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ABSTRACT 

The burrowing owl (Speotyto cunicularia) occupies an 

extensive range throughout North and South America. In 

Canada, at the northern end of its range, this species is 

listed as endangered. Landscape alterations resulting in 

direct loss, degradation, and fragmentation of habitat have 

likely hampered the survival and productivity of burrowing 

owls .. Research and management efforts employed thus far 

have failed to reveal critical limiting factors or reverse 

the decline of this species in Canada. 

This study focused on monitoring the movements, 

habitat use, diet, and survival of burrowing owls during 

late summer and autumn in southern Alberta and 

Saskatchewan. The Alberta study area was primarily native 

rangeland. Less than 10% of the original native prairie 

remained on the Saskatchwan study area. Over two years, 44 

radio-transmitters were deployed on burrowing owls in 

Alberta, and 33 in Saskatchewan. Alberta juveniles 

dispersed significantly earlier and further from nest 

sites, and moved more frequently than juveniles on the 

Saskatchewan study area. Directional analysis of post

fledging or pre-migratory movements revealed a southerly 

focus in both populations, but was more variable among 

juveniles than among adults. Owls consistently migrated 

from both study areas in late September or early October. 

Adult females exhibited the highest mean survival 

(0.83), whereas adult male (0.46) and juvenile (0.48) rates 
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were similar. Most mortality occurred during the post

fledging period when owl activity peaked around the nest. 

Mortality from vehicle collisions was higher, and predation 

lower on the study area in Saskatchewan. Population 

modeling revealed that average productivity from the 

Alberta study area (3.5 young/nest attempt), coupled with 

mortality for the study period, was not high enough to 

cause the annual rate of decline found in this population 

(0.67). This suggests about 32% of annual mortality occurs 

off the breeding grounds. 

Habitat use/availability analysis revealed that owls 

preferred pastures with shorter grass for both roosting and 

nesting. Tame and native grass pastures were used about 

equally by owls for both roosting and nesting. 

A relationship was found between abundance of 

burrowing owl prey and vegetation structure. Deer mouse 

(Peromyscus maniculatus) and grasshopper (Acrididae) 

abundance were negatively correlated with vegetation height 

and density. In a high vole year, microtine vole numbers 

were positively correlated with vegetation height and 

density. 
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1. INTRODUCTION 

1.1 Burrowing Owl Distribution and Natural History 

1.1.1 Distribution and Migrations 

Eighteen recognized subspecies of burrowing owls 

(Speotyto cunicularia) occur throughout North and South 

America (Fig. 1.1) (Clark et al. 1978). In North America the 

western subspecies (S.c. hypugaea) is found from southern 

Canada to Panama (Johnsgard 1988). Several subspecies are 

also found in Florida and the West Indies (Bahama Islands, 

Cuba, Hispaniola, and Lesser Antilles) (Bond 1995, Haug et 

al. 1993). The remaining subspecies occupy islands and the 

mainland, from Mexico to the southern tip of Argentina 

(Clark et al. 1978, Haug et al. 1993). 

Burrowing owls are only migratory over a portion of 

their range (Johnsgard 1988); primarily those nesting north 

of about 35o latitude in the Great Plains and intermountain 

west (Haug et al. 1993, Johnsgard 1988). In North America, 

the southwestern, Pacific coast, and Florida populations 

are year round residents (Martin 1973, Millsap and Bear 

1990, Thompsen 1971). 

Unfortunately, we have little definitive evidence on 

migration routes and wintering areas of North American 

burrowing owls. Band recoveries suggest a southward 

migration of intermountain and Great Plains owls and a 
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Figure 1.1. Distribution of burrowing owls throughout North and South America from 
Johnsgard (1990). Residential range of S.c. floridana (fl) and breeding (hatched) and 
residential/wintering (cross-hatched) range of S.c. hypugaea (hy) are shown. 



coastal migration of the western states owls (WA, OR, 

CA) (Brenckle 1936, Haug et al. 1993, James 1992). Winter 

recoveries (November through February) of owls banded in 

the US have been primarily from the southern states and 

occasionally Mexico (Haug et al. 1993). Conversely, few of 

the nearly 3,000 owls banded in Canada to date have been 

recovered during these winter months (H. Trefry pers. 

com.). If these owls are wintering in Mexico or Central 

America we would expect a lower return rate for bands (C.S. 

Houston pers. com.). The language barrier and poverty 

situation in these countries might deter people from 

mailing recovery information to the US banding office. 

James (1992) suggests that the disparity in winter 

recovery rates between owls banded in the US and Canada 

indicates disparate wintering areas and possibly 'leap

frog' migration by Canadian owls. Northern nesting owls may 

minimize mortality over the long non-breeding period by 

wintering where the climate is mild (Greenberg 1980). The 

remaining migratory populations in the US may optimize 

fitness by minimizing migration and remaining closer to the 

breeding grounds. The residency strategy of southern 

burrowing owl populations suggests an evolutionary 

advantage of wintering close to (or on) the breeding 

territory (von Haartman 1968). Leap-frog migration in the 

fox sparrow (Passerella iliaca) was similarly explained 

through independent optimization of wintering location by 

different populations (Bell 1997). 
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1.1.2 Habitat 

Typical burrowing owl habitat includes level, open, 

and well drained land. This habitat includes mainly plains 

ecosystems dominated by grasses and shrubs, e.g. native or 

disturbed mixed-grass prairie, sagebrush steppe, and 

mediterranean thorn-scrub (Green and Anthony 1989, Martin 

1973, Plumpton and Lutz 1993, Rich 1986, Silva et al. 

1995). In Canada these owls occupy regions of vast 

rangeland and fragmented agricultural landscapes throughout 

the grasslands (Wedgwood 1978). 

Nest sites include native habitat in the ecosystems 

described above but, frequently, also in disturbed 

habitats. Western burrowing owls have been found nesting at 

airports and golf courses (Thompsen 1971), in city culvert 

drains (Abbott 1930), at horse race tracks, in hay fields, 

and road side ditches (pers obs.). Botelho and Arrowood 

(1996) found higher reproductive success among owls nesting 

in human-altered areas of New Mexico State University 

campus than those in natural areas. 

Nesting burrowing owls are habitat generalists; 

requiring only a burrow surrounded by relatively sparse 

vegetative cover (Green and Anthony 1989, MacCraken et al. 

1985, Martin 1973, Plumpton and Lutz 1993, Rich 1986). 

Abandoned burrows of badgers (Taxidea taxus), prairie dogs 

(Cynomys spp.), yellow-bellied marmots (Marmota 

flaviventris), or ground squirrels (Spermophilus spp.) are 

commonly used. 
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Only two other radio-telemetry studies have been done 

on burrowing owls. In a highly fragmented agricultural 

landscape in Saskatchewan, Haug and Oliphant (1990) 

demonstrated that breeding male owls forage preferentially 

in uncultivated areas (marginal lands) and rights-of-way 

within a mean home range of 2.4 km2
• King (1996) revealed 

that in a sagebrush steppe community in Idaho, juvenile 

burrowing owls prefer open grassland dominated by 

cheatgrass (Bromus tectorum) for post-fledging roost sites. 

1.1.3 Diet 

Most studies of burrowing owl food habits confirm a 

generalist strategy, including various combinations of 

small mammals, insects, birds, and amphibians. However, 

small mammals typically dominate the burrowing owl's diet 

in biomass throughout its geographic range (Gleason and 

Johnson 1985, Marti 1974, Silva et al. 1995, Thompson and 

Anderson 1988). 

1.1.4 Philopatry 

A fundamental problem with estimating parameters of 

burrowing owl populations in Canada is a low rate of 

resighting and recapture for marked individuals. We do not 

know whether this is attributable to high mortality, low 

philopatry, or inadequate searching procedures. Data on 

adult burrowing owls suggest high philopatry, limited natal 

dispersal, and occasionally long distance movements. Of 27 

owls identified in years subsequent to banding in Alberta, 

92% of males and 50% of females were breeding within 500 m 
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of their previous nest {Schmutz et al. 1990). In Manitoba, 

94% of males and 56% of females were found breeding in 

later years within 1 km of their previous nests {De Smet in 

press) . In Saskatchewan, ~90% of males and ~s7% of females 

exhibited nest site fidelity (Wellicome et al. in press). 

Also, ~75% of males and ~60% of females banded as juveniles 

were found breeding for the first time within 5 km of their 

natal burrows in Saskatchewan (Wellicome et al. in press). 

