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Abstract.—The r elationship between landscape (125,664 ha cir cular
plots) fragmentation patter ns and the spatial distribution of Burr ow-
ing Owls (Speotyto cunicularia) was investigated in the heavily frag-
mented grasslands of Saskatchewan.  Data were collected fr om 152
Burr owing Owl sites and 250 random sites located on 1990
LANDSAT-TM satellite images and 1:250,000 scale topographic
maps.  Habitat continuity, patch dimensions and isolation of sites
were characterized by 15 variables.  The stepwise discriminant
function analyses showed that owls were not nesting randomly
across the landscape.  Habitat continuity and patch dimensions wer e
more important than isolation in describing dif ferences between owl
and randomly selected sites within the cor e, but not in the periphery.
The preferred soil type for nesting, lacustrine, was mor e limited in the
core range which may also influence the nesting distribution of
Burr owing Owls.  These results suggest that Burr owing Owls chose
the best r emaining and not the lar gest pieces of habitat, near other
owl sites.

Worldwide, habitat destruction is consider ed a
major cause of wildlife extinctions (W ilson
1989).  Habitat fragmentation is the pr ocess by
which a large and continuous block of natural
habitat is transfor med into much smaller and
isolated patches by human activity (Noss and
Csuti 1994).  However, wildlife populations may
decline not only when habitats ar e directly
eliminated, but also when natural habitats ar e
fragmented to varying degrees.  Habitat frag-
mentation is an important issue in moder n
conservation biology because the impacts on
wildlife populations can be gr eater than what is
predicted based on the area of the habitat
removed alone (Robinson et al. 1992).

Due to agricultur e, The Gr eat Plains of North
America is one of the most heavily modified and
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fragmented ecosystems in the world (Rowe
1987).  These grasslands have variable, some-
times high, plant species diversity because of
differences in climatic conditions, topography,
soil parent material, and the fr equency and
intensity of disturbances such as fir e (Risser
1988).  However, a greater proportion of the
avifauna in grasslands has been declining in
the last few decades than avifauna in forest
habitats (Askins 1993, Herkert 1995, Knopf
1994, Warner 1994).  Moder n agricultural
practices, r eduction of grassland habitats into
smaller and mor e isolated patches, r emoval of
native grazers, fire suppression, the expansion
of woody vegetation, and recent incr eases in
some predators and brood parasites are often
cited as possible causes of these declines
(Herkert 1994, Knick and Rotenberry 1995,
Knopf 1994, Miller et al. 1994, Vickery et al.
1994, Warner 1994).

Some raptor species r espond quickly to habitat
degradation including fragmentation because of
their high tr ophic positions, low densities and
large area requirements (Newton 1979).  In
North America, studies have shown or sug-
gested sensitivity to habitat fragmentation at a
local or study site scale in Norther n Spotted
Owls (Strix occidentalis caurina) (e.g., Hunter
1995 et al., Lehmkuhl and Raphael 1993),
Flammulated Owls, ( Otus flammeolus) (Shafer
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1993), Barn Owls (Tyto alba) (Colvin 1985),
Short-ear ed Owls (Asio flammeus) (Robinson
1991), Norther n Harriers ( Circus cyaneus)
(Robinson 1991), Ferruginous Hawks ( Buteo
regalis) (Schmutz 1987) and Swainson’s Hawks
(Buteo swainsoni) (Schmutz 1987), and Bur -
rowing Owls (Speotyto cunicularia) (James
1993, Warnock 1996).

The Burr owing Owl uses mammal burr ows in
well-drained grasslands and agricultural ar eas
from Canada to Argentina and Chile (Haug et
al. 1993).  Because they ar e often found in
farmland, the Burr owing Owl was believed to
be more tolerant of cultivation than other
raptors (Lepitch 1994).  However , the Burr ow-
ing Owl population has declined pr ecipitously
in Canada from 2,500 pairs to about 1,000
pairs over the last decade (Wellicome and Haug
1995).  Due to this tr end, the Committee on the
Status of Endanger ed Wildlife in Canada
(COSEWIC) classified the Burr owing Owl as an
endangered species (Wellicome and Haug
1995).  A demographic model of Saskatchewan
Burr owing Owls predicts extirpation within 20
years (James et al., in pr ess).

