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Introduction 

Worldwide, habitat destruction is 
considered one of the leading causes 
of wildlife extinctions. However, wild¬ 
life populations may decline not only 
when habitat is directly eliminated, 
but also when habitat is degraded to 
varying degrees. Habitat fragmenta¬ 
tion is the transformation of large 
continuous blocks of habitat into 
much smaller, isolated patches. This 
process has been recognized as one 
of the most important issues in mod¬ 
ern conservation biology because 
the impact on wildlife populations is 
greater than what is simply predicted 
on the basis of the area of the habitat 
removed.17 

The Great Plains of North America 
is one of the most heavily modified 
and fragmented ecosystems in the 
world mostly due to agriculture.16 
These grasslands have variable or 
high plant species diversity because 
of differences in climatic conditions, 
and the frequency and intensity of 
disturbances such as fire. Modern 
agricultural practices, the elimination 
of most grasslands, removal of na¬ 
tive grazers, fire suppression, the ex¬ 
pansion of woody vegetation and 
recent increases in some predators 
and cowbirds are often cited as 
possible causes of declines.5,7,14,19 
Reproductive potential, dispersal 

ability, food supply, habitat selection, 
rarity and vulnerability to human ac¬ 
tions of species interact with the size, 
shape and arrangement of habitat 
fragments, surrounding matrix and 
habitat changes over time. These in¬ 
teractions determine the likelihood of 
survival of small isolated populations 
and ultimately, the species composi¬ 
tion of communities. Habitat related 
issues are thought to be primary 
causes of declines of Short-eared 
Owls, Piping Plovers, Long-billed 
Curlews, Ferruginous Hawks, Swift 
Foxes, Baird’s Sparrows and Log¬ 
gerhead Shrikes on the Canadian 
Prairies.10 

The Burrowing Owl (Athene cuni- 
cularia) is a prairie species that has 
been in precipitous decline in Can¬ 
ada over the last decade (from 2500 
pairs to about 1000 pairs).8 As a re¬ 
sult, the Committee on the Status of 
Endangered Wildlife in Canada 
(COSEWIC) has classified the Bur¬ 
rowing Owl as an endangered spe¬ 
cies.21 It has been estimated that the 
present extent of Burrowing Owl 
breeding habitat is only 27 percent of 
the present total of cultivated and 
pastureland in Saskatchewan.21 It 
should be noted that this estimate in¬ 
cludes land that is not suitable for 
Burrowing Owls. As a result, conver¬ 
sion of Burrowing Owl habitat has 
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occurred more quickly (up to 3 per¬ 
cent per year from 1979 to 1986) 
than the rate of reduction in pasture- 
land suggests (0.8 percent per year 
between 1966 and 1991).9,21 

Methods. The Burrowing Owl was 
used to illustrate the situation on the 
Canadian prairies and as a “focal 
species” for prairie conservation. The 
relationship between landscape frag¬ 
mentation patterns and the spatial 
and temporal distribution and popu¬ 
lation turnover of Saskatchewan Bur¬ 
rowing Owls was investigated on 
125,664 ha circular plots.20 Data 
were collected from 152 Operation 
Burrowing Owl (OBO) plots and 250 
random plots located on 1990 LAND- 
SAT-TM satellite images and 
1:250,000 scale topographic maps. 
The number of Burrowing Owl pairs 
were recorded in each OBO plot. 
Habitat continuity, patch dimensions 
and isolation of sites were measured 
and analyzed with univariate and 
multivariate statistical methods.20 

Results and Discussion 

Spatial Distribution. The spatial ar¬ 
rangement of grassland patches was 
significantly different between the 
core and peripheral areas of the Bur¬ 
rowing Owl range.20 The core 
(Moose Jaw-Regina south to U.S. 
Border) had at least 1.5 OBO sites 
per 1000 km2 and the periphery (rest 
of the Saskatchewan Burrowing Owl 
range) had less than 1.5 OBO sites 
per 1000 km2. Core owl sites had 
smaller patch dimensions and lower 
habitat continuity, but had greater 
owl site persistence probably due to 
immigration from a larger number of 
nearby owl sites than did peripheral 
owl sites. 