1.1.5 Survival 

Various survival estimates from banding studies have 

been reported for burrowing owl populations in western 

North America (Schmutz et al. 1990, Thomsen 1971, Wellicome 

et al. in press). However, none of these were derived with 

rigorous mark recapture procedures such as the Jolly-Seber 

technique (Pollock et al. 1990). These studies suggest 

annual adult survival rates of 64% in Alberta (Schmutz et 

al. 1990), 37-51% in Saskatchewan (James et al. in press), 

and 79% for a non-migratory population in California 

(Thomsen 1971). Thomsen (1971) also reported over winter 

juvenile survival of 30%. R.S. Lutz (pers. com.) derived 

highly variable estimates among years for a population in 

Colorado using Jolly-Seber and SURGE models (Lebreton and 

Clobert 1986). 

1.2 Burrowing OWl Status 

The conservation status of burrowing owls varies 

throughout their range. The Florida population has expanded 

its range in recent decades in response to human alteration 
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of the landscape (Ligon 1963). However, the western 

subspecies is listed as 'endangered' in two states (MN and 

IA) and a 'species of special concern' in several others 

(CA, MT, ND OR, WA, WY). King (1996) described burrowing 

owls as "locally abundant" in southwestern Idaho. The 

degradation of intermountain sagebrush steppe communities 

into grasslands dominated by the exotic annual cheatgrass 

may actually benefit this species (King 1996, Knapp 1996). 

In Canada, burrowing owl populations have declined and 

their range has constricted (Figure 1.2) throughout the 

four western provinces. They are essentially extirpated 

from Manitoba and British Columbia. The Committee on the 

Status of Endangered Wildlife in Canada classified 

burrowing owls as threatened in 1978 (Wedgwood 1978) and 

endangered in 1995 (Wellicome and Haug 1995). Landscape 

alterations (on breeding areas, wintering areas, and 

migratory routes) resulting in habitat loss, degradation, 

and fragmentation have likely contributed to the burrowing 

owls' descent. 

Throughout the Great Plains much native grassland has 

been displaced through cultivation (WWF 1988) . Most burrows 

used by burrowing owls for nesting and roosting are in 

pastures (native or introduced grasses) . Therefore, 

increased cultivation means reduced availability of habitat 

for burrowing owls. 

Human manipulations can also result in degradation of 

habitat, exclusive of direct loss. The use of insecticides 
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can suppress prey populations and may have toxicological 

implications for burrowing owls (Fox et al. 1989, James and 

Fox 1987, James et al. 1990). 

Fragmented habitat may influence productivity and 

survival of burrowing owls. Fragmentation was negatively 

correlated with persistence of burrowing owl nest sites in 

Saskatchewan (Warnock 1996). Also, generalist mammalian 

predators (e.g., coyote and fox) can forage more 

efficiently in fragmented habitats with increased edge 

(Burger et al. 1994, Pasitschniak-Arts and Messier 1995, 

1996). Thus, owls using small isolated fragments may be 

more vulnerable to predation. 

Landscape modifications may also disrupt the faunal 

community to the detriment of some species. For example, 

fire suppression and additional trees planted for shelter 

have likely enhanced nesting opportunities for hawks 

(Schmutz et al. 1980). The extirpation of wolves (Canis 

lupus) and brown bears (Ursus arctos) from the prairies, 

which were unlikely predators of burrowing owls, may have 

allowed for enlarge,d coyote populations. Thus, human 

intervention in the prairie ecosystem may have indirectly 

increased predation pressure on burrowing owls. 

Considerable research and management efforts have been 

implemented to combat the burrowing owls' decline in 

Canada. These include a national recovery team, a species 

conservation program by landowners (Operation Burrowing 

Owl), phasing out the insecticide carbofuran, installation 
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of artificial nest boxes, supplemental feeding, and even 

captive breeding. Despite the beneficial results of these 

efforts (e.g., enhanced knowledge, conservation awareness), 

burrowing owl populations continue to decline. All our 

efforts have yet to moderate, or even identify, the 

critical factors limiting these populations. I am 

suggesting that the problem has resulted from large-scale 

manipulation of the prairie landscape and disruption of its 

ecological processes. This larger problem, and all of its 

implications, must be dealt with by the whole of society if 

we are to accommodate the burrowing owl and other prairie 

wildlife. 

1.3 Research Objectives 

My emphasis for this study was on monitoring 

movements, habitat requirements, diet, and survival of 

burrowing owls during late summer and autumn. Most studies 

of this species have focused only on the nesting period. 

Only two other studies have intensively monitored 

individual burrowing owls using radio-telemetry. This 

descriptive approach can provide insight into the 

relationship between post-fledging dispersal movements, 

habitat, diet, and prey availability. 

I examined the timing, distance, and direction of 

post-fledging dispersal movements of adult and juvenile 

burrowing owls. Survival rates were established for adults 

and juveniles during late summer and autumn. Sources of 

mortality were also identified. I tested whether owls were 

10 



using different habitat types in proportion to their 

availability. Through pellet analysis, the diet of owls 

during this period was assessed. Finally, I sampled for 

grasshoppers and small mammals across a range of habitat 

types. 

My survival and productivity estimates were also used 

1n a population model to help interpret the rate of decline 

of the Hanna, AB population. These two parameters can be 

used to evaluate the potential of limiting factors on the 

breeding grounds for causing the decline of this species. 

This should also reveal the contribution of non-breeding 

season mortality to the decline of this burrowing owl 

population. 
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2. STUDY AREAS 

2.1 Hanna, Alberta 

From 1995-1997, I conducted field work in southeastern 

Alberta near the town of Hanna (51°39'N 111°56'W). Land use 

in this region is dominated by ranching with less than 20% 

of the land surface under cultivation (Schmutz et al. 1980 

and 1989, WWF 1988). Annual precipitation averages 27 em 

(Strong and Leggat 1992). Vegetation is dominated by 

needle-and-thread (Stipa comata) and blue grama grasses 

(Bouteloua gracilis) (Smoliak et al. 1988, Strong and Leggat 

1992). 

This region has a unique agricultural and biological 

history that has influenced the mentality of its residents 

and has implications for wildlife conservation (Gorman 

1988). The dry climate and marginal agricultural soils 

(solonetzic) of this region resulted in failed farming 

attempts when first settled early in this century. Many 

homesteaders went bankrupt during the 20's and 30's and 

simply deserted their farms. Much of the land was severely 

deteriorated by topsoil loss through wind erosion. These 

deserted and deteriorated lands were eventually reclaimed 

and brought under careful management into the 2 million 

acres now known as the Special Areas. Cultivation of these 

sensitive lands lS now controlled through the wisdom of 
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land owners and restrictions imposed by the municipality on 

leased land. The result is a healthy agroecosystem rich 

with prairie wildlife. 

2.2 The Regina Plain 

The telemetry project was expanded in 1996 to include 

a study area on the Regina Plain of southeastern 

Saskatchewan and centered on the town of Milestone (50o00 1 N 

104°30 1 W). In sharp contrast to the Hanna study area, this 

region has productive agricultural soils (lacustrine clays) 

and much of the land surface is under cultivation for 

cereal crops. Average annual precipitation exceeds 38 em 

(Johnson and Pyle n.d.). Less than 10% of the region 

remains under native grass cover (WWF 1988) . The native 

grassland community that persists is dominated by northern 

wheatgrass (Agropyron dasystachyum) and June grass 

(Koeleria cristata) (Coupland 1961, Johnson and Pyle n.d.). 
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3. METHODS 

3.1 Nest Searching 

Burrowing owl nests in Alberta were located by 

visiting historic nest sites, opportunistically while 

driving, through systematic searches of parts of the study 

area, and by landowners. We often broadcast a recorded male 

territorial call (Haug and Didiuk 1993) while scanning a 

pasture with binoculars. Field work in Alberta commenced by 

mid-June in 1995 and 1996. Most nests included in the 

telemetry study were found early, but those found later 

(e.g., after fledging) were still included. 

Nests included from Saskatchewan in 1996 were located 

as part of a management program coordinated by Saskatchewan 

Environment and Resource Management on the Regina plain. 

This project involved installation of artificial nest boxes 

and supplemental feeding to reduce pre-fledging mortality 

from predators, starvation, and cannibalism. Consequently, 

77% of the nests involved in the telemetry study from 

Saskatchewan were in artificial nest boxes and 77% 

(different composition) received supplemental food up to 

fledging time (~40 d). 

