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ABSTRACT 

We studied the diet of the burrowing owl (Speotyto cunicularia) during the breeding season 
in south-central Montana from 1990 to 1992 One thousand. eight hundred, ninety-six 
pellets, and various prey remains yielded 2497 prey items or these, 72.2 percent 
were small mammals with prairie voles (Microtus ochrogaster) most dominant. Mice 
(Peromyscus spp.) were the second most numerous prey eaten. Insects were difficult to 
quantify from pellets and likely were under-represented in the sample. few amphibians 
and birds were eaten. Prey ranged in size from < 1 -g insects, to 104-g northern 
pocket gophers (Thomomys, talpoides) with most vertebrate prey weighing about 35 g. 
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INTRODUCTION 

The burrowing owl (Speotyto 

cunirnlaria) is widely distributed in dry 

prairie grasslands, steppes, deserts, and 

some agricultural areas throughout North 

America (Haug et al. 1993, Holt et al. 1999). 

Its breeding season diet has been well 

documented in the prairies of the United 

States and Canada, e.g., orth Dakota 

(Konrad and Gilmer 1984), Oregon 

(Gleason and Craig 1979), South Dakota 

(McCracken et al. 1985), Wyoming 

(Thompson and Anderson 1988), and 

Saskatchewan (Haug 1985). Prior to our 

study we found no comparable data for 

Montana although a recent study conducted 

over a single breeding season in 1998 

(Resta111 et al. in press) provided some 

comparative information. 

Throughout much of its range in North 

Amenca, burrowing owl populations appear 

to be 111 decline although specific reasons 

remain unknown ( Haug et al. 1993, Holt et 

al. 1999). Collectively, a number of factors 

that may have contributed to this decline 

have been offered (Grant 1965, Coulombe 

1971, Thomsen 1971, Zam 1974, 

Wedg\\.ood 1978, Collins 1979, James ct al. 

1997, Schmutz 1991, Haug ct al. I 993 ). 

These include: conversion of nati\c habitat 

to agriculture and human habitation; 

extermination of fossorial mammals that 

provide prey and nest sites; pest1c1des, 

mining; and some sport shooting among 

other factors. Similar declines have also 

been noted for many other species of 

grassland birds (Robbins et al. 1986 ). 

In 1984 Montana Fish Wildlife and 

Parks (MFWP) identified the burrowing 

owl as a species of pecial concern 

(Montana Fish Wildlife and Parks 1984 ). In 

1990 and continumg through 1992, we 

exam med the diet of burrowing owls in 

south-central \1ontana during the breeding 

season. Our objective was to collect 

baseline data on the burrowing owl diet 

from Montana for comparison with result 

from other studies in the northern prairies. 

In 1998 MFWP. USDI Bureau of Land 

Management (BL\1). Owl Research 

Institute (ORI). Marmot's Edge 

Conservation (N!EC), and others initiated 

the state· first surveys to ascertam the 

status of burrowing owls in Montana. 
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STUDY AREA 

We surveyed Hailstone and Half-
breed National Wildlife Refuges and 
surrounding sites, Stillwater County, south-
central Montana, for burrowing owls during 
May-October 1990, 1991 and 1992. The 
National Wildlife Refuges were 
characterized as short-grass prairie, 
dominated by native grasses with a few 
shrubs and alkaline ponds. Study sites 
outside the refuges contained a mixture of 
native and introduced grasses. Intensity of 
cattle grazing varied among years. All sites 
had a mixture of black-tailed prairie dog 
(Cynomys ludovicianus), Richardson's 
ground squirrel (Spermophilus 
richardsonii), and American badger 
(Taxidea taxus) burrows scattered 
throughout. Ambient temperatures ranged 
from 7.7 to 37.3 EC, (0 = 9.3 EC) and 
precipitation averaged 5.9 cm per month 
(NOAA 1990, 1991, 1992). Soi ls were 
characterized as loams (USDA 1980), and 
elevation ranged from 1207 to 1258 m. 