Burrowing Owls did not nest ran¬ 
domly across the landscape in Sas¬ 
katchewan.20 It appeared that owls 
preferred more fragmented but less 

isolated habitat in the core area. This 
preference may be due to factors 
such as burrow and prey availability. 
Abundance of Burrowing Owls is 
probably the greatest with lacustrine 
(old lake beds) soils, because of 
higher burrow availability.21 The 
lacustrine soil type was more limited 
(22.7 percent of landscape) in the 
core than in the periphery (33.3 per¬ 
cent of landscape) and this may 
have influenced the selection of 
more fragmented habitat in the core 
range.20 The quality of habitat 
patches in terms of vegetation struc¬ 
ture, presence of fire and introduced 
plant species may also affect the dis¬ 
tribution and population size of 
grassland birds, mammals and 
plants.5,6 

Burrowing Owls do nest in small 
habitat patches and forage over 
other cover types.3,5 This is in con¬ 
trast to grassland species that in¬ 
crease in numbers with patch size 
due to reduced nest predation and 
fewer cowbirds.5 In fragmented land¬ 
scapes, Burrowing Owls may forage 
greater distances within larger home 
ranges and spend more time away 
from the nest, making them more 
vulnerable to predators; and there¬ 
fore, less efficient at reproduction.3 

Some of the highly fragmented 
sites used by Burrowing Owls had 
large numbers of pairs (15 or more) 
from 1987 to 1993.20 Higher raptor 
densities in small habitat fragments 
has been reported previously by 
James.11 Crowding into small 
patches can increase intraspecific 
competition that is manifested as for¬ 
aging interference, aggression and 
cannibalism. Intraspecific competi¬ 
tion is thought to be a major cause of 
nest abandonment and low produc¬ 
tivity of dense Burrowing Owl 
colonies.2 High densities of nests 
may attract predators while lower 
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densities would force predators to 
concentrate on other prey.10 Chance 
events such as flooding and preda¬ 
tion are also likely to increase the 
probability of nest site abandonment 
by Burrowing Owls. These events 
may explain the population decline of 
the Burrowing Owl in Saskatche- 

20 wan. 

In highly fragmented areas, such 
as the core of the range, edge be¬ 
comes important. Several studies 
have shown that artificial nests and 
natural nests can suffer greater pre¬ 
dation rates when placed near 
edges.1,13 Owls nesting near edges 
would suffer greater predation from 
predators such as foxes that search 
more thoroughly along pasture 
edges near cover.21 For example, 
nest predation by badgers is a major 
cause of nest failure and abandon¬ 
ment in Burrowing Owls in Oregon.2 
The Burrowing Owl may be more ad¬ 
versely affected by edge effects be¬ 
cause of nesting in underground 
burrows and selection of pasture 
edges with good visibility at the start 
of the breeding season 21 

Isolation might be less important in 
the core because the fragments al¬ 
though smaller were closer together 
and owl site density was greater than 
in the periphery.20 Nesting near other 
owls in the periphery may be impor¬ 
tant for successful dispersal and 
pairing success. In addition, isolation 
increases exposure to predators, in¬ 
creases delays in finding another owl 
colony, nest burrow, or mate, and 
lowers the feeding efficiency and 
thus decreases the probability of dis¬ 
persal between owl sites. 

Persistence. Continuity of habitat 
can be important to the persistence 
(or the presence) of grassland wild¬ 
life such as Burrowing Owls, clonal 
plants and small mammals over 

time.20 The positive correlation be¬ 
tween persistence and habitat conti¬ 
nuity is often attributed to larger 
subpopulations, reduced predation 
and fewer cowbirds, increased pair¬ 
ing and nesting success, lower rates 
of interspecific competition due to 
less crowding and increased prob¬ 
ability of successful dispersal of indi¬ 
viduals in the landscape.20 

The negative correlation between 
Burrowing Owl persistence and 
amount of patch edge suggested 
edge effects in the peripheral area.20 
Other studies have shown that in¬ 
creased nest predation can be 
greater on smaller patches and with 
increased proximity to patch 
edges.1,13 Persistence may have in¬ 
creased because of successful dis¬ 
persal and higher reproductive 
success due to reduced edge effects 
such as nest predation and intraspe¬ 
cific competition. 