3.2 Owl Trapping 

Adults were trapped near the nest from late incubation 

onwards using bal-chatris and noose carpets (Bloom 1987). 
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Juveniles were captured similarly once they were old enough 

to emerge from the burrow. Noose carpets were buried near 

occupied burrows and the nooses pulled up through the soil, 

bal-chatris were strategically placed, and all traps were 

constantly monitored from 200-800 m away. In Saskatchewan 

owls were often captured by hand in artificial nest boxes. 

This facilitated slightly earlier radio-marking of 

juveniles, but never before 20 d of age. 

Both adults and juveniles were equipped with aluminum 

US Fish and Wildlife Service bands and plastic color bands, 

weighed, and measured (Clayton et al. in prep.). An effort 

was made to put transmitters on one adult and two juveniles 

from each nest. However, nest failures, early mortalities, 

trapping difficulties, and logistical considerations 

frequently resulted in an altered distribution of 

transmitters. Four gram, necklace style radio-transmitters 

(172 MHz range) were used for this study (Holohil Systems 

Ltd., Woodlawn, Ontario, Canada or Merlin Systems Inc., 

Meridian, ID, USA). 

3.3 Brood Size Estimates 

Burrowing owls have been monitored and banded on the 

Hanna study area by Dan and Gwen Wood, and Joe Schmutz 

since 1986. In those early years observations done at the 

time of nest searching and trapping served to estimate 

brood size. Because all nestlings are rarely visible 

simultaneously, brood size was derived through careful 

observation and summation of recognizable individuals 
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(bands, age differences, temporary spatial arrangements). 

However, since some nests were only visited once, the 

corresponding estimates are considered minimum values. In 

1995 and 1996 considerably more time was spent in trapping 

and subsequent monitoring of radio-tagged individuals at 

each nest. Only brief monitoring was done in June and July 

1997. 

3.4 Monitoring Schedule and Telemetry Procedures 

Each radio-tagged owl was checked daily when possible 

but often only every second or third day. This was 

accomplished with hand-held, vehicle mounted, or aircraft 

mounted antennas and a programmable, scanning receiver 

(SRX-400 Lotek Engineering Inc., Aurora, Ontario). Hand

held, 2-element Yagi antennas were used mainly for homing 

in on an individual on foot. This approach yielded location 

accuracy not achievable from the air or by triangulation 

(Marzluff et al. 1994). 

Vehicle-mounted 3- or 5-element Yagis were used for 

routine checks on individuals and localized searching. 

Antennas were mounted on a rotating mast which could be 

raised by hand and locked in place up to 1.5 m above the 

roof of the vehicle (Kenward 1987). 

Aerial tracking was done from a Cessna 210, 172, 150 

or a Piper tri-pacer with strut mounted, 'side-looking' 3-

element Yagis (Fig. 3.1) (Gilmer et al. 1981, Kenward 

1987). The moderate signal strength of our transmitters 

permitted search patterns to be flown at ~1500 m (~5000 ft) 
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Figure 3.1. Bracket and Yagi antenna mounted on airplane 
wing strut. 
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above ground level (AGL) . This altitude improved our signal 

detection distance, which was up to 12 km in some cases. 

However, it was usually necessary to drop down to ~300 m 

<~1000 ft) AGL to better define the location and take a 

global positioning system (GPS) reading (Kenward 1987). 

With strong and securely mounted antennas, the faster 

Cessna 210 (~250 km/hr) enabled efficient, systematic 

searching of vast areas. It also provided better climbing 

capabilities which saved time when locating several 

individuals (altitude changes explained above) . These 

larger and faster aircraft (i.e., Cessna 210 and 185) have 

not received as much attention for wildlife telemetry as 

the smaller Cessna models (150 and 172). Despite an average 

higher cost to operate and rent the larger planes they may 

be more cost effective in the end. 

After owls dispersed away from the immediate nest area 

they typically centered their activities around a new 

roost-burrow complex. Only limited nocturnal monitoring was 

done. Diurnal observations revealed bouts of loafing and 

insect hunting in the vicinity of the new roost burrow. 

This short term fidelity to roost burrows, along with diet 

information (Clayton et al. in prep.), prompted my 

distinction of the roost burrow vicinity, rather than 

specific daily locations, as the sampling unit for 

dispersal movements and habitat use. 

3.5 Monitoring Movements 

When a radio-tagged owl was not detected during 
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routine checks, an initial local search was done by 

vehicle. Failing the ground search, an aerial search was 

done as soon as possible, usually within three days. If 

found from the plane, we later relocated the owl from the 

ground and then homed in on foot. This procedure permitted 

visual confirmation of the owl and a roost location 

accurate within the limitations of the GPS (~100m). 

I defined first dispersal as displacement of ~500 m 

from the nest for ~2 d, including migration if it was the 

first long-term dispersal. Subsequent relocation to a 

distinct burrow ~250 m away was classified as a move. 

Final local dispersal was defined as the linear distance 

from the nest to the last known roost location of an owl on 

the study area prior to migration. When an owl disappeared 

in early autumn and could not be relocated with an 

extensive aerial search I assumed that the bird had 

initiated migration. 

3.6 Monitoring Survival 

The small size and ~5 mo run time required of 

transmitters for this project precluded mortality sensors. 

Therefore, timely detection of mortalities was only 

facilitated by attentive field workers. When routine checks 

revealed an owl's radio signal to be stagnant for several 

days with no sighting, or conspicuously out of place (e.g., 

coming from an aspen stand), we walked out with a hand-held 

antenna. This either resulted in the owl flushing from an 

'unknown' burrow on our approach or, more often, finding 
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its scattered remains. 

Date of death was estimated from the condition of 

remains and notes on the last location (i.e., date, 

location, and whether visual or electronic) . The proximate 

cause of death was broadly categorized based on the 

recovery location, condition of feather remains (chewed or 

plucked), and, if the carcass was present, its weight and 

condition (Einarsen 1956, Hamerstrom 1972). Also, five owls 

were sent to the Canadian Cooperative Wildlife Health 

Center in Saskatoon, SK, for necropsy. 

To test the effect of transmitters on survival it was 

also necessary to obtain an estimate of survival for owls 

without transmitters. In 1995, in Alberta we observed the 

activities at each nest for 15 min every second day from 

late pre-fledging until all or most individuals had 

dispersed (1-2 mo). Despite not seeing or identifying all 

individuals from a nest during each observation period, 

reviewing field notes revealed brood size reductions and 

the disappearance (death) of marked individuals. 

3.7 Habitat Assessment 

3.7.1 Measurements and Habitat Use 

Habitat preferences were determined from measurements 

taken around nest burrows, roost burrows, and randomly 

chosen sites. Assessment included 16 vegetation height

density measurements taken with a 'Robel stick' (Robel et 

al. 1970), litter depth, shrub cover, range condition 

estimation (Smoliak et al. 1988, Wroe et al. 1988, Johnson 
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and Pyle n.d.), and general categorization of land use. Two 

Robel stick measurements were taken (in opposing 

directions) at points 10 m and 50 m from the nest or roost 

burrow in the four cardinal directions. For randomly chosen 

sites, these points were 25 m and 75 m from an arbitrary 

point (not necessarily at a burrow or other habitat 

feature) near the center of the pasture (s65 ha) . Land use 

was classified as either cultivation, native pasture, or 

tame pasture dominated by introduced perennial grasses. 

Unfortunately the Robel technique was not used in 1995 

on the Hanna study area. Instead grass height was measured 

at three random locations within 100 m of the roost or nest 

burrow. By using a correction factor derived from 10 

measurements I transformed the 1995 vegetation measurements 

taken with a ruler into Robel scores. Because the Robel 

technique accounts for vegetation density as well as 

height, the strict height measurements averaged 40% greater 

than comparable Robel scores. 

Habitat sampling for radio-tagged animals is typically 

done on a regular schedule commensurate with movement 

patterns to maintain the statistical independence of each 

location (White and Garrott 1990). This avoids resampling 

before an animal has an opportunity to move 

(pseudoreplication) . We did not re-measure habitat 

variables each time an owl was recorded in the same roost 

vicinity. Instead, N was inflated to reflect the number of 

times one or several owls were recorded at each measured 
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site. My daily sampling schedule maintained statistical 

independence of observations despite re-use of 

measurements. Occupancy of the nest site late in the season 

(~10 days beyond the mean date of first local dispersal by 

juveniles and adult males) or after dispersal, was recorded 

as roosting habitat. 

