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BURROWING OWL NEST SUCCESS AND BURROW LONGEVITY
IN NORTH CENTRAL OREGON

aaron L holmes1holmeslholmesly gregory A green2greena russell L morgan3morgana and kent B Livezey 4

ABSTRACT we studied nest success burrow longevity and rates of burrow reuse for a migratory population of bur-
rowing owl athene cuniculariacunicularidcunicularidia in north central oregon from 1995 to 1997 nest success varied annually from 50 to
67 principal causes of nest failure were desertion 26 and depredation by badgers taxidea taxus 13 reuse of
available nest and satellite burrows in subsequent years was 87 in 1996 and 57 in 1997 reuse was highest at bur-
rows in sandy soils which may indicate that nestsitenest site availability is a limiting factor in sandier soil types trampling by
livestock resulted in the loss of 24 of all burrows between one season and the next and natural erosion resulted in clo-

sure of 17 both causes of burrow failure occurred more frequently in soils with a sand component due to their friable
nature we recommend that habitat used by livestock be evaluated for use by burrowing owls that occupied areas be
managed to minimize destruction of burrows by livestock and that predatorcontrolpredator control efforts be revised to exclude mortal-
ity ofbadgers

key words burrowing owl athene cuniculariacunicularia nesting success shrubsteppeshrubsteppe livestock oregon trampling

the burrowing owl is a species of conser-
vation concern throughout much of its range
in western north america james and epsie
1997 sheffield 1997 holroyd et al 2001 it
has been extirpated as a breeding species from
british columbia since 1980 haug et al 1993
and has declined recently at a rate of approxi-
mately 20 a year in the prairie region of
southern alberta and saskatchewan holroyd
et al 2001 skeel et al 2001 currently there
is no federal regulatory designation in the US
although the US fish and wildlife service
included the burrowing owl on a list of
regional priority conservation species in the
midwestern and western US US fish and
wildlife service 2002 in contrast to monitor-
ing programs in canada and the midwest
breeding bird survey data for the columbia
plateau indicate a significantly increasing pop-
ulationulation although the estimate is considered
imprecise sauer et al 2001 due in part to
this increasing trend and their widespread
breeding distribution burrowing owls in the
columbia plateau were given a relatively low
score in a species assessment and prioritizaprioritize
tion process recently completed by partners in
flight total score of 16 panjabi et al 2001

impacts of human activity and land use on
reproductive success and habitat use of this
species vary in florida mowing livestock graz-
ing ligon 1963 and wetland drainage mill-
sap 1996 helped expand the species range by
increasing the availability of suitable habitat
intensive agriculture can reduce available nest-
ing habitat and result in increased depreda-
tion of nests haug 1985 but it has also been
shown to provide foraging habitat rich 1986
control of burrowing mammals including bad-
gers taxidea taxus which provide burrowing
owl nest sites butts 1973 and agricultural
pesticides which kill burrowing owl prey
james and fox 1987 also have been impli-

cated in burrowing owl population declines
in general these owls prefer open sparsely

vegetated relatively flat grasslands rather than
shrubby habitats or those with dense or tall
grass mackrackenmaccrackenMacKracken et al 1985 rich 1986
green and anthony 1989 plumpton and lutz
1993 because of this habitat preference one
could assume that some grazing by livestock
would increase habitat suitability in areas of
taller vegetation studies evaluating the effects
of livestock grazing on habitat use however
particularly in shrubsteppeshrub steppe habitats suggest a
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mixed response by burrowing owls saab et
al 1995 green and anthony 1989 reported
reduced vulnerability to badger depredation
at nests lined with cattle dung because dung
covered the owl scent and suggested provi-
sioning nesting areas with fresh cattle dung
where it is not already available green and
anthony 1997 while it is known that migra-
tory burrowing owls reuse nest sites from one
year to the next rich 1984 lutz and plump-
ton 1999 there is no information on the impacts
of livestock trampling on burrow longevity or
nesting success our objectives were to deter-
mine nest success survival of burrows between
years badger burrow availability and rates of
burrow reuse for a population of migratory
burrowing owls nesting in shrubsteppeshrubsteppe habi-
tat in north central oregon specifically we
tested whether there were differences in nest
success between soil types or years and whether
there were soiltypesoil type differences in burrow
reuse destruction of burrows by natural ero-
sion and destruction of burrows by livestock

