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DIET AND FOOD-NICHE BREADTH OF
BURROWING OWLS (ATHENE CUNICULARIA)
IN THE IMPERIAL VALLEY, CALIFORNIA

Melissa M. York!3, Daniel K. Rosenberg!, and Ken K. Sturm?

ABSTRACT.—Burrowing Owls (Athene cunicularia) occupy intensively managed agricultural areas within the Imperial
Valley of California, where they occur at high densities relative to other areas in the state, and yet reproductive rates are
often low. Understanding diet and food-niche breadth may lead to insights into factors contributing to their poor repro-
ductive performance. We tested the relative contribution of sex, year, and season on diet composition and food-niche
breadth from analyses of stomach contents of adult Burrowing Owls (n = 53). Orthoptera dominated the diet; it
accounted for 58.9% of the total number of prey items in all stomachs and was found in 98.2% of all samples. Rodents, a
source of potentially limiting dietary calcium, were found in only 2 stomachs. We detected yearly and seasonal effects on
estimated food-niche breadth. Mean food niche for the breeding season was broader (antilog of Shannon’s index: 2.38 £
0.15) and more even (Pielou’s index: 0.67 £ 0.06) than for the nonbreeding season (1.83 + 0.13, 0.49 + 0.07, respectively)
partially because of a greater frequency of Araneida, Isopoda, Lepidoptera, and Solpugida in the diet during the breed-
ing season. Mean food-niche breadth for 1997 (2.25 + 0.23) was broader than during 1994, 1995, and 1996 (2.07 + 0.23,
1.98 £ 0.20, and 1.82 * 0.40, respectively) because of a greater frequency of Araneida, Dermaptera, Isopoda, Lepi-
doptera, and Solpugida. These results, and auxiliary diet information, suggest rodents were infrequent in the diet of
Burrowing Owls in the Imperial Valley and may help explain their lower reproductive success relative to other areas of

California.
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Much published information exists on food
habits of the Burrowing Owl (Athene cunicu-
laria) throughout most of its range (Thomsen
1971, Marti 1974, MacCracken et al. 1985,
Brown et al. 1986, Thompson and Anderson
1988, Barrows 1989, Schmutz et al. 1991,
Green et al. 1993, Haug et al. 1993, Plumpton
and Lutz 1993). However, all researchers
identified prey from regurgitated pellets and/
or remains found at the nest burrow. The un-
reliability of data collected from pellet analyses
is well documented (Coulombe 1971, Thom-
sen 1971, MacCracken et al. 1985, Haug et al.
1993, Plumpton and Lutz 1993). Differential
consumption of prey, decomposition rate of
remains, and age- or sex-based differences in
foraging may bias pellet collections. We had
the unique opportunity to examine stomach
contents from owls collected over both non-
breeding and breeding seasons, from 4 sepa-
rate years, and from both sexes. These owls
were collected from the Imperial Valley of
California, where little is known about the

ecology and food habits of the Burrowing Owl
(Coulombe 1971). Recent studies have sug-
gested that the Imperial Valley is unique in
that the Burrowing Owl occurs at some of the
highest densities in the state, and yet it often
has low reproductive success (Rosenberg and
Haley in press). To provide insights into the
species” reproductive biology and poor repro-
ductive performance in the Imperial Valley,
we explored variation in diet and food-niche
breadth.

A broad food niche indicates high numbers
of prey species nearly equally distributed in
the diet. Conversely, a narrow food niche indi-
cates relatively few prey species and unequal
prey distribution. Most species have broad
food niches, sacrificing efficiency in use of a
narrow range of resources (specialization) for
the ability to use a wide range of resources
(generalization). Several researchers (Gleason
and Craig 1979, Barrows 1989, Green et al.
1993, Haug et al. 1993) have suggested that
Burrowing Owls are food generalists and
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opportunists. Opportunistic predators may take
prey according to relative prey abundances
(Murdoch and Oaten 1975, Hegazi 1981, Jaksic
et al. 1981, Village 1982, Jaksic 1989, Korpimaki
1992) or may choose food items that yield the
greatest net energy (MacArthur and Pianka
1966, Pulliam 1974, Stephens and Krebs 1986,
McKnight and Hepp 1998). Food items also
may be utilized on the basis of certain limiting
nutrients (e.g., protein, calcium, sodium) nec-
essary during times of increased energetic
or nutrient requirements (Krebs et al. 1983,
Edwards 1997).