3.7.2 Habitat Availability 

The subtle nature of my habitat assessment (i.e., 

vegetation height and density) did not allow for 

determination of habitat availability from a map. Instead, 

the availability of different habitat categories was 

estimated through random sampling (White and Garrott 1990). 

I chose to base this sampling on quarter sections (65 ha). 

These units of the familiar township and range system are 

readily identifiable and often homogeneous in terms of the 

nature and intensity of land use (cultivation or grazing 

pressure) . I chose ten quarter sections from 10 evenly 

spaced sections (2,5,10,13,16,20,23,27,32,35) in each of 

several townships encompassing the study nests. Using this 

strategy, we effectively sampled 7% (by extrapolating from 

the small sampling plot to the homogenous 1/4 section) of 

the land area within the home range and dispersal range of 

burrowing owls on both study areas. 

The prevalence of cultivation on the Regina Plain 

necessitated more sampling to achieve an adequate sample of 

grassland plots for analysis of vegetation characteristics. 

In this highly fragmented landscape fewer pastures 
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comprised a full quarter section. Consequently, any 

fragment of grassland exceeding 2 ha was sampled, 

regardless of land use on the remaining acreage of the 

quarter section. To avoid a systematic bias in habitat 

availability for the Regina Plain, I weighted the frequency 

value for each habitat category by its respective average 

acreage (i.e., proportion of 1/4 section in pasture). 

Random sampling for habitat availability was done 

separately for Alberta and Saskatchewan in 1996. However, 

the 1996 Alberta availability data were also used for 

comparison with 1995 habitat use in Alberta. I justified 

this comparison of use and availability from different 

years on two assumptions. First, land use, stocking rates, 

and seasonal stock rotations are quite consistent in this 

area. This practice results in relatively consistent range 

condition from year to year. Second, even in the event of 

altered grazing pressure, the generally dry climate 

contributes to slow changes in the range condition and 

vegetation structure. 

3.8 Prey Sampling 

From mid-September to early October 1996 and during 

mid-July 1997, rodents were sampled for relative abundance 

on the Hanna study area. Twenty sites (65 ha) were chosen 

across a gradient of vegetation height and density. Rodent 

trapping involved 100 or 70 baited snap-traps laid in pairs 

(to avoid a saturation effect) every 10 m along a transect. 

A trap line was maintained for 4 nights at each of 20 sites 
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in 1996 and 5 sites in 1997. Initially a few trap lines 

were checked in the morning and evening, but the absence of 

diurnal captures justified clearing traps only once daily. 

Nights with precipitation were excluded from the analysis 

because rain washed the peanut butter bait from the traps, 

hail sprung them, and snow covered them. This significantly 

reduced captures in all cases. 

Grasshoppers were sampled once on the same twenty 

sites in Alberta in early October 1996 using a sweep net. 

Two 75-m (total 150 m) parallel transects were walked while 

rhythmically sweeping through the vegetation. To 

standardize conditions and maximize captures, sampling was 

done over a three day period on afternoons when the 

temperature was ~12o C and the wind speed moderate. 

3.9 General Statistical Comments 

Statistical tests are identified and described as 

necessary in the appropriate results and discussion 

sections. Summary statistics are presented as mean ±1 

standard deviation. Reference to 'statistical significance' 

implies rejection of the null hypothesis at an a level of 

0.05. 
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4. RESULTS AND DISCUSSION 

4.1 Productivity 

Over 11 years of burrowing owl studies near Hanna, 

Alberta there has been a significant and steady decline in 

brood size (Fig. 4.1). Sample size (total nests found), 

percentage of successful nests, and brood size for each 

year is given in Table 4.1. Brood size is a mean minimum 

estimate of juveniles surviving to emerge from the nest 

burrow, not juveniles fledged. Nests with complete 

reproductive failure, where no nestlings were observed, 

were excluded from the brood size estimates. The annual 

variation in number of nests is probably more a function of 

search effort than owl abundance (Table 4.1). 

This significant 11 yr decline in brood size (Fig. 

4.1) suggests reduced reproductive success as a factor 

contributing to the owl's overall decline. Burrowing owls 

can be quite prolific breeders, sometimes producing up to 

12 eggs (Haug et al. 1993). In Saskatchewan, clutches 

averaged 8.9 eggs (T.I. Wellicome unpubl. data). For a 

species with such high reproductive potential, the small 

broods observed in Alberta suggest a problem with egg 

production and/or pre-emergence survival. 

My 1997 brood size estimate is unusually large (7.3). 

I attributed this to a high population of Microtus voles 
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Table 4.1. Burrowing owl nests found and reproductive 
success on the Hanna, Alberta study area from 1986-1997. 
Nests found is loosely a reflection of search effort, but 
may also reflect a population trend. 

Year Nests found Nests with ~1 juvenile Brood size 
1986 30 28--93% 5.7 
1987 32 31--97% 5.3 
1988 43 31--72% 5.1 
1989 40 31--77% 4.2 
1990 43 39--91% 4.9 
1991 52 28--54% 2.1 
1992 28 27--96% 4.2 
1993 23 17--74% 4.5 
1994 11 8--73% 4.0 
1995 13 11--85% 3.5 
1996 9 7--78% 3.4 
1997 13 ----- 7.3 
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Figure 4.1. Declining productivity for burrowing owls in 
Hanna, Alberta is shown over eleven years (1986-1996). 
Spearman r = -0.80 P = 0.003 

*Inclusion of 1997, a high vole year Spearman r = -0.38 
p = 0.22 
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(see section 4.8.1). Farmers and field workers in southern 

Saskatchewan and Alberta reported seeing voles quite 

frequently in 1997. Also, short-eared owls (Asio flammeus), 

which eat primarily voles (Johnsgard 1988), were more 

common than usual across the prairie regions of both 

provinces that year. I interpreted 1997 as an aberrant year 

and included it in a separate 12 yr brood size correlation 

in Fig. 4.1. 

Small burrowing owl broods in 1991 are matched by the 

lowest clutch size and the third lowest brood size averages 

recorded for Swainson's hawks on the Hanna study area over 

17 years (Schmutz in prep.). The small clutches may 

indicate low populations of cricitine rodents in that year. 

Swainson's hawks probably prey mostly on cricitines during 

the egg laying period, before juvenile ground squirrels 

become available (Schmutz and Hungle 1989). Thus, low 

cricitine populations could negatively influence 

productivity in both Swainson's hawks and burrowing owls. 

Two other measures of reproductive success can be 

considered, total nests found and the percentage of 

successful nests. Unfortunately, variation in search effort 

complicates interpretation of annual nest abundance. I did 

not, however, detect a significant change in percentage of 

successful burrowing owl nests over time for this 

population (Spearman r = -0.03, P = 0.45). 

4.2 Trapping Success 

In 1995 and 1996, an effort was made to capture and 
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band all adults and juveniles at each nest on the Hanna 

study area. However, capture success (captures/total known 

adults or juveniles) was higher for adults than for 

juveniles in both years and considerably higher in 1996. 

Capture success in 1995 was 81% for adults, 74% for 

juveniles, with 76% overall. Respective rates for 1996 were 

86%, 43%, and 59%. Over two years, a total of 76 

transmitters were deployed on the two study areas. One 

effective technique used for capturing other nesting 

raptors, the dho-gaza with a great horned owl (Bubo 

virginianus) lure, yielded similar or worse trapping 

success for a variety of hawk, falcon, and owl species 

(Bloom et al. 1992). Thus, capture success with our 

techniques was generally higher than the best available 

technique yields with other raptors. 

Compared with the popular Havahart0 style live traps 

(Ferguson and Jorgensen 1981, Martin 1971, Plumpton and 

Lutz 1992), our technique for capturing burrowing owls is 

relatively efficient, has potential for multiple captures, 

allows immediate detection of a captured owl, and minimizes 

risk of feather or cere damage. The use of a walk-in trap 

(non-cage type), as described by Botelho and Arrowood 

(1995), in combination with noose carpets and bal-chatris, 

could safely and effectively boost capture success of both 

adults and juveniles. 