James found direct patch size ef¬ 
fects on the site persistence of Bur¬ 
rowing Owls but I found only indirect 
patch size effects.11,20 The number of 
breeding pairs did increase over time 
with patch size but small patches in 
the core.20 Patch size did indirectly 
affect owl site persistence by deter¬ 
mining the number of owl pairs over 
time. Patch size may be most impor¬ 
tant when the landscape is heavily 
fragmented and there are no large 
patches, as in James’ study.11 Larger 
patch sizes can increase the persist¬ 
ence of grassland species by reduc¬ 
ing the probability of predation of 
individual birds and increasing pair¬ 
ing success. 

Isolation also appeared to be im¬ 
portant to Burrowing Owl persist¬ 
ence. Persistent owl sites appeared 
to have greater patch isolation in the 
core range.20 Lower patch isolation 
appeared to enhance Burrowing Owl 
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year to year dispersal between 
patches in the core and decrease the 
probability of repeated use of iso¬ 
lated patches perhaps due to re¬ 
duced dispersal risks. This pattern 
was also evident in data on the extir¬ 
pation and occupancy of core owl 
sites.20 In contrast, lower isolation 
and more numerous nearby owl sites 
appeared to increase the probability 
that the peripheral owl sites would be 
occupied the following year.20 Habi¬ 
tat modification at distant sites could 
decrease the persistence of existing 
Burrowing Owl sites by increasing 
the distance between sites and thus 
decreasing the probability of suc¬ 
cessful dispersal between owl 
sites.21 

Population Turnover. Turnover 
means a change in the composition 
of biological communities in a de¬ 
fined area due to either the local ex¬ 
tinction or immigration of a species 
or both.20 MacArthur and Wilson’s 
classic theory of island biogeography 
described extirpation and immigra¬ 
tion as processes in a dynamic equi¬ 
librium. 5 To my knowledge, my 
study is the first attempt to examine 
population turnover in a fragmented 
prairie landscape. 20 Some possible 
important factors in the annual turn¬ 
over of species include vegetation 
structure, site fidelity, surrounding 
land use, habitat connectedness and 
size and isolation of habitat frag¬ 
ments.20 

Persistent and occupied Burrowing 
Owl sites had higher levels of isola¬ 
tion in the core. In the core range, 
the negative impact of the isolation of 
patches may have been low for Bur¬ 
rowing Owls as compared to other 
organisms in different landscapes. 
When the isolation effects were rela¬ 
tively large, they influenced the spa¬ 
tial distribution of core and peripheral 
owl sites and the persistence of 

peripheral owl sites.20 Lower patch 
isolation appeared to enhance Bur¬ 
rowing Owl year-to-year dispersal 
between patches because of small 
dispersal risks in the core. 

The amount of patch edge and 
several measures of habitat continu¬ 
ity were important to the difference 
between extirpated and persistent 
owl sites in the peripheral range. 
Edge effects may be important to the 
extirpation of owls from peripheral 
sites because of the negative corre¬ 
lation between peripheral owl site 
persistence and the amount of patch 
edge.20 Increased edge effects can 
contribute to lower reproductive suc¬ 
cess of birds. Burrowing Owls are 
known to move to different pastures, 
especially if there is nest failure due 
to predation.2 Habitat continuity was 
also important to the discrimination 
of extirpated and persistent owl sites 
in the peripheral range.20 Due to 
larger subpopulations, the local ex¬ 
tinction of birds from habitat patches 
is less probable with increasing area 
and habitat continuity.20 

The colonization of core Burrowing 
Owl sites appeared to be enhanced 
by increased habitat continuity.20 
Colonization of core owl sites oc¬ 
curred on small fragments with mini¬ 
mal isolation and high surrounding 
continuity of habitat possibly be¬ 
cause of reduced dispersal risks and 
sufficient resources. Isolation meas¬ 
ures contributed significantly to the 
difference between colonized and 
uncolonized owl sites in the core and 
peripheral ranges. 

As discussed earlier, occupancy of 
core owl sites was enhanced by in¬ 
creased isolation. Owls appeared 
less likely to move if there was no 
nearby patch or owl site, as has 
been observed for small mammals.21 
Greater dispersal risks, such as 
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predation, likely determine the prob¬ 
ability of dispersal between habitat 
patches. Patch dimensions and habi¬ 
tat continuity were important to the 
differentiation between occupied and 
unoccupied Burrowing Owl sites.20 
Occupancy of habitat patches by 
birds, mammals and arthropods is 
often positively correlated with patch 
area and habitat continuity.20 In the 
peripheral range, the amount of 
patch edge may be important to the 
occupancy as well as the extirpation 
of owl sites. 