The present extent of Burr owing Owl breeding
habitat is estimated at only 27 per cent of the
prairies in Saskatchewan (Wellicome and Haug
1995).  It should be noted that this estimate
includes land that is not suitable for Burr owing
Owls (e.g., rocky soil, hilly terrain, r egularly
flooded lowland).  As a result, cultivation of
Burr owing Owl habitat has occurr ed more
quickly (up to 3 per cent per year fr om 1979 to
1986) than the rate of r eduction in pastur e
land suggests (0.8 percent per year between
1966 and 1991) (Hjertaas and L yon 1987,
Wellicome and Haug 1995).  Lacustrine soils
make ideal habitat for primary burr owers’ and
support the lar gest number of Burr owing Owls
compar ed with other soil types (Wellicome and
Haug 1995).  However, these soils are heavily
fragmented because they make choice far m-
land.

The purpose of this study was to examine the
relationships between habitat continuity, patch
dimensions, isolation, and the spatial distribu-
tion of 152 Burr owing Owl sites in Saskat-
chewan at a large landscape scale (125,664 ha
area).  Specifically, we wanted to detect any
differences between randomly-selected loca-
tions and owl locations in the cor e and periph-
eral portions of the owl range, and r elate the

results to Burr owing Owl ecology and manage-
ment.

METHODS

Data Collection and Pr ocessing

Operation Burr owing Owl (OBO) is a private
land stewardship program designed to pr otect
and enhance Burr owing Owl nesting habitat
(Dundas 1996).  It is the only available data set
with many nesting sites fr om the curr ent
Burr owing Owl range in Saskatchewan (about
169,000 km2).  It contains infor mation about
the number of nesting pairs since 1987 at each
OBO site.  We mapped 1,144 owl breeding sites
onto 1:250,000 scale topographic maps and
found them on 19 1990 LANDSA T-TM satellite
images.  The satellite images were taken in the
fall of 1990.  It was assumed that those habitat
patterns in 1990 were constant and r epresen-
tative for the whole period.  Of course, this was
not strictly true as habitat loss and fragmenta-
tion continued over this period.  In addition,
habitats in the satellite images wer e classified
as potential owl breeding habitat (pastur e/
grassland) and non-owl habitats (all other cover
types) based on known Burr owing Owl habitat
preferences (Haug et al. 1993).

A projector called a Pr o-Com 2 (Glengarry
GeoScience Ltd., Ottawa) was used to magnify
the images to a scale of 1:125,000, and pr oject
the images onto a table for the r ecording of
habitat patter ns.  This scale was selected
because it gave the best compr omise between
magnification and r esolution.  Scale is impor -
tant because it influences the questions that
can be addressed, procedures followed, the
observations obtained, and the interpr etation of
the results (Andr en 1994).  At this scale, patch
size of 4 ha and a linear distance of 200 m
represents the lowest limit of r esolution for
accurate measur ement purposes.  The upper
limit of r esolution was 125,664 ha (20 km
radius).

Plot size selection was determined by fine or
coarseness of the landscape and the acquisi-
tion of statistically adequate sample sizes.  T o
resolve these issues, the foraging plot size of
2.7 km radius (2,290 ha ar ea) and the dis-
persal plot size of 20 km radius (125,664 ha
area) were used in this study.  The foraging plot
size was based on the maximum foraging
distance of Burr owing Owls in Saskatchewan
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(Haug and Oliphant 1990).  The dispersal plot
size was based on our unpublished median
year to year breeding dispersal distance of owls
in Saskatchewan (James, unpubl. data).

We selected 117 OBO sites with 7 years (1987-
1993) of complete data plus an additional 35
OBO sites with 6 years of data, to maximize
sample sizes.  If the plots of individual owl sites
did overlap 50 or mor e percent at the 20 km
radius, only one site was selected.  The selec-
tion was based on the site with the maximum
number of years of verified owl data.  If they
were the same, one site was randomly selected.
This was done in an attempt to contr ol for
statistical independence of random and owl
locations.  T wo hundred and fifty random sites
of any habitat, not occupied by owls, wer e also
selected from the satellite image and located on
the 1:250,000 scale topographic maps.

An arbitrary minimum owl site density was
used to classify random and OBO (owl) sites as

either cor e or peripheral.  Ar eas with a mini-
mum OBO site density of 1.5 per 1,000 km 2 or
greater were classified as core.  The OBO
density of 1.5 sites per 1,000 km 2 is equivalent
to six OBO sites per quadrat (about 4,000 km 2)
in figur e 1.  The peripheral portion of the owl
range was defined by an OBO site density of
less than 1.5 sites per 1,000 km 2 (fig. 1).