METHODS 

Burrowing owl pellets and prey remains 
were collected at nest burrows and roost 
sites twice/week. Pellets were teased apart 
by hand to separate, quantify, and identify 
prey. 

Prey remains and carcasses also were 
identified and quantified using various 
methods described below.Mammals were 
identified to species using skulls, mandibles, 
and dental characteristics 
(Hoffmann and Pattie 1968). Voles were 
identified to species based upon dental 
characteristics where practical. Otherwise, 
we noted voles under the unidentified 
Microtus category. Two species of mice 
(Peromyscus spp.), which are almost 
identical in size, pelage, dental, and cranial 
characteristics (Hoffmann and Pattie 1968, 
Burt and Grossenheider 1976, Foresman 
200 I), occur in the study area. Because 
these traits are only detectable on recently 
captured animals, well-pre erved specimens, 
or skulls, we did not differentiate the e to 
species among prey items. 
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Birds were ident ified to species by 
comparing feathers, feet, skulls, and 
mandib les at the Philip L. Wr ight 
Vertebrate Museum, University of 
Montana, Missoula. Those not identified 
were placed in an unidentified category. 
While some pellets were composed entirely 
of feathers, we cou ld not quantify the 
number of birds eaten. Rather, most birds 
were found a carcasses at nests or roost 
sites. Identification of amphibians to pecies 
followed Thompson (1982) and Stebbins 
( 1986). 

We identified insects to family (Borror 
and White 1970, White 1983). Insects were 
not quantified or identified since we did not 
collect insect remains in 1990 although we 
counted the number of pellets that contained 
predominately insect remains. In 1991 and 
1992 we attempted to count the number of 
insects among pellets and remains of 
exoskeletons found at nest burrows and 
roost sites. We used heads, thoraxes, 
abdomens, legs, and wings to count insect 
prey . 

We made every attempt not to duplicate 
the counting of prey by matching or pairing 
body parts of vertebrate or insect prey. We 
used a conservative approach in tallying the 
total numbers. We estimated prey body 
mass by using < 1 g for insects and the mid-
point of the range for mammals. We used 
the mid-point (see Burt and Grossenheider 
1976) because of inconsistencies in mean 
body mass of prey reported in the literature, 
and because age differences among prey 
species are not always delineated (see Holt 
et al. 1991, Blem et al.1993). Furthermore, 
depending on the size of the owl and the 
prey, not all prey body parts are eaten, i.e., 
head, legs and wings of birds (see Holt 1994, 
Holt and Petersen 2000). Because of 
difficulty in assigning specific pellets to 
individual pairs of owls, we combined the 
prey for a general overview. 

RESULTS 

Seasonal Diet within Years 

In 1990 411 pellets and various prey 

remain yielded 963 vertebrate prey items 



from six breeding pairs and one individual 

owl. Small mammals accounted for 98.7 

percent of that prey. Collectively, voles 

accounted for 85.6 percent (n = 825) of the 

prey with prairie voles accounting for 29.9 

percent (n = 288) (Table 1 ). Mice were the 

second most abundant prey representing 

12.5 percent (n 120) (Table I). There 

were highly significant differences among 

the proportions of the four species of 

mammals eaten (X2 437, df 3, P <

0.001) as prairie voles dominated the diet. 

Because so few other vertebrate prey 

species were eaten, they were not included 

in the analysis. Insect remains were found 

in 313 (76.2%) of the 411 pellets. A few 

homed larks (Eremophila alpestris) and 

tiger salamanders (Ambystoma tigrinum) 

represented birds and amphibians in the diet. 