Our objectives were to estimate and com-
pare the food-niche breadth and diet composi-
tion of Burrowing Owls between sexes, sea-
sons, and years.

STUDY AREA

The U.S. Fish and Wildlife Service provided
specimens (none was killed for the study) re-
covered in 1994-1997 from an area surround-
ing an electric fence that borders the Calipa-
tria State Prison, California, about 40 km north
of the Mexico border (56 m below sea level).
Owls were inadvertently killed from the elec-
tric fence prior to modifications. The habitat is
an intensively managed agricultural matrix and
includes roads, canals, ditches, and agricultural
fields, similar to most of the agricultural areas
of the Imperial Valley (Rosenberg and Haley
in press). The temperature can reach 49°C
during the summer; average annual rainfall is
6.5 cm. Principal crops during the study were
alfalfa (Medicago sativa), Sudan grass (Sorghum
bicolor), and row crops such as onions (Allium
cepa) and sugar beets (Beta vulgaris). Burrow-
ing Owls nested on banks of the canals and
ditches.

METHODS
Diet Analyses

We assumed that our sample was represen-
tative of Burrowing Owls in the Imperial Val-
ley. The habitat in which these birds were col-
lected is almost entirely composed of agricul-
tural fields and is representative of the Imper-
ial Valley. Because Burrowing Owls in the
Imperial Valley forage up to 2 km from the
nest site during the breeding season and prob-
ably farther during the nonbreeding season
(Rosenberg and Haley in press), the foraging
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area of the owls in our sample includes an
area larger than that from which they were
collected.

Specimens with intact stomachs that were
absent of maggots and severe desiccation or
decay were included in our study. Specimens
were kept frozen at —10°C until necropsied.
Age of owls was determined by plumage char-
acteristics (Haug et al. 1993); only owls 270
days of age were used in this study. We deter-
mined sex by examining gonads and classified
specimens as breeding (March—August) or
nonbreeding (September—February) based on
collection date. Although stimuli for onset of
egg laying are unknown (Haug et al. 1993),
egg laying begins in March in hot, arid envi-
ronments (Martin 1973, Rosenberg and Haley
in press). Completion date of the breeding
season varies, although August is typically the
last month of nesting activity in this region
(Rosenberg and Haley in press).

Prey items in stomach contents were iden-
tified to order; minimum number of prey items
ingested was estimated by counting sclero-
tized fragments, including heads, mandibles,
and elytra. Although pooling prey into order
categories risks underestimating niche breadth
(Greene and Jaksic 1983), finer taxonomic res-
olution of prey was difficult because of diges-
tion and paucity of information available on
invertebrate fauna of the area. Coleoptera was
undoubtedly underestimated because the exo-
skeleton/elytra were generally in many small
pieces, making quantification of prey items
difficult. Because rodents were found infre-
quently (3.8% of all samples), they were ex-
cluded from analyses of sex, seasonal, and
annual patterns of prey order but were in-
cluded in the estimation of food-niche breadth
and evenness.

Statistical Analyses

To describe the diet and to evaluate sea-
sonal and sex changes in diet composition, we
estimated mean number of items of each prey
order per stomach for each sex, season and
year, percent of total items for each prey order,
and percent frequency of occurrence. We esti-
mated dietary diversity by calculating food-
niche breadth and dietary evenness for females
(n = 36) and males (n = 17). We calculated
breadth of food niches with the antilog of
Shannon’s index because it is readily inter-
pretable and is linearly related to the number
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of prey categories in the sample (Alatalo and
Alatalo 1977). The possible breadth of the food
niche for this sample was 1.00 to 8.00. We cal-
culated dietary evenness by using Pielou’s
(1969) index. Evenness values ranged from
0.00 to 1.00, approaching 1.00 as prey propor-
tions in the diet became equal.