4.3 Timing and Distance of Dispersal Movements 

4.3.1 Regional Comparisons 
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Several dispersal parameters are summarized for both 

study areas in Table 4.2. A small sample of adult owls in 

Saskatchewan precludes statistical comparison of adults 

between the two populations on most parameters. Alberta 

juveniles however, dispersed significantly earlier (Mann

Whitney U = 24.5, P = 0.012), moved more frequently (U = 

126, P < 0.001), made longer moves (U = 145, P = 

0.173) (NS), and ultimately dispersed further from the nest 

(U = 18, P = 0.004) than Saskatchewan juveniles. Also, the 

17 owls from Alberta moved 3 times each on average, whereas 

the 14 Saskatchewan owls only moved 0.6 times each prior to 

migration. 

Juvenile birds typically disperse from their natal 

territory to establish their own breeding territories 

(Frumkin 1994), to seek food resources (Kenward et al. 

1993a, 1993b), or to find sheltering habitat (Anders et al. 

1997). Presumably, burrowing owls do not establish breeding 

territories until they return from migration in the spring. 

As opportunistic predators, young owls can hunt in a 

variety of habitat types for insects and rodents. Suitable 

burrows however, are probably the limiting factor for 

dispersing burrowing owls. 

Throughout the year, burrowing owls are usually in 

close proximity to a burrow. Instances of owls using 

culverts (Abbott 1930), lumber piles (Grier in press), or 

hiding in dense shrubs (pers. obs.) confirms their need for 

sheltering features. Natural burrows of ground squirrels 
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Table 4.2. Summary of dispersal events for burrowing owls at Hanna, Alberta and the 
Regina Plain, Saskatchewan. Included are juveniles of the year and adult males and females 
from successful nests (~1 young fledged). See methods for definition of dispersal events. 

Event 
First dispersal 

Movement distance 
(km) 

Movement interval 
(days) 

Final local 
dispersal (km) 

Migration date 

age/sex 
ad. male 
ad. female 
juveniles 

ad. male 
ad. female 
juveniles 

ad. male 
ad. female 
juvenile 

ad. male 
ad. female 
juvenile 

all 

Hanna 
Mean 

15 Aug. 
7 Sept. 
23 Aug. 

1.03 
0.78 
3.13 

7 
47 
11 

2.36 
0. 46 
5.47 

2 Oct. 

1995 and 1996 
± SD N 

15 6 
32 6 
20 10 

0.49 
0.39 
4.81 

5 
25 
13 

0.58 
0.65 
6.53 

8 

23 
5 

33 

18 
8 

34 

2 
6 

10 

18 

Regina Plain 1996 
Mean ± SD N 

24 Aug. 1 
24 Aug. 6 2 
17 Sept. 24 13 

10.72 
0.46 
1.45 

24 
34 
40 

10.72 
0.44 
0.55 

6 Oct. 

0.03 
1.26 

29 

1.06 

8 

1 
2 

12 

'1 
1 

19 

1 
1 

12 

14 



and badgers only persist where the land is not plowed 

annually. Grazed pastures, with sparse vegetation and 

active burrowing mammals, are probably the most suitable 

habitat for burrowing owls in Canada. 

Limited dispersal by burrowing owls on the Regina 

Plain is likely related to the highly fragmented 

agricultural landscape. Reduced availability of pastures on 

the Regina plain (~16% of land area) may discourage 

dispersal from the natal area and reduce subsequent 

movements across the landscape. Delayed post-fledging 

dispersal has been described for crested tits (Parus 

cristatus) in highly fragmented landscapes (Lens and Dhondt 

1994). By varying the number of habitat clusters and the 

spatial scale at which clustering occurs in their model, 

Doak et al. (1992) found that fragmentation can increase 

search time and reduce dispersal success. 

As with other birds, (e.g., sparrowhawks Accipiter 

nisus, Frumkin 1994) supplemental feeding can delay post

fledging dispersal in burrowing owls (King 1996). Although 

77% of the Saskatchewan nests received supplemental food I 

don't believe this confounded my results for two reasons. 

1)0ur owls were only fed until fledging (~40 days of age). 

King (1996) continued providing food at the nests until all 

brood members had left their respective natal areas, in 

some cases as late as October. 2)The natural interval 

between fledging and dispersal in burrowing owls should 

adequately buffer the influence of supplemental food 
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received until fledging time. This interval was highly 

variable among owls (Hanna 1995 = 39 d, Hanna 1996 = 26 d, 

Regina Plain 1996 = 49 d) but in all cases exceeded that of 

King's unfed control juveniles (21 d). 

4.3.2 Age and Sex Comparisons 

Interesting differences in dispersal parameters also 

arise within populations among adult males, adult females, 

and juveniles (Table 4.2). Despite a small sample of adults 

in Saskatchewan many of these trends are consistent, 

although non-significant, for both populations. Adult 

females dispersed last (if at all), made the shortest 

moves, moved less frequently than males, and ultimately 

stayed closer to the nest. Conversely, juveniles made the 

longest moves and ultimately dispersed furthest from the 

nest. Adult males were first to disperse, made relatively 

long and frequent moves, and ultimately dispersed 

intermediate distances from the nest. 

Although I was not able to detect a significant 

difference between males, females, and juveniles in timing 

or distance of dispersal, the observed trends seem logical 

within the context of burrowing owl breeding and foraging 

behavior. Young owls are capable of catching insects soon 

after fledging. The male is essentially relieved of his 

provisioning role early on (~3 wk post-fledging) and 

becomes free to disperse. As with other raptors (Newton 

1979), the young leave their natal territory once they 

develop their flying and hunting skills. Their search for 
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suitable foraging and roosting sites resulted in long, 

frequent movements. The females finally having the home 

territory to themselves, tended not to leave it. 

4.3.3 Non-breeding Females 

Two adult females radio-tagged in Alberta in 1996 

abandoned their nesting attempts early in the summer. They 

moved less frequently (54 ± 35 d) and made longer 

individual moves (2.1 ± 1.6 km) than breeding females in 

Alberta (Table 4.2). 

4.4 Direction of Dispersal Movements 

Despite the relationship between distance and 

direction of dispersal, these topics are best explored 

separately (i.e., not using a vector diagram). Table 4.3 

summarizes the circular statistics for both populations, 

including the non-breeding females. The P values shown are 

from Rayleigh's test of uniformity which compares the 

observed distribution of directions with an even 

distribution (Batschelet 1981). Figures 4.2 and 4.3 

represent dispersal movements of breeding adults and 

juveniles in Alberta and Saskatchewan, respectively. 

Dispersal directions were derived from Universal Transverse 

Mercator coordinates using RANGES 4.0 (Biotrack, Wareham, 

U.K.). I used ORIANA 1.01 (Kovach Computing Services, 

Pentraeth, U.K.) to calculate circular statistics and 

generate figures. 

Mean dispersal direction was southerly in all groups 

except the non-breeding females (Table 4.3). The circular 
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Table 4.3. ·circular statistics for post-fledging dispersal 
movements of 23 (see note below) burrowing owls in Hanna, 
Alberta and 9 from the Regina Plain, Saskatchewan. Included 
are angular mean, circular SD, and P values for Rayleigh's 
test of uniformity. Sample size {N) reflects the number of 
movements included for each group, not individuals. 

Hanna 1995 and 1996 Regina Plain 1996 

Group Mean so p N Mean so p N 

All 202o 97o 0.027 65 170o 76o 0.075 15 

Breeding 205o 84o 0.029 31 161o 15o 0.045 3 

adults 

Juveniles 194o 113o 0.510 34 177o 92o 0.400 12 

Unsucc.* 328o 84o 0.736 3 -----
adult females 
*Note: This includes two females which dispersed from their 
nests following early failures in Alberta 1996. 
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Figure 4.2. Circular plot of 65 dispersal movements by 
burrowing owls near Hanna, Alberta in 1995 and 1996. 
Breeding adult males and females, and juveniles are pooled. 
Concentric circles indicate the number of observations. 
Circular mean and 95% CI are also shown. 
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Figure 4.3. Circular plot of 15 dispersal movements by 
burrowing owls on the Regina Plain, Saskatchewan in 1996. 
Breeding adult males and females, and juveniles are pooled. 
Concentric circles indicate the number of observations. 
Circular mean and 95% CI are also shown. 
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distribution of movements was significantly different from 

random for adults from both populations. However, N was 

only 3 for Saskatchewan adults. This suggests a southerly 

focus for pre-migratory movements in both populations which 

is more random in juveniles than adults. Because distance 

was analyzed separately from direction conclusions cannot 

be drawn regarding spatial movement patterns. 