STUDY SITE

the study was conducted in morrow county
north central oregon on the 19000ha19000 ha naval
weapons systems training facility NWSTF
boardman topography ranges from flat to un-
dulatingdu lating with elevations from 120 in to 275 in
terraces with gentle slopes of 2 to 10 typify
most of the study area although these terraces
graduate into rounded hillsides and valleys
with slopes of 5 to 20 at the southern end
of the study area soils grade from a quincy
koehler association at the northern end to
predominantly sagehiilsagehill taunton and then to
deep warden soils at the southern end of the
facility mcclelland and bedell 1987 average
annual precipitation in the area is approxi-
mately 22 cm ruffner 1978 mostly occurring
from november through may summers are hot
and dry with maximum temperatures exceed-
ing 40c

climax vegetation at the site during our
study was within the artemisiaagropyronartemisialagropyronArtemisia Agropyron now
pseudoroegnaria artemesiastipaartemesialstipaArtemesia Stipa now hes
perostipdperostipapeyoperostipdstipa or purshiastipapurshialshpaPurshia stepaStipa associations franklin
and dyrness 1988 however climax commu-
nities were rare and patchily distributed due
to a history of livestock grazing frequent fires
from military activities and lightning strikes
and invasive plants especially the exotic cheat

grass bromus tectorumtectoriumtectorum shrubs included big
sagebrush artemisia dentatatridentatatridentatetri antelope bit
terbrushterbruschterbrush purshia tridentata gray rabbitbrushrabbitbrush
chrysothamnus nauseosus and green rabbit

brush C vicidiflorusvicidiflorw important grasses in-
cluded cheatgrasscheatgrass sandberg s bluegrass boaroapoa
sandbergsandbergiiii needleneedieneedleandthreadandthreadandan threaddthre hesperostipa
comata and bluebunchbluebunch wheatgrasswheatgrass pseudo
roegnariaroegnaria spicataspicatespicata bitterbrushBitterbrush was sparse and
restricted to sandy soils at the northern end of
the study area and sagebrush communities
were restricted to the southern half the cen-
tral area was a mosaic of needleneedie andan thread
rabbitbrushrabbitbrush shrublandsshrub lands and extensive open
areas dominated by cheatgrasscbeatgrasscheatgrass widespread
and locally abundant forbs included scurf pea
psolarea lanceolatalanceolatdlanceolalanceolatedlanceolatatd hairy plantain plantago

patogonica hairy goldenastergoldenaster chrysopsis vil
losa and tumble mustard sysimbriumSysimbrium altissi
mum

livestock used the study area from january
or early february to late may or early june at
an annual stocking rate of approximately 0200.20
AUM animal unit month 1 adult cow and 1

calf or 5 sheep per month per ha approximate-
ly 720 of the total 3470 AUMs were allocated
on the southern half of the study area to sheep
pastures were of varying size and valley bot-
toms were used more than uplands and slopes
resulting in a mosaic of grazing intensities

METHODS

we thoroughly searched approximately 2000
ha of the study area early april and late
june in the season to locate a representative

sample of nesting burrowing owls in addition
we located nests when carrying out other field
surveys when a nest was located we searched
the immediate area for neighboring pairs green
and anthony 1989 because previous work in
north central oregon showed that burrowing
owls avoid dense rabbitbrushrabbitbrush shrublandsshrub lands for
nesting green and anthony 1989 we did not
search extensively in larger patches of that
habitat

we checked nests from a distance of 20 in
to 200 in once every 3 10 days we identified
nest sites and determined outcomes following
methods outlined in green and anthony 1989
in summary we used the length of known
occupancy and behaviors that coincided with
egg laying incubation and brooding coulombe
1971 martin 1973 to determine if nesting
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occurred we considered a nesting attempt
successful when young reached flight stage 6
weeks of age unsuccessful nests were those
destroyed or deserted after eggs had been laid
desertion denneddefined as abandonment of a nest
occupied by eggs or nestlingsnestlings was indicated
by a lack of fresh owl tracks prey and sign of
disturbance tracks and evidence of fresh dig-
ging from badgers or coyotes caniscams latranslatranolatrans
indicated when nests had been preyed upon
by those species we intensively searched the
area within 300 m of deserted nest burrows to
determine if the owls had shifted sites as
described by henny and blus 1981