To evaluate factors affecting diet composition
and food-niche breadth, we sought models to
approximate effects (Burnham and Anderson
1998) supported by our empirical data. We
used analysis of variance (SAS 1990) and
examined 10 models over 2 different response
variables, examined separately, niche breadth
and prey order. The most complex model
allowed the response variables (niche breadth
and prey order) to vary over time (by season
and year), by sex, and with an interaction
between season and sex effects. Intermediate
models included sex, season, and year; sex,
season, and sex with season interaction; sex
and season; sex and year; and season and year.
Our simplest models were 1-variable models
consisting of sex, season, year, and a null
model of only an intercept term.To evaluate all
models and to select our best approximating
model, we used the least-squares method of
Akaike’s Information Criterion with small-
sample (2nd-order) bias adjustment (AIC,)
because our sample size was small with respect
to the number of estimated effects (Burnham
and Anderson 1998). Models were ranked and
compared by use of AIC, differences (4;) and
Akaike weights (w;). AIC, differences were
calculated:

Ai = AICC) i~ mlnAIC(/

where AIC, ; is the AIC, value for the ith
model in a suite of candidate models being
compared and minAIC, is the minimum value
among those models. To interpret the relative
likelihood of a model, we calculated Akaike
weights:

exp(=0.5%4A;)
2R exp(-0.5%4A,)

i

where A; is the AIC, difference for model i
and R is the set of models. Akaike weights
sum to 1 and provide a measurement for the
“weight of evidence in favor of Model i as
being the actual best model” (Burnham and
Anderson 1998). It follows that the larger the
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A;, the smaller w; will be and the less plausi-
ble is Model i as being the best model. Situa-
tions arose where several models were
weighted similarly; all models within a relative
likelihood of 2 of the best model were consid-
ered in making inferences. All values reported
in the Results section are X + s.

ResuLrs
Diet Composition

Araneida, Coleoptera, Dermaptera, Isopoda,
Lepidoptera, Orthoptera, Rodentia, and Sol-
pugida were identified in the diet. The aver-
age number of individual prey items per stom-
ach was 46.8 * 3.5; one breeding-season male
had 113 individual prey items in its stomach.
A breeding female with an egg almost fully
developed in the oviduct had only mollusk
shells, white pebbles, rodent bones, and Cole-
optera chitin in its stomach.

Orthoptera was the dominant prey order
based on prey numbers and frequency of
occurrence (Table 1). Frequency of occurrence
of Coleoptera, Dermaptera, and Solpugida
was high, but number of individuals per stom-
ach was low (Table 1). Rodentia and Isopoda
were rare in the diet by both number and fre-
quency of occurrence (Table 1).

The weights of several models were ex-
tremely close for both Isopoda (w = 0.11-
0.25) and Solpugida (w = 0.15-0.31), indicat-
ing no best approximating model for these
2 orders. However, the null model for these
2 orders was not heavily weighted (Isopoda:
w = 0.01, Solpugida: w = 0.00). The models
with the greatest weight included sex and year
effects for Isopoda and season and year effects
for Solpugida. A greater number of Isopoda
were consumed by males, and Solpugida was
taken more during the breeding season; a
greater number of both were consumed dur-
ing a single year (Table 2). The models of sex
and year, and sex, season, and year, were heav-
ily weighted for Araneida (w = 0.38 and 0.24,
respectively) and Dermaptera (w = 0.45 and
0.20, respectively). Males consumed a greater
number of Araneida and Dermaptera than
females, a greater number of both were con-
sumed during the breeding season, and a
greater number were consumed during a sin-
gle year (Table 2). Consumption of Coleoptera
and Lepidoptera was most affected by season
and year (Coleoptera: w = 0.38; Lepidoptera:
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TaBLE 1. Composition of Burrowing Owl stomach contents (n = 53) collected in the Imperial Valley, California,

1994-1997.
Number/stomacha % of Frequency of

Prey order X Esp Range totalP occurrence (%)¢
Araneida 1.2+0.5 0-21 4.9 31.5
Coleoptera 2.0+0.6 0-25 8.2 51.9
Dermaptera 25107 0-26 10.6 64.8
Isopoda 0.6x£0.6 0-32 2.5 3.7
Lepidoptera 14+06 29 5.7 14.8
Orthoptera 13.9+2.3 -55 58.9 98.2
Rodentia 0.04 £0.03 -1 0.2 3.7
Solipugida 2.1+£0.9 -5 9.1 40.7

aNumber of individuals of each taxa counted in Burrowing Owl stomachs.

bPercent composition of the diet for each taxa, estimated as xy/x * 100, where x; is the number of individuals of the ith prey order and x is the total number of

prey for all orders.
¢Percent of stomachs in which we found >1 individual of the given prey order.

