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Abstract.—For est_fragmentation thr ough timber harvesting, agricul-
tural clearing, and other industrial activities is incr easing on the
Canadian landscape. This study was conducted in or der to gain an
understanding of habitat r equirements for br eeding Great Gray Owls
(Strix nebulosa) in the for est_fragments of central Alberta. I examined
landscape and nest site characteristics ar ound Gr eat Gray Owl nests
in these fragmented landscapes. Data wer e collected by owl banders
who surveyed the study area by vehicle. When a Gr eat Gray Owl was
observed, the forest patch was searched until a nest site was located.
Infor mation on nest tr ee, vegetation, and nest type was recorded to
identify basic characteristics of the _for est fragment containing the
nest. Using aerial photographs and a digital planimeter , the size of
the forested fragments, the edge/area ratio, the distance fr om the
nearest forest patch and the per cent of forested land in a 1.15 km
radius cir cle were measured. Similar infor mation was collected from
randomly selected areas to determine general habitat availability. Of
19 nests studied, all were located in mixed-wood for ests; 17 nests

were stick nests; two were in stumps. All nests wer e located in
poplar trees (Populus spp.). Of the available habitat, ther e was a
trend for owls to be located in lar ger forest patches, areas with a
greater percent of for ested area in the home range, and for est patches
with less edge in relation to ar ea. Although for est edge is an impor -
tant component of Gr eat Gray Owl habitat, it is evident that the
amount of for ested area adjacent to the edge is equally as important

Jor the nesting of this species.

Industrial for est harvesting, clearing of for ested
land for agricultural purposes, and oil and gas
exploration ar e activities that contribute to
increasing the amount of fragmentation in
Canada’s boreal forest. Apart from the obvious
structural change in the for est, very little is
kknown about the avian communities that
inhabit these newly cr eated _fragments and
residual forest patches.

Studies have been conducted for owl species in
Jragmented landscapes (Redpath 1995); how-
ever, few projects have looked specifically at
Great Gray Owl (Strix nebulosa) biology in
Jragmented norther n forests. It is known that
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Great Gray Owls tend to nest in older, mixed-
wood forests of Alberta (Oeming 1955); how-
ever, the landscape featur es of the nesting ar ea
are not well described. Several studies have
suggested that certain featur es such as bogs
and wetter areas are often associated with
Great Gray Owls in the bor eal forests of
Canada (Duncan 1992, Harris 1984, Ner o
1984), but this habitat association has never
been documented in Alberta.

My objective was to summarize infor mation
obtained from several years of owl banding in
Alberta, to characterize landscape featur es of
owls in fragmented forests. The aims of this
study were:
* To determine the minimum patch size
used by Great Gray Owls in Central
Alberta.
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* To measure landscape characteristics
surrounding Gr eat Gray Owl nesting
areas.

* To test whether or not edge plays a
significant role in habitat selection by
Great Gray Owls.

* To identify the characteristics of Gr eat
Gray Owl nests in Alberta (for est type,
nesting tr ee utilized, nest type).

* To measure the reproductive success of
Great Gray Owls breeding in landscapes
Jragmented by agricultur e.

METHODS

The data used in this study wer e obtained from
the Alberta Natural Resour ces Service, incorpo-
rating Great Gray Owl nesting records that
were recorded by banders in central Alberta
between 1990 and 1995. The banders (Ray
Cromie and T revor Roper) annually conduct
raptor surveys to locate hawlk and owl nests,
and compile this infor mation for the Alberta
Natural Resour ces Service.

The survey technique used by the banders to
obtain this data involved driving along selected
roads until a Gr eat Gray Owl was observed.
The roads were selected based upon their
proximity to patches of fragmented for est.
There was a selection bias towards older
mixed-wood stands, as the banders pr eferred to
survey roads adjacent to patches of older
mixed-wood forests. The roads were driven
between 1 to 15 times, with an average of 10
times for each r oad. Over 3,000 km were
traveled between January and March each
year. Roads in the survey were concentrated
around Fort Saskatchewan, but cover ed areas
as_far north as Smith, as far south as Rocky
Mountain House, as far east as Edson, and as
Jar west as Lamont. All of the r oads were
located in central Alberta.

The survey area encompassed a variety of
different agriculturally fragmented landscapes.
These landscapes typically contained r emnant
patches of forests, scattered among cleared
fields (used for grazing and agricultural cr ops)
and towns. The forest patches in the ar ea were
largely composed of bor eal forest vegetation,
including Picea mariana (black spruce), Picea
glauca (white spruce), Populus balsamifera
(balsam poplar), and Populus tremuloides
(trembling aspen) as the dominant tr ee species.
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When an owl was observed, its location was
recorded on a map. If an owl, or a pair of owls,
was detected at the same location mor e than
once, or if an owl or pair of owls was r ecorded
near a _forest patch in Mar ch, the for est patch
was searched intensively until a nest site was
located. When a nest was found, its location
was marked on a map and basic nest infor ma-
tion (including legal land location, nest type,
and nesting tr ee) was recorded. Nests were
revisited to deter mine the r eproductive success
(determined by the number of chicks success-
fully reared to banding age).

