

Summer 
Fall (Sep-Nov) Winter (Dec-Feb) Spring (Mar-May) (Jun-Aug) 

Taxon n = 41 (213) n = 66 (186) n = 117 (806) n = 68 (426) 
Invertebrates 

Insects 
Crickets / grasshoppers 95 70 88 93 
Beetles 93 74 86 77 
True bugs 5 0 12 12 

Arachnids 
Spiders 24 15 27 24 
Scorpions 63 20 58 75 
Sun spiders (wind scorpions) 73 33 70 87 

Centipedes 0 0 2 0 
Any invertebrate 100 83 99 97 

Vertebrates 
Reptiles 0 0 16 27 
Birds 10 6 4 2 
Mammals 

Shrews 0 0 12 
Pocket mice 2 15 27 13 
Kangaroo mice 0 5 3 3 
Kangaroo rats 10 24 50 29 
Thomomys bottae 0 0 17 16 
Reithrodontomys megalotis 5 15 13 7 
White-footed mice 2 21 14 16 
Lemrniscus curtatus 0 0 13 
Unidentified rodents 20 33 30 25 
Rabbit 0 0 10 
Any rodent 27 62 76 62 

Any vertebrate 34 67 79 66 

ecoregion or season and multiplying the quo- 
tient by 100. 

Results 

A total of 292 samples consisting of 1631 
pellets were collected from 29 burrow sites in 
the Transition region, 7 in the Great Basin 
Desert region, and 11 in the Mojave Desert 
region of the NTS (Fig. 1). The average num- 
ber of pellets per sample was 5.6 (s = 5.8, 
range 1-38). We identified 7 taxa of inverte- 
brates and 11 taxa of vertebrates. We also des- 
ignated a category for unidentified rodents 
(Table 1). Most prey items were found in pel- 
lets. Fifteen prey remains were collected, and 
only 10 of these were identified. They included 
a pocket gopher skull, 2 kangaroo rat tails, 2 
rodent tails, a rabbit foot, a snake, 2 beetles, 
and a centipede. 

Across all regions, crickets and grasshoppers 
(Orthoptera), beetles (Coleoptera), sun spiders 
(Solpugida), rodents, and scorpions were the 
most common prey items found, each occur- 
ring in more than half of the samples. Kangaroo 

rats ( Dipodomys spp.) were the most com- 
mon rodent found in the samples (Table 1). 
The data also reveal important differences in 
food habits among ecoregions, with percent 
frequency of occurrence for true bugs (Hemi- 
ptera), scorpions, and western harvest mice 
(. Reithrodontomys megalotis) being higher in 
the Great Basin Desert region than in the 
Transition or Mojave Desert regions. Pocket 
mice (Perognathinae) and kangaroo rats are 
the most important vertebrate prey items in 
the Mojave Desert and Transition regions, 
respectively, while kangaroo rats, western har- 
vest mice, and white-footed mice (Peromyscus 
spp.) were all important prey items in the 
Great Basin Desert region (Table 1). 

Based on the number of taxa, the diet was 
most diverse in the Transition region (19 taxa) 
and least diverse in the Mojave Desert (12 
taxa). True bugs, centipedes (Chilopoda), shrews 
(Soricidae), kangaroo mice (Microdipodops 
spp.), western harvest mice, sagebrush voles 
(Lemrniscus curtatus ), and rabbits (Lagomor- 
pha) were absent in samples from the Mojave 
Desert region, while birds, kangaroo mice, 
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and sagebrush voles were absent in samples 
from the Great Basin Desert (Table 1). 

Frequency of occurrence of any invertebrate 
prey was high (>80%) in samples year-round 
but dropped in winter samples, with scorpions 
and sun spiders exhibiting the steepest declines. 
Frequency of occurrence of any vertebrate 
prey peaked in spring samples, was intermedi- 
ate for winter and summer samples, and was 
lowest in fall samples. Frequency of occur- 
rence of kangaroo rats peaked during spring. 
Reptiles, shrews, Botta's pocket gophers ( Tho - 
momys bottae), and sagebrush voles were not 
detected in samples collected during fall or 
winter but were detected in samples collected 
during spring and summer (Table 2). 