TABLE 2. Mean number (¥

* s5) of prey items per stomach for the Burrowing Owl, Imperial Valley, California,

1994-1997.
Prey order
Effect n Araneida  Coleoptera Dermaptera  Isopoda  Lepidoptera Orthoptera  Solipugida
Sex
female 36  0.61%+0.21 1.72+£0.72 1.74 £ 0.40 0.03£0.03 0.17£0.06 11.33+244 2.76%1.24
male 17 241+£1.34 2.65 £ 0.93 4.09+1.83 1.88+1.88 0.12+0.08 19.21%£5.03 0.82+0.29
Season
breeding 20  2.15+1.06 3.10£0.81 2.60 = 1.29 1.60+1.60 3.65+1.60 15.10+4.17 4.43+2.11
nonbreeding 33  0.61%£0.35 1.36 £ 0.76 2.42+0.72 0.03£0.03 006006 13.11+2.82 0.76%0.35
Year
1994 12 1.67+£0.96 0.50£0.19 1.50 £ 0.61 0.08 £0.08 0 9.38+3.21 1.58+0.93
1995 20  0.25%0.12 2.95+1.31 1.95+0.61 0 050041 13.30%£4.35 0.55%£0.22
1996 4 0 1.25+0.48 1.50 £ 0.74 0 0 20.75+7.64 1.00+0.71
1997 17 224+123 2.18 £0.84 4.06 £ 1.84 1.88+1.88 3.82+1.84 16.06+4.41 4.68+2.49

w = 0.57), with a greater number consumed
during the breeding season, and with a single
year of high consumption (Table 2). Consump-
tion of Orthoptera was affected by sex and
year (w = 0.49), with a greater number con-
sumed by males and during a single year
(Table 2).

Food-Niche Breadth

Food-niche breadth was narrow and uneven,
demonstrating selection for a few taxa (Table
3). Although the model with season and year
effects was selected as the best approximating
model based on Akaike weights (w = 0.45), it
was less than twice as likely as the next best
model of sex and season effects (w = 0.26).
Food-niche breadth tended to be broadest
during the breeding season and during a sin-
gle year and was slightly broader for males
than for females (Table 3). Although model
selection evidence did not support a sex with
season interaction model (w = 0.03 to 0.05),

estimates of the mean were suggestive of a
small effect. Males tended to have a slightly
broader food niche during the breeding sea-
son (2.75 £ 0.33, n = 6) than females (2.33
0.24, n = 14), and the sexes had similar food-
niche breadths during the nonbreeding season
(1.77 £ 0.24 for n = 11 males and 1.88 £ 0.17
for n = 22 females).

Di1scUsSION
Diet Composition

The dominance of Orthoptera in the diet of
Burrowing Owls in the Imperial Valley was
maintained regardless of season or year or
consumption of alternative prey types. Jaksic
(1989) suggests that opportunistic predators
may show a disproportionately large consump-
tion of most abundant prey after a search
image has been formed. The conditions neces-
sary for ideal Orthoptera habitat, including
warm, dry surroundings with plenty of green
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TABLE 3. Food-niche breadth and evenness of the Burrowing Owl, Imperial Valley, California, 1994-1997.

Food-niche breadth Evenness

n X Es;g Range X £ Range
Overall 53 2.07+0.19 1.00-3.93 0.56 £ 0.05 0-1.00
Females 36 2.05+0.14 1.00-3.78 0.55+0.05 0-1.00
Males 17 2.12+0.22 1.00-3.93 0.58 £ 0.05 0-1.00
Breeding season 20 2.45+0.19 1.00-3.93 0.67 £ 0.06 0-1.00
Nonbreeding season 33 1.84+0.14 1.00-3.66 0.49+0.07 0-1.00
1994 12 2.07+£0.23 1.00-3.66 0.64 £0.10 0-1.00
1995 20 1.98 £0.20 1.00-3.62 0.54+0.09 0-1.00
1996 4 1.82 +£0.40 1.00-2.62 0.38+0.17 0-0.70
1997 17 2.251+0.23 1.00-3.93 0.56 £ 0.08 0-0.97

food, bare ground, and water (Dempster
1963), are met in the Imperial Valley agricul-
tural matrix. With year-round irrigation and
growth of crop plants, Orthoptera could repro-
duce all year. We observed dense populations
of Orthoptera that served as a continual prey
base for the Burrowing Owl.