In 1991, 118 pellets and various prey 

remains yielded 218 prey items from seven 

breeding pairs. Small mammals accounted 

for 66.5 percent of that prey. Collectively, 

voles accounted for 55.5 percent (n = 121), 

of the prey with prairie voles accounting for 

42.2 percent (n = 92) (Table 1). Mice were 

the second most common prey representing 

8.3 percent (n 18; Table 1 ). Differences 

among the proportions of the four species of 

mammals among pellets were highly 

significant (X2 I 74, df 3, P < 0.00 I) as 

prairie voles dominated in the diet. Because 

so few other vertebrate prey species were 

eaten, they were excluded from our 

analysis. Fifty-one (43.3%) of 118 pellets 

contained insect remains that accounted for 

32.1 percent (n - 70) of the diet. Scarab 

beetles dominated followed by ground 

Table I. Burrowing Owl prey items collected from central Montana in 1990, 1991, and 1992. 

1990 (%)· 1991 (%) 1992 (%) Total (%) 
Mammals 
Prairie vole 288 (29.9) 92 (42.2) 538 (40.9) 918 (36.8) 
Meadow vole 33 (3.4) 4 (1.8) 37(1.5) 
Vole spp. 504 (52.3) 25 (11.5) 71 (5.4) 600 (24.0 
Mice spp. 120 (12.5) 
Northern pocket gopher 5 (0.5) 6 (2.8) 17 (1.3) 28 (1.1) 
Subtotal 950 (98.7) 145 (66.5) 708 (53.8) 1803 (72.2} 

Birds 
Horned lark 4 (0.4) 2 (0.9) 10 (0.8) 16 (0.6) 
Western meadowlark 2 (0.2) 2 (0.1) 
Chestnut-collared longspur 3 (0.2) 3 (0.1) 
Unidentified 3 (0.3} 21 (1.6} 24 (1.0) 
Subtotal 7 (0.7) 2 (0.9) 36 (2.7) 45 (1.8) 

Amphibians 
Boreal chorus frog 1 (0.1) 1 (0.1) 
Tiger salamander 6 (0.6} 1 (0.5) 5 (0.4) 12 (0.5) 
Subtotal 6 (0.6) 1 (0.5) 6 (0.5) 13 90.5) 

Insects 
Coleoptera 
Caribidae (ground beetles) 19(8.7) 5 (0.4) 24 (1.0) 
Scarabeaidae (scarab beetles) 33 (15.1) 17(1.3) 50 (2.0) 
Silphidae (carrion beetles) 8 (0.6) 8 (0.3) 

Orthroptera 
Acrididae (short-horned grasshoppers 18 (8.3) 498 (37.8) 516 (20.6) 
Subtotal 70 (32.1) 566 (43.0) 636 (25.5) 

Total 963 218 1316 2497 

• The column of parentheses is percent of prey from the grand total.
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beetles and short-horned grasshoppers. 
In I 992 1367 pellets and various prey 

remains yielded 1316 prey items from 17 
breeding pairs and two single adults. Small 
mammals accounted for 53.8 percent of the 
prey. Collectively, voles accounted for 46.3 
percent (n = 609) of the prey, and prairie 
voles accounted for 40.9 percent (n = 538) 
(Table I). Mice represented 6.2 percent (n = 
82) (Table 1 ). Differences among 
proportions of the four species of mammals 
eaten were highly significant (X2 = 1224, df 
= 3, P < 0.001) as prairie voles continued to 
dominate the diet. Because so few other 
vertebrate prey species were eaten, they 
were not included in the analysis. 
Interestingly however, two western 
meadowlarks (Sturnella neglecta) were 
eaten. Insect remains occurred among 719 of 
1367(52.6%) pellets and made up 43.0 
percent (n = 566) of which shortr-homed 
grasshoppers accounted for 37.8 percent (n
= 498) followed by scarab beetles.