From 1987 to 1993, extirpation of 
examined OBO sites increased from 
16 percent to 54 percent and occu¬ 
pancy of examined OBO sites de¬ 
creased from 79 percent to 31 
percent.20 These results support pre¬ 
vious work documenting the decline 
of the Burrowing Owl population in 
Saskatchewan.8, 12, 21 It is arguable 
that the patterns of habitat fragmen¬ 
tation contribute significantly to the 
decline of Burrowing Owl in Sas¬ 
katchewan based on the correlations 
with Burrowing Owl spatial distribu¬ 
tion, persistence and population turn¬ 
over. 

Conservation Implications 

Burrowing Owls have the capacity 
for rapid population recovery be¬ 
cause of their high reproductive po¬ 
tential and their broad prey 
spectrum.4 It is recommended that 
management focus on the core por¬ 
tion of the Burrowing Owl range in 
Saskatchewan because the core 
contains the majority of remaining 
owls and the population decline 
there appears to be less severe.20 
Stabilizing the core will be critical for 
the long-term conservation of the 
Burrowing Owl in Saskatchewan. 
The core could then serve as a 
“source” where reproductive output 
is greater than mortality. The results 
of previous work suggest that 
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maximizing the continuity of habitat 
and increasing the number of acces¬ 
sible patches with optimal dimen¬ 
sions would be a good strategy. 

If the core Burrowing Owl popula¬ 
tion is stabilized, the focus could 
then shift to persistent peripheral owl 
sites. Occupancy could be enhanced 
in several ways. Removing marginal 
farmland from production could en¬ 
large habitat patches and reduce iso¬ 
lation between nearby owl sites. In 
addition quality of habitat patches 
can be improved by a mix of short 
and taller vegetation and more bur¬ 
rows and patches within Burrowing 
Owl home ranges. These actions 
would also likely benefit other prairie 
wildlife species. 

The conservation of the Burrowing 
Owl has a high level of support in 
Saskatchewan and a large number 
of habitat patches are already pro¬ 
tected under Operation Burrowing 
Owl.21 Therefore, the Burrowing Owl 
could be used as an “focal species” 
for prairie conservation. OBO could 
also serve as a model for new land 
stewardship programs. OBO in Al¬ 
berta evolved into Operation Grass¬ 
land Community to include other 
threatened grassland species in the 
program and to develop a more eco¬ 
system-based approach to conserva¬ 
tion (Dave Scobie, pers. comm.). In 
addition, more habitat patches in pri¬ 
vate and public ownership could be 
protected. For example, the majority 
of known Burrowing Owl sites are on 
private land. The provincial and fed¬ 
eral governments hold title to most of 
the remaining large blocks of prairie 
in Saskatchewan. However, the dis¬ 
tribution of Burrowing Owls on these 
lands is poorly known.21 To increase 
the continuity of grassland habitat for 
Burrowing Owls and other species, 
additional private and publicly owned 
prairie habitat needs to be identified 
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and protected through close coordi¬ 
nation and cooperation between con¬ 
servation agencies and private 
landowners and Crown land leasees. 
Carrying out the set of recommenda¬ 
tions for the redesign of Canadian 
farm support programs, tax assesss- 
ments and Crown land policies by 
Thornton et al. would likely make it 
more economically advantageous for 
farmers to remove marginal land 
from cultivation and protect and re¬ 
habilitate wildlife habitat on their 
land.18 

In conclusion, it appears that pat¬ 
terns of habitat fragmentation do af¬ 
fect grassland wildlife. The 
Burrowing Owl is a good example 
because the abundance, persistence 
and distribution of Burrowing Owl 
sites were correlated with the pat¬ 
terns of habitat fragmentation.20 The 
conservation of the Burrowing Owl 
and the prairie ecosystem are linked. 
We can reduce the impacts of habi¬ 
tat fragmentation on Burrowing Owls 
and other grassland species and re¬ 
duce costs of their recovery by pro¬ 
tecting existing and creating 
additional grassland habitat. 
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