Rodents represented only 0.2% of the total
prey found in stomachs from this study and
were the only vertebrates identified in the
diet. In comparison, rodents and other verte-
brate prey from previous studies represented
8% (Marti 1974, Colorado), 10% (Green et al.
1993, Oregon and Washington), 14% (Brown
et al. 1986, Oregon), 20% (Jaksic and Marti
1981, Chile), 30% (Jaksic and Marti 1981, Cal-
ifornia), 35% (Schmutz et al. 1991, Alberta),
41% (Thomsen 1971, California), and 52%
(Plumpton and Lutz 1993, Colorado) of the
total prey. The difference in the proportion of
vertebrate prey apparent between this study
and previous studies may be partially accounted
for by sampling methods, i.e., regurgitated
pellets and stomach contents. Smaller and/or
more easily digestible prey items could be dis-
covered in stomach contents and overlooked
or not discovered in regurgitated pellets. Past
researchers (Jaksic and Marti 1981, Green et
al. 1993) have concluded that the greater pro-
portion of vertebrate prey reflects differential
prey availability. We also attribute the low fre-
quency of rodents in the diet and the differ-
ences between the Imperial Valley diet and
other diets to differential prey availability, which
is affected by habitat and weather differences.
The only time rodents seemed to contribute
more to the diet than revealed by our stomach
analyses was after a field burn when we ob-
served a greater accumulation of rodent remains

around owl burrows (Rosenberg and Haley in
press). Additionally, owls responded much
quicker to our traps that use mice (Mus mus-
culus) as an attractant than at any of our other
study sites in California (Rosenberg personal
observation). This suggests that Burrowing
Owls consume this larger, calcium- and pro-
tein-rich prey item when it is available to
them. The year-round cultivation and flood
method of irrigation is probably inhospitable
to rodents, maintaining populations to a pre-
sumably low density.

Calcium is an essential nutrient for birds
and is especially limiting for egg-laying females
and growing young (St. Louis and Breebaart
1991). Birds that normally consume calcium-
deficient diets, such as those containing insects,
often augment dietary calcium by selectively
consuming items rich in this element during
times of greater physiological need (St. Louis
and Breebaart 1991). The presence of calcium-
rich food items in the stomach of one breeding
female supports the hypothesis that female
Burrowing Owls seek calcium-rich items dur-
ing egg laying in the Imperial Valley. These
calcium-rich items, such as mollusk shells,
may be difficult to locate, causing eggs with
thin shells to be laid. However, eggshell thick-
ness of Burrowing Owls in the Imperial Valley
is similar to that of other California popula-
tions (Gervais et al. 2000), suggesting that cal-
cium may not be limiting. St. Louis and Bree-
baart (1991) suggested that when dietary cal-
cium is insufficient, birds produce smaller
clutches. The scarcity of rodents and other
calcium-rich food items in the diet and the
smaller average clutch size relative to other
California populations (Rosenberg and Haley
in press) leads us to hypothesize that calcium
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is a limiting factor for Burrowing Owls in the
Imperial Valley, thus affecting clutch size and
reproductive rates. A recent study by Haley
(2002) lends support to this hypothesis; Bur-
rowing Owl productivity in the Imperial Val-
ley is greater when the diet is supplemented
with rodents. These results may also support
an alternative protein-limitation hypothesis.
Recent literature suggests that clutch and egg
size may be greater for protein-supplemented
females (Williams 1996, Nager et al. 1997).