All habitat patter ns and all OBO sites within a
20 km radius of the 152 selected OBO sites
and the 250 random locations wer e recorded
onto white sheets (“habitat sheets”) at the
selected scale of 1:125,000.  A planimeter was
used to measur e areas of natural habitat
patches.  A digital measuring wheel was used
to measur e edges of natural habitat patches
and distances between natural habitat patches.
The shortest edge to edge distances were
measured between habitat patches.  Distances
between owl sites were measured on the
1:250,000 scale topographic maps.

Figure 1.—Numbers and distribution of occupied sites or “colonies” as reported by Operation Burrow-
ing Owl in Saskatchewan in 1993.  Each square represents a quarter of a 1:250,000 scale map
sheet.  The core portion of the Saskatchewan Burrowing Owl (Speotyto cunicularia ) range was
delineated by squares with six or more sites in 1993 (modified from Wellicome and Haug 1995).
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Previous work has shown that continuity,
patch dimensions and isolation of natural
habitat patches can have important ef fects on
animal populations (see Herkert 1994, Knick
and Rotenberry 1995, V ickery et al. 1994).
Continuity of habitats within the two plot sizes
(2,290 and 125,664 ha) for each owl and
random site was measured with four variables:
percent grassland (%G 20), total ar ea to total
edge ratio (A/E), number of patches (No.P .),
and percent grassland to number of patches
ratio (%G/No.P) (table 1).  Ar ea (AOP), perim-
eter or edge (EOP), and shape (AOP/EOP) of
patches were measured for patches containing
either a selected owl or a random site (table 1).
Three common isolation measur es were used in
this study:  distance to the near est patch
(DNP), distance to the second near est patch
(DNNP), and distance to the near est owl site
(DNO) (table 1).  The number of owl sites (No.
Sites) were counted within a 20 km radius of
an owl or random site (table 1).  The number of
sites is another indicator of isolation because
the number of nearby known sites should
decline with incr eased habitat fragmentation.

Statistical Analyses

This study was correlative in natur e; thus
cause and effect were inferred rather than

experimentally demonstrated unlike
Diffendorfer et al. (1995) and Robinson et al.
(1992).  Four assumptions for parametric
univariate and multivariate analyses were
examined:  randomness and independence of
sites, the nor mality of variables (Shapir o-Wilks’
W test), and the equality of variances (Levene’s
test).  Data were log or squar e root transfor med
to nor malize the data where possible (table 1).
Unless indicated, all statistical pr ocedures were
run with Statistica for W indows (StatSoft Inc.
1994).

Previous work showed that cor e and peripheral
portions of the owl range wer e significantly
different in patter ns of habitat fragmentation
(Warnock 1996).  T ukey’s Honest Significant
Difference (HSD) (a variant of ANOV A) test for
unequal sample sizes was used for nor malized
variables.  The nonparametric Mann-Whitney
U-test was used for variables that could not be
normalized through transfor mations (Sokal and
Rohlf 1981).  These univariate tests wer e used
to compar e owl sites and random sites.  Multi-
variate stepwise discriminant function analysis
(DFA) is commonly used to assess the ef fective-
ness of variable sets in discriminating between
groups.  Two DFAs were used to find out which
measured components wer e most corr elated
with the discrimination of owl and random

Table 1.—Abbreviations and units of variables used in Saskatchewan Burrowing Owl (Speotyto
cunicularia ) study.

Variable Description

%G Percent grassland.  (log transformed at 20 km radius and non-transformed at 2.7 km radius.)
A/E Total area to total edge ratio in ha/km. (log transformed at 20 km radius and non-transformed at 2.7 km

radius).
No.P. Number of patches. (log transformed at 20 km radius and non-transformed at 2.7 km radius).
%G/No.P Percent grassland to number of patches ratio. (log transformed at 20 km radius and non-transformed at

2.7 km radius).
AOP Area of patch containing either an owl or random location in ha. (Non-transformed).
EOP Total edge of patch containing either an owl or random location in ha. (Non-transformed).
AOP/EOP Area to edge ratio for owl or random patch in ha/km. (Non-transformed).
DNP Distance to the nearest patch in km. (Square-root transformed).
DNNP Distance to the second nearest patch in km. (Square-root transformed).
DNO Distance to the nearest owl location in km. (Log transformed).
No. Sites Number or nearby owl sites within 20 km radius. (Non-transformed).
N Sample Size

A 20 km radius is based on the median breeding dispersal of owls and a 2.7 km radius is based on the maximum foraging
distance of owls.  Untransformable refers to an inability to obtain a normal distribution of data or a skewed distribution
due to small sample sizes.  Logarithmic (log) and square-root transformations were used to normalize variables where
possible for analyses.
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locations in the cor e and peripheral owl ranges
in Saskatchewan.  A chance corr ected classifi-
cation was used to r emove the ef fects of chance
on statistical significance of each DF A (Titus et
al. 1984).