we uniquely numbered all burrows used by
owls marking each with a small metal tag
anchored to the ground approximately 4 m from
the entrance we classified soil type around
each burrow into 1 of 3 classifications that
generally followed the northtosouthnorth to south gradi-
ent loamy sand sandy loam and silty loam
individual burrows were tracked from one
season to the next and their status open closed
naturally closed due to trampling was assessed
each spring during late april to early may two
burrows located on roadreadoutscuts that were destroyed
by grading equipment were excluded from
analyses of burrow availability and reuse in
total 44 burrows both nest and satellite used
in 1995 were tracked for the duration of the
study fiftysixfifty six additional burrows used in
1996 were tracked through summer 1997

in april 1996 and 1997 we surveyed 915 ha
of the study area to record burrow use and
density this area was composed almost en-
tirely of grassland dominated by cheatgrasscheatgrass
and sandberg s bluegrass with intermittent
areas of rabbitbrushrabbitbrush the area also included
approximately 80 ha of bitterbrushbitterbrush and 35 ha
of sagebrush we divided the area into plots of
various sizes and systematically searched each
with 2 to 6 observers spaced 20 60 m apart
depending on vegetation density observers
doubled back upon reaching the predetermined
boundary and searched a parallel swath of
habitat wire flags were used to mark the edge
of each pass to ensure complete coverage
burrows were marked with a shoe print just
outside the entrance to prevent double count-
ing each burrow detected was classified as
open or closed based on visual inspection of
the entrance and tunnel open burrows were
those with an opening of at least 5 cm and pre-
sumably could be excavatedreexcavatedre by owls we

further classified closed burrows as naturally
closed when the entrance was completely silted
in or trampled when the tunnel had been col-
lapsed as a result of trampling by cattle badger
activity was noted if burrows were freshly dug
or contained tracks

we tested for differences in nest success
burrow survival natural closure rates and
trampling rates among soil types using a pear-
son chisquarechi square test fisher s exact test was used
to examine differences in reoccupancy of nests
based on success the previous year we used
ANOVAAN OVA to examine significance and interac-
tion of factors potentially influencing reuse
including success the previous year soil type
and calendar year we set statistical signifi-
cance at the conventional FP 0.05005005oos level

RESULTS

we monitored 99 nesting attempts between
1995 and 1997 although not all pairs used
satellite burrows some nests were associated
with as many as 6 additional burrows within
50 m of the nest it was not uncommon for a
nest burrow one year to be used as a satellite
burrow the following year or vice versa A total
of 148 unique burrows used either as satel-
lites or nests were monitored for at least I11
nesting season

NEST SUCCESS the proportion of nests
fledging young ranged from 50 to 67 dur-
ing the study but did not differ significantly
among years table 1 pearson xax2 2 2.37237237 P

0.31031 desertion was the principal cause of
nest failure and depredation was important
only in 1997 table 1 badgers were responsi-
ble for 12 of 13 depredated nests and coyote
for 1 trampling of burrows by livestock resulted
in failure of 4 active nests over the course of
the study nest success across years was 43
n 35 in loamy sand 71 n 28 in sandy

loam and 58 n 36 in silty loam differ-
ences were not significant pearson xax2 2
5.24524 FP 0.0730073

BURROW SURVIVAL AND REUSE combining
data from 1996 and 1997 we found that the
proportion of burrows surviving from one sea-
son to the next varied significantly among soil
types table 2aaa pearson xax22 2 33.98633986 P
0.0010001 burrows in sandy loam were twice as
likely as those in the sandiest soils loamy
sand to survive from one season to the next
and burrows in silty loam were 3 times as
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TABLE 1 nest success and causes of nest failure for burrowing owls in north central oregon 1995 1997

successful deserted depredated trampled
year n nests n N nests n N nests n oooaeo011 nests n M
1995 29 155215 52 124112 41 13 13
1996 36 246724 67 822 13 38
1997 34 175017 50 618 113211 32 00
1995 1997 99 565756 57 262626 26 131313 13 44