Seasonal Diets Across Years 

Of 2497 prey recorded from 1896 
pellets and various prey remains collected 
during 1990-1992, mammals clearly 
dominated among prey eaten. Cumulatively, 
small mammals accounted for 72.2 percent 
(11 = 1803) of the total prey over the three 
seasons. Numerically, prairie voles were the 
abundant item among pellets followed by 
mice (X2 = 96.14, df = 6, P< 0.001). All other 
vertebrates were eaten in numerically 
insignificant proportions (Table 1 ). Insects 
were most often identified from remains 
found at the nests and roosts but were 
commonly eaten and in large numbers when 
quantified in 1991 and 1992. Pellets that were 
made up of predominately insect remains 
were fragile and when teased apart were 
generally a conglomerate of small bits of 
chitin with few identifiable parts. Although 
tiger salamanders were brought to nests, 
interestingly, they apparently were not fed 
upon. 

Prey items ranged in body mass from 
<1-g insects to I 04-g northern pocket 
gophers (Thomomys talpoides). Voles 
occurred most frequently among vertebrate 
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prey and dominated overall biomass. The 
prairie vole weighed about 35 g and 
meadow vole about 49 g. Mice weighed 
about 24 g and the Northern Pocket Gopher 
about 104 g. Although these estimates of 
body mass are conservative, they probably 
overestimate the actual size of free-ranging 
individuals among various sex and age 
classes, and thus, skew biomass estimates. 

DISCUSSION 

Our results generally agree with those 
from others reporting on the burrowing owl 
diet. Prey availability, vegetative cover, and 
weather among other variables might 
influence annual and seasonal variation in the 
diet of burrowing owls (Thomsen and 
Anderson 1988, Haug et al. I 993 ). Gleason 
and Craig ( 1979) and Green ( 1983) reported 
that burrowing owls ate rodents in early 
spring and switched to insects as they 
became available. Schmutz ( 1991) also 
suggested that small mammals and insects 
are very important to burrowing owls in 
Alberta. Insects were the most numerous prey 
reported from other burrowing owl studies as 
well although small mammals dominated by 
biomass (Maser et al. 1971, Marti 1974, 
Konrad and Gilmore 1984, Haug 1985, Rich 
1985, Brown et al. 1986). Seasonal variation 
in prey use also might be attributed to 
different stages of brood development and 
nutritional needs (Haug and Oliphant 1990, 
Thomsen I 971 ). 

In Montana Restani et al. (in press) 
identified insects to family and found them 
numerically dominant in the burrowing owl 
diet whereas vertebrates dominated by 
biomass. Our results for the three most 
abundant insect families (acrididae, carabidae, 
scarabaeidae) followed a similar pattern and 
suggested these insect families are important 
to Montana burrowing owls. Greater numbers 
of insect families reported by Restani et al. 
(in press) probably reflected involvement of 
an entomologist for insect identification. Few 
small mammal prey reported by Restani et al. 
(in press) might reflect regional differences in 
burrowing owl diet, the manner in which 



prey \\ ere quanti ficd, or simply only one 

season of study. Prey biomass for birds and 

Richarson 's ground squirrel as reported by 

Restan1 et al. in (press) could be misleading 

if the entire body mass of these indi\1duals 

\\ as calculated. Our observations suggested 

that entire carcasses of birds and large 

mammalian prey are rarely eaten. 

Although ,.,c had diniculty quantifying 

insects, we felt that small mammals 

probably were more important to these 

bumming mvls, particularly\\ hen 

considering mammal biomass. Our data also 

suggested that food habit studies only 

utilizing pellets may not truly represent 

numbers or species of insect prey eaten 

because pellets composed of insects often 

are flakes of chitin that break down rather 

quickly in the environment. This was 

consistent\\ ith findings of Thomsen (1971) 

who stated that burrowing owls pick at their 

food that results in pellets that are poor 

indicators of prey eaten. Coulombe ( 1971) 

reported that pellets containing fur 

preserved longer than those comprised of 

insect chitin. In contrast Marti ( 1974) felt 

that pellets did accurately reflect prey eaten 

even though many were badly broken or 

crushed. However, we believe that while 

pellet remains sufficed for vertebrate prey, 

they did not accurately reflect total numbers 

of insects eaten. 
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