4.5 Migration 

In both years, owls were successfully tracked through 

the summer and into early autumn. Only rarely was a radio

tagged owl lost without a known fate. This changed near the 

end of September and into October. Owls began to disappear, 

and with only one exception, could not be relocated despite 

extensive aerial searches which often extended ~100 km 

south of the study area. The timing of these presumed 

migratory departures was quite consistent between 

populations (Table 4.2). 

However, I did relocate one adult male following his 

initial migratory movement from the Hanna study area in 

1996. This owl dispersed from the nest site on 14 September 

and made several short (<2 km) movements on the study area. 

When checked on the evening of 19 October, this owl was 

missing. We failed to relocate him during a broad aerial 

search, extending down to the Montana border, the following 

morning. However, while returning to the Hanna airport 

along a different route, we picked up his signal SE of 

Duchess, AB, ~1300 hr. This initial migratory move of 65.7 
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km and on an azimuth of 187o, likely occurred during one 

night. 

Upon landing, I drove to this area and found the owl 

using an abandoned badger burrow in a small, poorly 

drained, and heavily grazed patch of native pasture. I 

monitored this owl on the ground from ~1800 hr on 20 

October until early the next morning. Through the night 

there were many movements and I lost his signal several 

times. A flight over the area the next morning, (~0900 hr, 

21 October) on suspicion of his departure, revealed his 

continuing presence. Monitoring was then discontinued for 

logistical reasons. 

4.6 Survival 

4.6.1 Survival and Cause-specific Mortality Rates 

Radio-telemetry permits a direct estimate of survival, 

for a select period, from a small sample of the population. 

This technique avoids many of the assumptions of mark

recapture studies and provides more complete information 

(Pollock et al. 1990). 

Survival and cause-specific mortality estimates were 

generated using MICROMORT, a software package produced and 

discussed by Heisey and Fuller (1985). These estimates are 

calculated from the total number of 'radio-days' and deaths 

per time period, similar to Mayfield's nest survival 

technique (1961 and 1975). By allowing for 'staggered 

entry' of individuals (radio-tagged on different days) and 

'right censored' data (lost individuals), this analysis 
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accounts for the number of days each individual survived 

during a given period. Estimates were generated for each of 

three time periods; pre-fledging, post-fledging dependency, 

and post juvenile dispersal. These intervals were defined 

by nest chronology and juvenile behavior using estimated 

fledging dates and mean juvenile dispersal dates. 

Daily survival rates are presented for adult males, 

adult females, and juveniles through the three survival 

periods (Fig. 4.4). In Alberta there was no mortality 

during the dispersal period. In Saskatchewan there was no 

pre-fledging mortality. Mortality peaked during the post

fledging period for adult males and juveniles in both 

populations. 

Survival and cause-specific mortality rates for the 

entire study period in each area are given in Table 4.4. 

Mortality of adult males and juveniles was similar among 

years and areas (0.53 ± 0.09). This is slightly lower than 

annual mortality rates of American kestrels (Falco 

sparverius) in their first year (65 and 69%) and similar to 

that of adult kestrels (49 and 47%) (summarized in Newton 

1979). Average survival of juveniles (0.48 ± 0.12) was 

similar to that reported for wood thrush (Hylocichla 

mustelina) during the first eight weeks after fledging, 

0.42 (Anders et al. 1997). 

Radio-tagged adult females only incurred mortality in 

one year (Hanna 1996). Adult females had the highest 

survival among both populations. With the exception of one 
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Figure 4.4. Daily survival rates for burrowing owls in 
Hanna, Alberta (a) and the Regina Plain, Saskatchewan (b). 
Rates are plotted separately for adult males, adult 
females, and juveniles across three time periods. Sample 
size is given in the legend for each time period 
(chronologically). 
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Table 4.4. Survival and cause-specific mortality rates for 
adult and juvenile burrowing owls from Hanna, Alberta and 
the Regina Plain, Saskatchewan. Span rates presented here 
represent the product of period-specific rates for each 
group (i.e., pre-fledging, post-fledging, and dispersal 
periods) . 

Cause-specific mortality 
Age/Sex N Survival Rap tors Mammals Vehicles Other 

Hanna 1995 & 1996 (28 June-21 Oct.) 
Ad Males 11 0.48 0.52 0.00 0.00 0.00 
Ad Females 12 0.62 0.23 0.00 0.00 0.15 
Juveniles 21 0.45 0.30 0.25 0.00 0.00 

Regina 1996 (25 June-17 Oct.) 
Ad Males 5 0.38 0.00 0.18 0.18 0.26 
Ad Females 2 1.00 0.00 0.00 0.00 0.00 
Juveniles 25 0.48 0.08 0.10 0.17 0.17 
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male (Regina Plain 1996) there were no adult mortalities 

from mammalian predators. In contrast, juveniles from both 

populations were killed by mammals. Mortality from 

predators, both mammalian and avian, was lowest on the 

Regina Plain study area. However, vehicle collisions, 

starvation, and miscellaneous or unidentified sources made 

up the balance of mortality on the Regina Plain. Predation 

was the only identified cause of death (1 unidentified 

case) for radio-tagged burrowing owls in Hanna. 

Mortality sources were only broadly categorized in 

Table 4.4. Observation of predators in the field, and 

subtle signs from the remains and at the kill sites allowed 

further speculation on causes of death. The following 

evidence resulted in my distinction of Swainson's hawks 

(Buteo swainsoni) and coyotes (Canis latrans) as the major 

predators of burrowing owls in Alberta. 

On the Alberta study area, Swainson's hawks are the 

most abundant raptor throughout the breeding season 

(Schmutz et al. 1980). On several occasions we recovered 

burrowing owl leg bands and transmitters from Swainson's 

hawk nests. We also flushed a Swainson's hawk from a fresh 

burrowing owl which it had presumably killed. The presence 

of streaked excrement at several of the burrowing owl kills 

also indicates the presences of a hawk rather than an owl 

(owl mutes are not excreted forcefully) . Only a few 

burrowing owls showed signs of falcon predation; e.g, 

meticulously plucked, wings cleanly bitten off, legs bones 
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stripped of meat but not eaten. 

On the Alberta study area, coyotes are more frequently 

observed and reported by locals than red fox (Vulpes 

vulpes) . The apparent abundance of coyotes and their 

tendency to exclude fox (Sargeant et al. 1987, Voigt and 

Earle 1983) should distinguish coyotes as the more abundant 

canid. Mammal-killed owls appeared to have been captured 

singly outside the burrow (not brood depredation within the 

burrow) . This situation implicates a large (cannot access 

the burrow), quick, stalking predator rather than a badger 

(Taxidea taxa), striped skunk (Mephitis mephitis), weasel 

or mink (Mustela spp.). 

4.6.2 Population modeling 

For heuristic reasons, I used a simple demographic 

model to predict the annual rate of population change (A) 

from estimates of productivity and survival (Brooks and 

Temple 1990, James et al. in press, Warnock 1993). For this 

exercise I assumed immigration equalled emigration. This 

model also assumes equivalent survival rates of males and 

females (1:1 sex ratio), and that all adults in the 

population are breeding. 

A = (adult survival)+(juv. survival x fecundity/2) (4.1) 

Using my estimates of adult and juvenile survival over 

a five month period as a starting point (0.55 and 0.45, 

respectively), and fecundity (number of young/nesting 

attempt) averaged for 11 years (3.5), A= 1.34. The rate of 

change stabilized (~1) when adult and juvenile survival 
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estimates were lowered to 0.48 and 0.30, respectively. 

Estimates of 0.34 for annual adult survival and 0.19 for 

annual juvenile survival yielded A= 0.67, the estimated 

rate of decline for this population. 

Results from burrowing owl surveys done in 1991, 1993, 

1994, and 1997 in the Hanna, Alberta area suggest A = 0.67 

(Caughley 1977, Schmutz 1996). At this rate of decline, 

annual mortality of adults and juveniles must exceed my 

five month estimates by 0.21 and 0.26. Thus, a large 

proportion of annual mortality occurs on the breeding 

grounds, but about 32% must occur elsewhere. 