RESUL TS AND DISCUSSION

Peripheral owl sites had much gr eater (P <
0.05) continuity of natural habitat within a 20
km radius (%G) than peripheral random loca-
tions (table 2).  This r esult is consistent with
the habitat fragmentation hypothesis.  W ith
this hypothesis, one can pr edict mor e habitat
around nest sites of habitat fragmentation
sensitive species than random locations.  For
example, similar r esults were obtained in
several habitat patter ns studies of the Norther n
Spotted Owl, a habitat fragmentation sensitive
species (e.g., Hunter et al. 1995, Lehmkuhl and
Raphael 1993).

In the cor e owl range, owl locations had much
lower continuity of habitat ( P < 0.05) within a
20 km radius with smaller A/E and %G/No.P
ratios and larger number of patches (table 2).
Patch dimensions of cor e owl locations were
much smaller ( P < 0.05) than random locations
(AOP and AOP/EOP) (table 2).  These r esults
support the r eported field observations of

Saskatchewan Burrowing Owls nesting in small
habitat patches (Haug, 1985, Houston et al.
1996).  Similar r esults were shown for the
Great Horned Owl (Bubo virginianus) (Hunter et
al. 1995).  If one accepts the habitat fragmenta-
tion hypothesis, lar ger numbers of a ‘sensitive’
species should be in contiguous and less
isolated patches (e.g., Hanski 1994).  A variety
of factors could explain the distribution of cor e
owl locations.  They include habitat quality
effects on habitat selection (see below) and bias
in having Operation Burr owing Owl sites in a
very fragmented natural landscape in the cor e
Burr owing Owl range in Saskatchewan.

It appeared that owls prefer more fragmented
but less isolated habitat in the cor e (table 2).
This preference may be due to habitat selection
at a lower scale where burr ow and prey avail-
ability (related to soil type), ar e the primary
determinants.  Abundance of Burr owing Owls
is probably greatest with lacustrine soils,
because of higher burr ow availability (Welli-
come and Haug 1995).  Soil types appear ed to
be a factor in Burr owing Owl abundance and
distribution by deter mining the pr esence of
ground squirr els, voles, and deer mice
(Laundre and Reynolds 1993).  Also, pr evious
work showed that proportions of the major soil
types did differ significantly between the cor e

Table 2.—Significant differences between Burrowing Owl (Speotyto cunicularia ) and random sites in
the core and peripheral ranges in Saskatchewan (P < 0.05).

Core range Peripheral range
Variable      Owl Random Variable      Owl Random

N 57 53 N 95 197
A/E20* 56.27 + 3.49 73.19 + 5.26 %G20* 19.20 + 1.33 16.19 + 1.23
No.P20* 52.05 + 1.98 38.24 + 1.64 DNO*  5.75 + 0.52 23.10 + 1.93
%G/NoP20*  0.34 + 0.04  0.61 + 0.08 No.Sites#  6.02 + 0.41  3.21 + 0.26
No.P2.7#  2.49 + 0.18  1.74 + 0.13
AOP# 2403 + 790 8022 + 3079
AOP/EOP# 27.52 + 5.87 43.21 + 8.53
DNP*  1.21 + 0.12  1.88 + 0.17
DNNP*  2.01 + 0.16  2.65 + 0.12
DNO  3.83 + 0.57  5.31 + 0.55

Reported means of landscape characteristics (+ 1 SE). are untransformed.
* = Tukey’s Honest Significant Difference for unequal sample sizes (ANOVA).
# = Mann-Whitney U-test.
20 = 20 km radius. 2.7 =  2.7 km radius.
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greater predation because pr edators have been
shown to search mor e thor oughly along pas-
ture edges near cover (Sugden and Beyers-
bergen 1986).  Nest pr edation is a major cause
of nest failur e and abandonment in Burr owing
Owls (Green and Anthony 1989, Wellicome and
Haug 1995).  Burr owing Owls do not avoid
pasture edges because their br eeding season
does start before crop seeding begins, when
visibility is still good near cultivated fields, thus
they may be adversely affected by edge effects
(Wellicome and Haug 1995).