Discussion 

Diets of Burrowing Owls on the NTS were 
similar to diets of Burrowing Owls in other 
parts of their range except that sun spiders, 
which are a dominant prey item on the NTS, 
are less common in diets elsewhere. Only 
Gleason and Craig (1979), Green et al. (1993), 
Rosenberg and Haley (2004), York et al. (2002), 
and Moulton et al. (2005) documented sun spi- 
ders as prey items, and none of these reported 
frequency values for sun spiders as high as the 
values in our study. Bond (1942) found that 
spadefoot toads ( Scaphiopus intermontana) were 
a dominant prey item in 12 pellets collected in 
western Nevada, with lesser amounts of insects 
(mainly beetles and ants), as well as rodents, a 
snake, a rabbit, and a scorpion. Spadefoot toads 
are not known to occur on the NTS (Wills and 
Ostler 2001), and none were found in our sam- 
ples. The taxa in our samples from the Mojave 
Desert were similar to those in samples col- 
lected in the Colorado Desert by Barrows 
(1989), but the frequency of occurrence of in- 
dividual taxa was usually higher in our samples 
than in Barrows' samples. For example, Barrows 
(1989:8) detected scorpions in 6%, rodents in 
31%, and invertebrates in 67% of his samples, 
whereas we detected these in 58%, 63%, and 
95% of our samples, respectively. 

Owl diets often differ greatly both within and 
among regions, depending on local and regional 
variation in the abundance and distribution of 
different types of prey (Marti 1974, Forsman 
et al. 2004). Although we did not collect data 
on prey abundance in our study areas, previ- 
ous trapping studies near our study area indi- 

cated that the number of rodent species was 
higher in the Great Basin Desert than in the 
Mojave Desert and Transition regions (Bradley 
and Moor 1978, Moor and Bradley 1985). This 
could explain why, in our study, Burrowing 
Owls in the Great Basin Desert utilized a 
broader range of rodent prey than owls in the 
Mojave Desert or Transition region. Also, the 
list of rodent species taken by owls in our 
study was the same as the list of rodents cap- 
tured in the earlier trapping studies except 
that western harvest mice, which occurred in 
35% of samples from the Great Basin Desert 
region, were not captured in the trapping 
studies (Bradley and Moor 1978, Moor and 
Bradley 1985). Possible explanations include a 
marked increase in the abundance of western 
harvest mice in this area during the time of 
our study compared to other studies or a 
potential preference by the Burrowing Owls 
for this prey item. Small mammal trapping 
near Burrowing Owl burrows in the Great 
Basin Desert region during 2006 detected 1 
western harvest mouse out of 169 captures 
(0.6%) suggesting that this species is not abun- 
dant in this region or that it may just be diffi- 
cult to capture. However, small mammal trap- 
ping in other areas of the NTS during 2006 
resulted in several captures of western harvest 
mice, particularly around water sources 
(National Security Technologies LLC 2007), 
which do not occur near (i.e., <5.0 km from) 
Burrowing Owl burrows. In contrast to our 
findings, Maser et al. (1971) documented few 
western harvest mice in pellets from Oregon, 
even though harvest mice were relatively 
common in their study area. They hypothe- 
sized that the small size of the mouse, its quick 
movements, and its affinity to cover would 
make them difficult to capture. 

During an 8-year period (1987-1994), 
Saethre (1995) found that M er riam' s kangaroo 
rat (. Dipodomys merriami ) was the most abun- 
dant rodent on disturbed areas in the Transi- 
tion region. Most of the burrow sites where 
samples were collected in the Transition region 
were on disturbed sites. This suggests that the 
prevalence of kangaroo rats in diets of Bur- 
rowing Owls in samples from the Transition 
region reflects an opportunistic response to 
prey abundance as opposed to selection for a 
certain rodent species. 