Food-Niche Breadth

A mnarrow food niche is expected for the
Burrowing Owl; the small body size of this
predator, 150 gm (Haug et al. 1993), suggests
that they are not capable of consuming a large
array of prey types and sizes (Barclay and
Brigham 1991, Marti et al. 1993). We expected
seasonal and year-to-year variation in the diet
because of changing seasonal energy needs
and because of differential prey availability,
palatability, accessibility, and profitability (Tome
1994, Smith and Remington 1996). Because
opportunistic predators may select prey rela-
tive to prey abundance, we expected food
niches to broaden during the breeding season
when more prey species are likely available
and more abundant. We also expected food-
niche to broaden during the breeding season
because, as speculated by Smith and Reming-
ton (1996), individuals may decrease prey
selectivity when they experience elevated
requirements such as those imposed on adult
birds during egg production and chick rearing.
We predicted food niches would narrow dur-
ing the nonbreeding season when fewer prey
species are likely available and when con-
sumers do not need to meet nutrient and
energetic requirements of raising offspring.
We predicted a broader food niche for males
than for females during the breeding season
when females remain close to the nest to care
for young (Haug et al. 1993). Males forage far-
ther from the nest (Thompson and Anderson
1988), potentially encountering a wider vari-
ety of prey species. Although the male brings
food to the female, it is likely less diverse than
what he encounters. We expected similar food-
niche breadth between sexes of this monomor-
phic species during the nonbreeding season
when females are not caring for eggs or young
and are free to forage farther from the nest for
longer periods of time.
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Consistent with our expectations, we de-
tected strong seasonal and yearly effects on
food-niche breadth, and a competing model
indicated a sex effect. Burrowing owls con-
sumed a greater diversity of prey, especially
Araneida, Isopoda, Lepidoptera, and Solpugida,
during the breeding season and during 1997.
The seasonal and yearly variations in the diet
that we detected were presumably because
of differential annual and seasonal prey avail-
ability, palatability, accessibility, and profitabil-
ity. However, in the absence of prey abundance
data, we cannot make any conclusions regard-
ing the mechanisms that led to temporal varia-
tion.

Males are known to provide food to females
and offspring during the breeding season
(Haug et al. 1993), thus foraging farther from
the nest and for longer periods of time than
females. During the nonbreeding season, both
sexes can potentially forage equal distances
and for equal time periods. We expected food-
niche breadth to be broader for males than
females during the breeding season and to be
similar for the sexes during the nonbreeding
season. Our results were consistent with this
prediction; however, given the sample sizes,
the evidence was not strong. Regardless of
season, we found evidence that males had a
broader niche breadth than females. Males
consumed a greater number of Araneida,
Coleoptera, Dermaptera, Isopoda, and Orthop-
tera than females. Differences in food-niche
breadth between the sexes of birds is mainly
because of sexual size dimorphism (Selander
1966, Storer 1966, Earhart and Johnson 1970,
Halley and Gjershaug 1998). However, Bur-
rowing Owls are monomorphic (Earhart and
Johnson 1970) or only slightly dimorphic
(Plumpton and Lutz 1994) in body size, sug-
gesting that factors other than body size are
responsible for the difference in food-niche
breadth observed. Although we do not know
the mechanism for broader food-niche breadth
in males, we speculate that males acquire a
broader array of search images from the
greater time spent foraging during the breed-
ing season, allowing them to key in on a greater
variety of prey types year-round than females.

CONCLUSIONS

We suggest the reason for low rodent num-
bers and dominance of Orthoptera in the diet,
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the primary difference between the diet of
Burrowing Owls in the Imperial Valley and
the diet at other sites in California (Rosenberg
and Haley in press) and elsewhere (Haug et al.
1993), is low availability of rodents, rather
than preference for Orthoptera. Orthoptera
are abundant year-round in the Imperial Val-
ley (K. Sturm personal observation) and may
explain the high density of Burrowing Owls
reported by Rosenberg and Haley (in press).
This prey source may be sufficient to maintain
a high density of Burrowing Owls, but insuffi-
cient in quality to permit high per capita
reproductive success. In particular, clutch size
may be limited by the per capita availability of
energy or nutrients, such as protein (Williams
1996, Nager et al. 1997). A high density of owls
may influence the per capita availability of
these resources through competition. We sug-
gest that per capita prey resources may be
limiting the reproductive success of Burrow-
ing Owls in the Imperial Valley. Research on
the abundance, availability, and nutrient qual-
ity of prey would allow a more thorough under-
standing of the foraging ecology of Burrowing
Owls and of the relationship between diet and
demographic characteristics.
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