4.6.3 Transmitter Effects 

When transmitters were first fitted, and occasionally 

thereafter, the owls typically spent some time chewing on 

the antenna and necklace. This could leave them more 

vulnerable to predators, it may distract from hunting or 

parental behaviors, or the transmitter may actually hinder 

them physically (Foster et al. 1992, Gessaman and Nagy 

1988, Greenwood and Sargent 1973). To test the effect of 

transmitters on burrowing owl survival I compared survival 

rates of radio-tagged and untagged owls, explored return 

rates of both groups, and examined the interval from 

marking to death of those owls which died. 

Survival estimation for owls without transmitters was 

only possible through part of the nesting cycle. Soon after 

fledging, juveniles and adults moved away from the nest, 

thus confounding dispersal and mortality. My cut-off date 
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for survival estimation, which differed among nests, 

averaged to 17 Aug± 15 d. 

Survival rates were similar prior to the cut off date 

for adult and juvenile burrowing owls with and without 

transmitters from Hanna in 1995. For this comparison, 

simple ratio survival estimates were used 

(# survivors/total #). Survival was 89% for nine adults 

with and 87% for 16 adults without transmitters. Survival 

was 67% for 12 radio-tagged juveniles and 70% for 30 

untagged juveniles. 

I also compared the 1996 resighting ratio for owls 

which migrated from the Hanna study area in 1995 with and 

without transmitters. Twenty-nine percent {2/7) of radio

tagged adults and only 8% {1/12) of leg-banded adults were 

resighted in 1996. It is not expected that radio-tagged 

owls have higher over winter survival (or philopatry) than 

those with only leg-bands. Given the small sample sizes I 

am only suggesting transmitters probably did not reduce 

over-winter survival. 

The interval from radio-marking to death of burrowing 

owls killed on the study area gives further insight into 

transmitter effects. The high variance and approximately 1 

roo interval from radio-marking to death found in Hanna in 

1995 (29 ± 14 d) and on the Regina Plain in 1996 (36 ± 22 

d) suggests transmitters have little influence, or at least 

no immediate influence on survival. 

The interval from radio-marking to death was 
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considerably shorter in Hanna in 1996 (7 ± 4 d) . This 

aberration cannot be explained by differences in capture 

date or sample composition (age/sex) . One of the females in 

the 1996 sample also carried a transmitter in 1995 and 

migrated from the study area with it. When found killed by 

a raptor in 1996 her new transmitter, placed on only four 

days earlier, had not been chewed at all. The combination 

of prior transmitter •experience' and the lack of 

transmitter damage suggests no transmitter effect in this 

case. Hence, a brief survival interval may not always 

indicate a negative transmitter effect. 

4.6.4 Conclusions About Survival 

From these data on survival and cause-specific 

mortality three general points of summary have emerged with 

some potential conservation implications. 

1) Most owls (~72%) were killed near the nest during 

the post-fledging dependency period. This is a time when 

the juveniles are beginning to explore flight, and the 

adults are constantly hunting to feed their still dependent 

young. This peak of activity around the nest may serve as a 

cue to predators. 

2) The interesting differences in mortality between 

Alberta and Saskatchewan lie with the sources, not in the 

overall rates. Owls from the sparsely populated and 

relatively 'pristine' Hanna study were killed mostly by 

predators (~94%), and none by vehicles. In Saskatchewan 

however, predators and vehicles killed about equal 
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proportions of owls <~38% and ~31% respectively). This 

extensively cultivated and highly fragmented landscape 

probably supports lower densities of buteonine hawks and 

canids than the Hanna region. However, increased vehicle 

traffic on the Regina Plain boosts overall mortality up to 

levels resulting from only predation in Alberta. 

3) Estimated burrowing owl mortality over a five-month 

period plus additional losses expected on migration and 

over winter should result in relatively low annual 

survival, possibly low enough to induce the population 

declines we have seen. Unfortunately, 

recoveries/resightings of owls banded in Canada have been 

too low to permit a meaningful analysis of annual survival 

(Pollock et al. 1990, James 1992). Modeling of the Hanna, 

Alberta population suggests that two-thirds of annual 

mortality probably occurs during a five-month period on the 

breeding grounds. Thus, factors limiting survival on the 

breeding grounds in Canada may greatly influence the 

dynamics of this migratory population. 

The mortality rates I have reported for a five-month 

period are as high (adults) or almost as high (juveniles) 

as the annual mortality of American kestrels. Kestrels, 

being a similarly sized predator of rodents and insects 

with a comparable life-span (Johnsgard 1990, Kennard 1975, 

Newton 1979), appear to be a good species for comparison. 

4.7 Habitat Use 

Any investigation of landscape characteristics must 
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clarify the spatial scale of the study and put it in 

perspective (Baker et al. 1995, Levin 1992, Wiens 1989). To 

determine the influence of vegetation structure on roost 

site selection by burrowing owls I assessed habitat for the 

area where owls spend a majority of their time and foraging 

efforts. Diurnal observations of owls and diet data suggest 

that a 50 m buffer around the occupied roost burrow 

accomplishes this. A preliminary analysis of burrowing owl 

pellets from our study areas revealed that grasshoppers and 

beetles dominated their diet during late summer and autumn, 

both numerically and by biomass (Clayton et al. in prep). 

Observation of owls revealed that they captured many of 

these invertebrates during the day near their roost burrow. 

Availability and use of roosts and nests in the 

different habitat categories is summarized in Table 4.5. 

Percentages are listed under both the Robel and land use 

habitat categories. The mean of 16 Robel measurements for 

each site was used to place it in one of five Robel 

categories. These categories, although expressed in em 

units, represent a range of vegetation height and density 

and cannot be interpreted simply as vegetation height (see 

methods 3.7.1). 

I used chi-square to test for differences in use and 

availability among habitat categories (Table 4.6). To meet 

the sample size requirements of the test, higher Robel 

categories were usually collapsed. 

Where X2 was significant, 90% simultaneous confidence 
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Table 4.5. Percentage of sites used and available to burrowing owls in Hanna, Alberta in 
1995 and 1996 and the Regina Plain, Saskatchewan in 1996. Sample size is shown in italics 
for each grouping. Categories 1-5 represent a profile of the vegetation height and density 
as measured with a Robel stick. Both tame and native pastures were included in Robel 
categories. Values for roosts represent the percentage (total number) of owl use-days for 
a given habitat category. 

Hanna, Alberta Regina Plain 
Habitat Nests Roosts 

Classifications Availability 95 96 95 96 Availability Nests Roosts 
Robel (em) 

1 = 1- 5.9 37 54 12 38 81 23 22 48 
2 = 6-10.9 39 46 88 55 19 49 29 23 
3 = 11-15.9 15 0 0 2 0 10 7 14 
4 = 16-20.9 6 0 0 5 0 13 21 6 
5 = 21 + 2 0 0 0 0 5 21 9 
Total observations 46 13 8 275 247 32 14 204 

Land Use 
Native pasture 90 100 100 100 98 13 50 49 
Tame pasture 4 0 0 0 2 4 43 51 
Cultivation 6 0 0 0 0 83 0 0 
Other 0 7 0 
Total Observations 49 13 8 275 247 130 14 204 



Table 4.6. Summary of chi-square analysis of burrowing owl 
habitat use/availabiltiy. Comparisons of nest or roost 
sites were either made among Robel habitat categories or 
land use categories (cultivation,· tame and native 
pastures) . The number of categories compared in each 
analysis is equal to k. Higher Robel categories were 
collapsed in all cases and cultivated sites were excluded 
from two of the land use comparisons. 

Site Habitat Categories x2 k p 

Hanna 95&:96 roosts Robel 36.296 3 <0.001 

Hanna 95&:96 nests Robel 6.643 3 0.036 

Regina 96 roosts Robel 7.808 ' 0.050 

Regina 96 roosts land use 280.823 3 <0.001 

Regina 96 roosts land use 13.623 2 <0.001 

Regina 96 nests Robel 1.938 3 0.379 

Regina 96 nests land use 46.242 3 <0.001 

Regina 96 nests land use 1.619 2 0.203 

Table 4.7. Summary of burrowing owl roosting and nesting 
habitat preferences. Where X2 was significant (Table 4.6), 
90% simultaneous confidence intervals were calculated 
(Marcum and Loftsgaarden 1980) for each category to 
determine habitat class status (preference, avoidance, or 
proportional use) . Habitat classes are the same as those 
found in Table 4.5 and defined in methods with the 
exception of collapsed higher Robel categories (3-5 or 4-
5) • 

P=Preference A=Avoidance PU=Proportional use 
Habitat Classes 

Category 1 2 3 4 NP TP Cult 
Hanna roosts p PU A 
Hanna nests PU PU A 
Regina roosts p A PU PU p p A 
Regina roosts A p 

Regina nests p p A 

50 



intervals were calculated following Marcum and Loftsgaarden 

(1980) to determine preference or avoidance of each habitat 

class (Table 4.7) (Byers and Steinhorst 1984). Marcum and 

Loftsgaarden's (1980) test is the most appropriate for 

determining preference and avoidance when habitat 

availability is estimated rather than known (i.e., measured 

directly from a map) . 