In our study, invertebrates were a very fre- 
quent part of the Burrowing Owl diet in all 
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regions and seasons, with lower values during 
winter than during other seasons. This pattern 
follows the pattern of relative availability of 
most invertebrates, which is generally lowest 
during the colder winter months. Barnum 
(1964) determined that crickets and grasshop- 
pers on the NTS were found mostly during 
March through November. Gertsch and Allred 
(1965) studied scorpions on the NTS and found 
that they were nocturnal and most active be- 
tween June and September with the highest 
population peaks in July and August. Similarly, 
our data show a pattern of high occurrence of 
scorpions in samples collected during summer, 
intermediate occurrence in fall and spring, 
and lowest occurrence in winter. Muma (1963) 
studied sun spiders on the NTS and deter- 
mined that they were nocturnal, cursorial 
predators and that most adults were collected 
during spring and summer. In our samples, 
the frequency of occurrence of sun spiders 
was highest in summer, intermediate in fall 
and spring, and lowest in winter. 

On the NTS, vertebrates occurred less fre- 
quently in samples than invertebrates did, but 
because of their greater biomass, vertebrates 
are likely the most important component of 
the Burrowing Owl diet. In a study of foraging 
behaviors of nesting Burrowing Owls in Sas- 
katchewan, Canada, Poulin and Todd (2006) 
found that despite overwhelming numbers of 
insects being captured, >90% of the prey bio- 
mass was from vertebrates. Kangaroo rats 
appear to be especially important prey during 
the spring when Burrowing Owls on our study 
area are reproducing. In fact, the frequency of 
occurrence of any vertebrate peaks in spring, 
which may be due to increased vertebrate 
availability (e.g., young rodents) or increased 
energetic demands of reproducing owls. Why 
vertebrate values drop so low during fall is not 
clearly understood. Reduced reptile activity 
partially explains the drop, but other factors 
(e.g., hunting proficiency of recently fledged 
young, decreased energetic demands of non- 
reproductive owls) are probably involved as 
well. 

Based on the activity patterns of their dom- 
inant prey, Burrowing Owls on the NTS for- 
age primarily for insects during the day and for 
rodents, sun spiders, and scorpions between 
dusk and dawn. Activity data and photographs 
taken with Trail M as ter® camera systems (Hall 
et al. 2003) confirm prey deliveries throughout 

the night. Likewise, Marti (1974) observed 
Burrowing Owls capturing only insects during 
daylight hours and suggested that most verte- 
brates must have been captured when light 
levels were low. Haug and Oliphant (1990) 
observed Burrowing Owls foraging for insects 
during the day but never saw them foraging 
for or carrying small mammals during the day. 
Poulin and Todd (2006) used infrared cameras 
to record prey deliveries and concluded that 
"insects were consistently delivered at the 
highest rate during the day and vertebrates 
were consistently delivered at the highest 
rates during the dusk and dawn periods." 

Numerous researchers (e.g., Coulombe 1971, 
Thomsen 1971, Haug 1985, MacCracken et al. 
1985, Plumpton and Lutz 1993, and York et al. 
2002) have pointed out that pellet analysis does 
not always provide a true picture of every- 
thing Burrowing Owls eat, because prey are 
consumed and digested differently, pellets 
decompose at different rates, and age- or sex- 
based differences in foraging may bias pellet 
analysis results. Thus, some prey items may be 
missed or undercounted, especially soft items 
that are completely digested. Grant (1965) 
observed Burrowing Owls catching at least as 
many amphibians as mammals, but he only 
found mammal remains in pellets. Plumpton 
and Lutz (1993) suggest that, in addition to 
pellets, prey items found at burrows should be 
documented to give a truer picture of Burrow- 
ing Owl diet. We collected and analyzed both 
pellets and large prey remains, and we recog- 
nize that some prey items may have been 
missed, especially small species that are diffi- 
cult to see. More thorough collections of prey 
remains, including invertebrate parts and small 
bones, may have added additional prey items 
and probably would have changed frequency 
values for some prey items. Several times we 
noticed scorpion tails or sun spider parts on 
the burrow apron, but we did not collect them. 
Relatively new techniques such as remote 
videography (Lewis et al. 2004) or infrared 
cameras (Poulin and Todd 2006) have been 
used to describe prey deliveries to northern 
goshawk (Accipiter gentilis) and Burrowing 
Owl nests, respectively. However, more stud- 
ies are needed to compare results from Bur- 
rowing Owl diets determined from indirect 
methods (i.e., pellet analysis, collections of 
prey remains) and direct methods (i.e., video 
monitoring, visual observations at nests) to 
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evaluate the accuracy and cost-effectiveness of 
each method. 
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