TABLE 2 number of burrows used by burrowing owls in the previous year that were A open B naturally closed
and C closed as a result of trampling by livestock at the beginning of the 1996 and 1997 breeding season in each soil
type percentages are expressed as the percent of all burrows within each soil type and year

soil type
n within soil type and yeary

loamy sand sandyloamsandy loam silty loam total

A open burrows
1996 103710 37 667 81008 loo100 245424 54
1997 523 105910 59 328632 86 476147 61
1996 1997 153015 30 1661iggi16 61 408940 89 715971 59

13 naturally closed burrows
1996 933 00 00 920
1997 626 423 25 121612 16
1996 1997 153015 30 426 24 211721 17

C trampled burrows
1996 830 333 00 112511 25
1997 125212 52 318 38 182318 23
199619971996 1997 204020 40 622 33 292429 24

likely the proportion of burrows that failed
due to natural closure table 2bab pearson VW2 2

10.87410874 P 0.0040004 and through trampltramaltramplingng
by livestock table 2cac pearson xax2 2 15.90915909
P 0.0010001 also followed this soil type gradi-
ent with burrows in sandier soils most likely
to fail due to either cause

overall burrows in sandy loam soils were
reused most frequently burrows in loamy sand
less and burrows in silty loam the least table
3 A 3way3 way ANOVA of burrow reuse with soil
type year and success of burrow in previous
year was highly significant F 5.67567567 P
0.001600016 but it had a relatively low coefficient
of determination adjusted r2ra 0.22022 indicat-
ing much unexplained variation rates of reuse
for available burrows differed significantly
among soil types P 0.010200102 but not be-
tween years P 0.064900649 nor based on success
in previous years P 0.079800798 no interaction
terms were significant P 0.60606og successful
nest burrows that remained available were
used again as nests as opposed to not used or
used as satellites more frequently 78 n

23 than those that had failed 44 n 9
fisher s exact test P 0.0110011

BURROW ABUNDANCE burrow abundance
varied severalfoldseveral fold between the 2 years that
we conducted widespread surveys we docu-
mented 44.9449449 and 124.81248 open burrows per 100
ha in 1996 and 1997 respectively of these
relatively few showed signs of recent badger
activity in 1996 14514.5145 but badger activity
increased dramatically in 1997 when fresh
burrows accounted for 52.3523523 of all open bur-
rows numbers of recently closed burrows as
indicated by a lack of cheatgrasscheatgrass and other
vegetation on the disturbed soil were also
variable between years increasing from 32.1321
per 100 ha in 1996 to 134.21342 per 100 ha in 1997
the percentage of closed burrows attributed
to trampling by livestock was similar between
1996 57 and 1997 61

discussion

NESTING SUCCESS nest success during this
study 57 n 99 was similar to the 53
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TABLE 3 rates of reuse by burrowing owls for available burrows within each soil type 1996 1997

soil type n

loamy sand sandyloarnsandy loamloarn silty loam total

reused in 1996 1010010 loo100 61006 loo100 862 248724 87
reused in 1997 560 109010 90 324732 47 475747 57
total 1996 1997 158715 87 169416 94 405040 50 716771 67

n 139 reported from the same area by
green and anthony 1989 depredation of
nests minimal in 1995 and 1996 increased
dramatically in 1997 this corresponds with
an increaseincrease in badger activity on the study
area in 1997 as evidenced by a greater than
threefold increase in the number of freshly
dug burrows documented on extensive sur-
veys badgers are the principal predator of
burrowing owl nests in the columbia basin
green and anthony 1989 and so this rela-

tionshiptionship was not unexpected As badger popu-
lations fluctuate burrowing owls may experi-
ence years of reduced productivity during
periods of high badger abundance but they
also may benefit from the residual effect of
increased burrow availability when badger
populations again decline annual rates of nest
desertion in this study were variable 18 41
but not dissimilar to the 30 35 reported
from the same general area in 1980 green and
anthony 1989