Peripheral owl sites were near mor e owl sites
(No.Sites) than random locations in the periph-
ery (table 2).  Isolation was much lower ( P <
0.05) for owl sites than for random locations in
the cor e (DNP, DNNP, and DNO) and peripheral
portions of the range (DNO) in Saskatchewan
(table 2).  Isolation may be less important in
the cor e because the fragments although
smaller are closer together and owl site density
(although declining, W arnock 1996) was greater
than in the periphery.  Nesting near other owls
in the periphery may be important for success-
ful dispersal and pairing success (Faabor g et al.
1993).  A reduced amount of isolation was also
important for the pr esence of several tall-grass
prairie bir ds (Sampson 1980), and Columbian
ground squirr els (Spermophilus columbians
(Ordi)) (Weddell 1991) in natural habitat
patches.

Two stepwise DFAs (table 3) corr ectly classified
more owl and random sites than pr edicted by
chance alone in the cor e and periphery (P <
0.05) (T itus et al. 1984).  The following vari-
ables (and their corr elation coef ficients) were
important in distinguishing cor e owl locations
and core random locations:  the number of
patches in a 20 km radius (0.743), isolation
(DNNP (0.739), DNO (0.663)), and patch dimen-
sions (AOP/EOP (0.648)).  In the periphery, the
following variables (and their corr elation coef fi-
cients) were important in distinguishing owl
locations fr om random locations:  isolation
(DNO (0.888)), number of patches in a 2.7 km
radius (0.727), continuity of habitat (%G/No.P
(2.7) (0.744), (A/E (20) (0.733)), and the patch
area (AOP, (O.723)).  These r esults suggest that
Burr owing Owls were not nesting randomly
across the landscape (tables 2 and 3).  These
results are supported by Duncan (1995) who
mapped known owl sites in the last 7 to 14
years on the Canadian prairies.  For  example,
there were well-defined concentrations of
Burr owing Owl sites and large tracts in the

and the periphery ( P < 0.05).  Specifically, the
core had significantly less of the primary
burr owers’ (ground squirr els) preferred lacus-
trine soil type (22.7 per cent of landscape) than
the peripheral range (33.7 per cent of land-
scape) (Warnock 1996).  Lacustrine soils make
ideal burr ow substrates and farmland because
they are flat, have few rocks and are sandy or
silty loam soils (Wellicome and Haug 1995).
These results suggest that optimal Burr owing
Owl habitat is mor e limiting and that owls
could be selecting the best r emaining not the
largest blocks of habitat in the cor e range.  In
other words, more Burr owing Owls have been
found in small uncultivated patches with
lacustrine soils than any other cover type.

However, nesting in small natural patches may
have additional risks.  For example, Haug
(1985) found that Burr owing Owl home range
size increased with the percentage of cultiva-
tion.  In fragmented landscapes, Burr owing
Owls may forage greater distances and spend
more time away from the nest, making them
more vulnerable to pr edators, and ther efore,
less efficient at r eproduction.  Some highly
fragmented owl locations used in this study
had very many pairs from 1987 to 1993.
Higher raptor densities in small habitat frag-
ments have been r eported before in the litera-
tur e (e.g., James 1993, Loman 1991).  Cr owd-
ing into small patches can incr ease foraging
inter ference, aggression, and conspecific
predation (Saunders et al. 1991).  Intraspecific
competition is thought to be a major cause of
nest abandonment and low pr oductivity of
dense Burr owing Owl colonies (Gr een and
Anthony 1989).  High densities of nests may
attract pr edators while lower densities would
force the pr edators to concentrate on their
staple prey (Sugden and Beyersbergen 1986).
Stochastic events such as flooding and pr eda-
tion ar e also likely to incr ease the probability of
nest site abandonment by Burr owing Owls
from small habitat fragments (Hinsley et al.
1995).  These events may explain the popula-
tion decline of the Burr owing Owl in
Saskatchewan (Warnock 1996).

In highly fragmented ar eas, such as the cor e of
the range, edges becomes important.  Edge
habitats pr edominate in fragmented land-
scapes.  Many studies have shown that artifi-
cial nests (e.g., Bur ger et al. 1994) and natural
nests (Johnson and T emple 1990) suf fer
greater predation rates when placed near
edges.  Owls nesting near edges would suffer
482



peripheral ar ea that seemed lacking owls.  It is
likely that the spatial arrangement (tables 2
and 3) and the habitat quality of patches and
historical and stochastic pr ocesses likely
influence owl distribution, once the locational
bias in the OBO database is r emoved (Hinsley
et al. 1995).