Overall, owls preferred pastures with shorter grass 

for both nesting and roosting (Table 4.7). Higher Robel 

categories (~2) were both avoided and used proportionally, 

but never selected for. In Alberta nest sites with the 

shortest and most sparse vegetation were not preferred over 

Robel category 2 sites. Owls clearly preferred pastures 

(which comprised 16% of the land area by my estimates), 

either native or tame, over cultivation for both nesting 

and post-fledging roost sites in Saskatchewan. Tame and 

native pastures were used about equally by owls for 

roosting (Table 4.5). However, tame pastures were selected 

over native pastures for roosting in proportion to their 

respective availability. The small sample of Regina nests 

probably prevented significant chi-square results in 

use/availability tests for Robel and land use (k = 2) 

categories (Table 4.6). 

4.8 Prey Availability 

4.8.1 Rodents 

Snap-trapping results from the autumn of 1996 and the 

summer of 1997 were quite different. In 1996, a total of 
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8000 trap-nights yielded 369 rodents, of which 330 were 

deer mice (Peromyscus maniculatus). In 1997, 1400 trap

nights yielded 49 captures, of which 37 were either meadow 

voles (Microtus pennsylvanicus) or prairie voles (Microtus 

ochrogaster). Northern grasshopper mice (Onychomys 

leucogaster), masked shrews (Sorex cinereus), and meadow 

jumping mice (Zapus hudsonius) were also captured in small 

numbers 1n 1996. 

Total rodent captures/100 trap-nights did not differ 

significantly between years (U = 37.0, P = 0.377). However, 

deer mice were captured more frequently in 1996 (U = 8.0, P 

= 0.004) and voles more frequently in 1997 (U = 15.5, P = 

0.019). 

These two years of trapping also revealed contrasting 

relationships between vegetation structure and rodent 

abundance. When deer mice were abundant in 1996, I found a 

significant negative relationship between their abundance 

and vegetation height and density (Fig. 4.5). In 1997, when 

voles dominated the sample, vole abundance was positively 

and significantly correlated with vegetation height and 

density (Fig. 4.6). 

On the Regina Plain, deer mice were the most abundant 

rodent captured among six land use habitat types (Wellicome 

1994). Among pastures on the Regina Plain, deer mouse 

captures were similar to my 1996 results <~S/100 trap 

nights) for native pastures with short sparse vegetation 

(mean Robel score <10) (T.I. Wellicome unpubl. data). Deer 
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Figure 4.5. Deer mice and other rodent species captured 
during 8000 trap-nights in Alberta in 1996. Rodents per 100 
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Figure 4.6. Deer mice and voles captured during 1400 trap 
nights in Alberta in 1997. Rodents per 100 trap-nights was 
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mice in prairie landscapes typically prefer habitat with 

more bare ground and less dense vegetation (Kantak 1996, 

Schwartz et al. 1994, Whitaker 1967). Conversely, meadow 

and prairie voles prefer dense cover (Klatt and Getz 1987). 

My 1997 results confirmed an interesting habitat 

relationship of voles but should be interpreted as an 

unusual year for this region in terms of vole abundance 

(reports of farmers and prevalence of short-eared owls) . 

A classic study from Saskatchewan (Haug 1985, Haug and 

Oliphant 1990) found that at night burrowing owls 

preferentially hunt in areas with taller grass cover (i.e., 

rights-of-way and uncultivated areas). Wellicome (1994) 

also captured considerably more rodents (mostly deer mice) 

in these habitats than in grazed pastures. However, the 

tall, dense vegetation in these habitats may reduce 

burrowing owl access to rodents (Bechard 1982). On Haug's 

fragmented study areas where habitat patches are relatively 

small, triangulation error could contribute to 

misclassification of owl foraging habitat (Marzluff et al. 

1994, White and Garrott 1986, 1990). Also, the exact 

position of a stationary owl does not necessarily reflect 

its spatial perception and foraging habitat. For example, 

an owl sitting on a fence post along a road way would be 

classified as hunting the right-of-way when it is actually 

scanning (and capturing prey in) an adjacent pasture. 

4.8.2 Grasshoppers 

I also found a significant negative relationship 
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between grasshopper captures and vegetation Robel scores 

(Fig. 4.7). A total of 282 grasshoppers were captured. 

These will be identified to species by Dan Johnson and his 

students and published along with the results of our pellet 

analysis (Clayton et al. in prep., Johnson et al. in prep). 

Several grasshopper taxa show a preference for bare 

ground and short, sparse vegetation (Anderson et al. 1979, 

Chappell 1983, Fielding and Brusven 1995, Isely 1937 and 

1938, Quinn et al. 1991, Quinn and Walgenbach 1990, van 

Wingerden et al. 1992, Whitman 1987). Bare ground is 

preferred by some species for oviposition (Isely 1937 and 

1938). Open vegetation structure also facilitates 

thermoregulation by sun basking and heat radiance from the 

substrate (Anderson et al. 1979, Chappell 1983, Whitman 

1987). Van Wingerden et al. (1992) suggested that 

increasing vegetation height and density can decrease soil 

surface temperatures and thus slow the development of eggs 

and nymphs. These factors of habitat selection may explain 

the negative correlation I found between vegetation height 

and density and grasshopper abundance. However, the 

taxonomic appraisal of my samples will be required to make 

this determination. 
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5. CONCLUSIONS 

The burrowing owl is one of Canada's most critically 

endangered birds. Despite extensive research and management 

efforts, we have little information on what is limiting 

this migratory population. We have even fewer ideas about 

how we can better manage for burrowing owls. 

My research has explored four aspects of burrowing owl 

ecology during late-nesting and pre-migration. 

Dispersal: Both adult and juvenile burrowing owls 

dispersed in random directions from their nest sites (Table 

4.3). Where grassland habitat is limited, and fragmented 

(i.e., the Regina Plain), owls dispersed shorter distances 

and moved less frequently (Table 4.2). 

Survival: Predators and vehicles were the major mortality 

sources for burrowing owls (Table 4.4). Population modeling 

suggests that two-thirds of annual mortality probably 

occurs while on the breeding grounds in Canada. 

Habitat: Owls preferred pastures with shorter grass for 

both nesting and roosting (Table 4.7). 

Diet: Deer mice and grasshoppers were more abundant in 

pastures with short, sparse grass cover (Figures 4.5 and 

4.7). Hence, these prey were available close to the nesting 

and roosting burrows. Grasshoppers and beetles appeared to 

dominate the diet during late summer and autumn. 
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Canada's migratory burrowing owl population is likely 

more limited by mortality than productivity. The low 

survival I have reported suggests that mortality factors in 

Canada may greatly influence the dynamics of this migratory 

burrowing owl population. Troy Wellicome (Wellicome in 

press) has experimentally tested the effects of 

supplemental feeding on productivity, survival, and 

recruitment of burrowing owls. His results suggest that 

food can limit pre-fledging survival. However, supplemental 

feeding did not increase local recruitment. 

Grassland ecosystems worldwide have been exploited for 

farming. Level, treeless, plains are easily plowed, and 

their fertile soils yield good crops. In North America, 

less than 25% of the original native grassland remains (WWF 

1988). The suppression of prairie fires and planting of 

trees across the Great Plains has also altered the 

structure and function of the grassland ecosystems. 

Extirpation of wolves and grizzly bears (the native large 

predator guild) has undoubtedly influenced the system. 

Through large-scale manipulation of North American 

grassland ecosystems we have disrupted their natural 

relationships and cycles. The consequences of our intrusion 

will reveal themselves in many varied, and complex ways. I 

sincerely doubt that humanity can commit to rectifying its 

transgressions enough to accommodate even this one very 

adaptable species. 
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