BURROW SURVIVAL AND REUSE the friable
nature of sandy soils resulted in relatively high
rates of burrow failure due both to natural ero-
sion and trampling of the burrow entrance or
tunnel by cattle table 2 lower trampling rates
at burrows in silty loam may be attributable to
several factors structural stability of burrows
in this soil type was greater and burrows were
therefore less likely to fail when stepped on by
cattle burrows in this soil have the potential
to remain open for many years as evidenced
by several we observed in areas protected from
livestock whose antiquity was confirmed by
the presence of welldevelopedwell developed cryptobioticcryptobiotic
soil crusts at the entrance belnap 1993 an
additional consideration is that sheep com-
prised approximately 40 of the AUMs allo-
cated to areas with loamy and sandy loam soils
because of their lighter weight sheep would
be less likely to collapse a burrow the absence
of sheep in the parts of our study area classi-
fied as loamy sand introduces an unfortunate

bias when examining the influence of soil type
on trampling rates however relative rates of
trampling among soil types mirror those of
natural closures we believe this lends support
to our conclusion that observed differences in
burrow failure are related to soil texture as
opposed to variations in livestock management

in this study reuse of nest and satellite bur-
rows was greater at sites with sandy than
loamy soils we suggest that high rates of nest
site reuse and decreased longevity of burrows
could indicate that suitable nest locations are a
limiting factor in areas of sandy soils although
we do not know if the same individuals occu-
pied the sites we monitored from one year to
the next nests in our study were more likely
to be used again if they had been successful
the previous year lutz and plumpton 1999
found owls that switched burrows produced
fewer young the preceding season than those
that reused a nest site indicating a similar
relationship between reuse and productivity
destruction of nest burrows forces owls to
relocate which may also impact productivity
botelho and arrowood 1998 reported that
owls in a partially migratory population that
had switched burrow type between years cliff
versus ground produced fewer nestlings in
their new location than their former and sug-
gested there is some advantage to experience
with a nest site

BURROW availability trampling by live-
stock resulted in a substantial reduction in the
number of open badger burrows especially in
areas of sandy soils this widespread reduc-
tion in badger burrows across the landscape
may have several effects on populations of
burrowing owls first evidence suggests that
breeding density is related to density of avail-
able nest sites plumpton and lutz 1993 found
that in I11 of 2 years studied owls selected nest
burrows in areas that contained greater bur-
row density than what was available in the sur-
rounding landscape desmond et al 2000
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demonstrated a decline in burrowing owl
densities with declining densities of prairie
dog burrows speculating that there may be a
time lag in the response of owls to changes in
burrow density second additional burrows
near the nest allow owls to distribute young
among several locations and may reduce the
likelihood of losing an entire brood to a preda-
tor As brood protectors extra escape burrows
may be important to young foraging in the
vicinity of the natal burrow prior to dispersal
haug et al 1993 burrows are also important

to juveniles during postfledgingpost fledging dispersal
juvenile owls were observed in idaho using
an average of 515.151ni burrows in approximatelyapproximately 40
days after first leaving their natal burrow
king and belthoff 2001

management considerations burrow-
ing owl nest sites tended to be reused if they
remained available from one year to the next
in friable soils livestock trampling was a pri-
mary cause of burrow failure and resulted in
reduced availability of burrows overall we sug-
gest rangelands with sandy soils be monitored
for burrowing owl use and destruction of bur-
rows by livestock where damage to burrows
is occurring changes should be made in stock-
ing rates duration andor season of grazing
where owls are deemed a high priority for
management the cessation of livestock graz-
ing may be warranted for a period of time suf-
ficient to increase burrow densities

united states department of agriculture
USDA animal damage control now wildlife
services trapped and killed badgers along
with coyotes the primary target species at
our study area throuthroughout9hout the 1980s appraparapproxi-
mately

oxi
i

6 badgers were removed annually from
the NWSTF until this practice was discontin-
ued in 1992 due to concerns over impacts to
local badger and burrowing owl populations
KBL personal observation information ob-

tained from the USDA suggests this practice is
still widespread on other rangelands wildlife
services removed an average of 148 badgers
per year in the state of oregon between 1996
and 2000 US department of agriculture
2002 the majority of these animals were
killed after being caught in legholdleg hold traps per-
haps incidentally to coyotecontrolcoyote control efforts
however an average of 13 were shot each year
during the same period indicating a targeted
effort the link between fossorial mammals

and burrowing owls has been widely recog-
nized conservation of badgers and other bur
rowprovidersrow providers is therefore of utmost importance
wellicome and holroyd 2001 we recommend
revision of predatorcontrolpredator control efforts to prevent
incidental or targeted badger mortality
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