Owl sites may be more limited in the periphery
than in the cor e because most owl sites were
‘misclassified’ a posteriori by the DF A model as
random sites (table 3).  Habitat modification at
distant sites could af fect the distribution of
existing Burr owing Owl sites by increasing the
distance between sites and thus decr easing the
probability of dispersal between owl sites.
Isolation interrupts the flow of individuals
between patches and lowers the pr obability of
individuals dispersing fr om or into them
(Fahrig and Merriam 1994).  Burr owing Owls
can travel the distances between patches and
owl sites.  However, isolation incr eases preda-
tion exposur e, incr eases delays in finding
another owl colony, nest burr ow, or mate, and
lowers the feeding efficiency.  This may help to
explain nesting in sub-optimal habitats such as
roadsides, cropland or fallow (Wellicome and
Haug 1995).  In short, isolation may deter mine
how much risk associated with dispersal, and
thus the year -to-year occupancy of owl sites
(Faaborg et al. 1993).

CONSER VATION IMPLICA TIONS

Burr owing Owls have the capacity for rapid
population r ecovery because of their high
reproductive potential and their br oad prey
spectrum (W ellicome and Haug 1995).  W e
recommend that management focus on the cor e
portion of the Burr owing Owl range in Saskat-
chewan because the cor e contains most of the
remaining owls and the population decline

Table 3.—Stepwise discriminant function analyses of core and peripheral Burrowing Owl (Speotyto
cunicularia ) sites in Saskatchewan.

    Core sites Peripheral sites
Group       Correctly classified Group      Correctly classified

Owl (N = 57) 78.95% Owl (N = 110) 47.74%
Random (N = 95) 77.36% Random (N = 197) 91.33%
Total (N = 110) 78.18% Total (N = 292) 76.71%
Z= 5.57 Z= 5.90
P= 0.0001 P= 0.0001

there is less severe (Warnock 1996).  Stabilizing
the cor e population will be critical for the long-
term conservation of the species in
Saskatchewan.  The cor e will likely serve as a
‘source’ where reproductive output is gr eater
than mortality.  Such sour ces have maintained
regional populations of Midwester n forest
songbirds (Robinson et al. 1995).  The r esults
of this study suggest that maximizing the
continuity of habitat and incr easing the num-
ber of accessible patches with optimal dimen-
sions in the cor e range would be a good strat-
egy.

The conservation of the Burr owing Owl has a
high level of support in Saskatchewan and
many habitat patches ar e already protected
under Operation Burr owing Owl (Wellicome
and Haug 1995).  However, additional patches
in private and public ownership could be
protected.  Most of the known Burr owing Owl
sites are on private land (an artifact of OBO).
The provincial and federal governments hold
title to most of the r emaining large prairie
blocks in Saskatchewan but the distribution of
Burr owing Owls on these lands is poorly
known (Wellicome and Haug 1995).  T o in-
crease the continuity of Burr owing Owl habitat,
additional private and public Burr owing Owl
habitat needs to be identified and pr otected
through close coor dination and cooperation
between conservation agencies and private
landowners and Crown land leasees.

If the cor e population is stabilized, the focus
could then shift to persistent peripheral owl
sites.  Occupancy can be enhanced by incr eas-
ing habitat quality, lowering isolation between
nearby owl sites and the sour ce population,
minimization of fragmentation in the maximum
foraging distance and minimization of patch
edges of persistent owl sites.  We would hope
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that these would become mini-sour ces within
the periphery.

In conclusion, it appear ed that patter ns of
habitat fragmentation af fected the abundance
and distribution of owl sites.  Ther efore, it is
likely that habitat fragmentation on the br eed-
ing grounds has been a major contributing
factor in the decline of Burr owing Owl in
Saskatchewan.  However, remember that the
study was correlative in natur e, and thus
cause and effect relationships were inferred
rather than pr oved.  Demographic parameters
for Burr owing Owls are only now being quanti-
fied and the understanding of the r elationship
between habitat fragmentation and demo-
graphic pr ocesses require more work (James et
al. 1997).  The conservation of the Burr owing
Owl and the prairie ecosystem ar e intertwined.
We can reduce the impacts of habitat fragmen-
tation on Burr owing Owls and costs of their
recovery by creating and protecting additional
grassland habitat.
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