Using aerial photographs of the nest ar eas,
infor mation was collected on landscape charac-
teristics. The size of the woodland patch in
which the nest was located was determined by
tracing this patch with a digital planimeter
(PLANIX 7, T amaya & Company Ltd). Any
barrier (r oad, water, buildings, clearing) was
considered to be an obstruction to the for est,
and the patch measur ement did not extend
beyond those barriers. T o measure the amount
of edge in relation to the size of the for est
patch, the perimeter of the nest patch was
measured and divided by the area of the patch.
This was recorded as the edge/area ratio. The
stand type was also interpreted from the aerial
photograph as mixed-wood (a_for est containing
both Picea spp. and Populus spp.), pur e conifer -
ous (a forest consisting mostly of Picea spp.), or
pure deciduous (a_for est consisting mostly of
Populus spp.) by using a ster eoscope. An
estimate of tr ee density within the stand was
also estimated as less than 25 per cent, 26-50
percent, 51-75 per cent, or gr eater than 75
percent.

Other landscape characteristics wer e studied
by looking at land featur es_found withina 1.15
lkm radius of the center of the nest patch. A
1.15 km radius was selected based upon a
description by Craighead and Craighead (1956)
which suggested that Gr eat Gray Owls travel
over an area that can be as large as a circle 2.3
lkm diameter ar ound the nest. Although this
maximum range size_fr om the Wyoming area is
rather large, it is likely to be appr opriate _for the
boreal forest of Alberta, as other norther n owls
(such as the Barr ed Owl, Strix varia) have been
noted to have lar ger range sizes in Canada
(James et al. 1995). Within this radius of the
nest, the following featur es were recorded:
number of other for est patches, sizes of other



patches, proximity of other patches to the nest
patch, and per centages of different land types
(agriculturally clear ed land, forested land, oil
and gas, bogs, bare soil).

To compar e the Great Gray Owl nest site
locations with the available habitat, for est
patches were selected randomly along the
banders’ transect routes. This was done by
laying a number ed grid over the aerial photo-
graphs and using a randomly generated num-
ber to select a for est patch. The same data
were collected for the nest patches.

The forest type and vegetation density of
patches containing nests wer e compared to
available habitat using a G-randomization test.
The other landscape variables were compar ed
using the Mann-Whitney U test. The values for
edge/area ratio were tested for their corr elation
with the percent of for est in the home range by
pairing the nest site values with the available
habitat values that had the same per centage
Jorest in the home range (W ilcoxon signed rank
test). Non-parametric tests wer e used because
of the non-nor mal distribution of the data.

RESUL TS AND DISCUSSION

Landscape Featur es Associated with Gr eat
Gray Owl Nests

Bogs, oil and gas development, water, and
buildings were detected at very low _frequencies
in the radius of both the nest sites and the
randomly selected areas and were therefore not
tested for in the statistical analysis. Studies of
Great Gray Owl habitat in Manitoba (Duncan
1992, Nero 1980) and Saskatchewan (Harris
1984) have shown an apparent pr eference _for
nesting sites adjacent to musieg or bog ar eas.
No apparent association between Gr eat Gray
Owl nests and bogs or muskegs was found in
central Alberta study ar ea. This could be
explained by the bias towards surveying mixed-
wood stands; however, it is important to note
that few bogs and muskegs were recorded in
the available habitat (bogs were only detected
in thr ee of the randomly selected ar eas, and in
these areas, composed less than 10 per cent of
the landscape). A mor e likely explanation is
that bogs and muskegs wer e not associated
with Great Gray Owl nests in central Alberta
because they were not available in the ar ea.

A possible theory that could explain why owls
may be _found near muskegs in some Canadian

landscapes and in mixed-wood for ests in other
areas (such as in central Alberta) is the fact
that Great Gray Owls require clearings for
Joraging. These clearings often can appear in
the for m of low growing shrubs (as seen in a
muskeg) or in the for m of grassy agriculturally
cleared fields. The documented dependency of
Great Gray Owls on muskegs may be overly
specific. A mor e correct statement would be
that Great Gray Owls are dependent upon
clearings, which contain available small pr ey.

Numer ous studies indicate that many owls ar e
dependent upon pr ey availability for their
continued survival and r eproductive success
(Adamick et al. 1978, Korpimaki 1984). The
Great Gray Owl is no exception. Mice and voles
male up a very large portion of the Gr eat Gray
Ouwl’s diet (Bull et al. 1989a, Duncan 1992,
Milkkola 1983, Oeming 1955). The habitat
requirements of the common voles in Alberta
(such as Microtus pennsylvanicus) are open,
grassy meadows (Smith 1993). This explains
why, in Alberta, nests of the Gr eat Gray Owl
are located in close pr oximity to clearings such
as a grassy field created through agricultural
Jfragmentation.

The size of the _forest patch in which Gr eat
Gray Owl nests were located was significantly
larger in size when compar ed to the available
patches (table 1). In the ar eas where Great
Gray Owls were _found to occur , ther e were also
significantly greater amounts of for ested area,
and larger forest patches adjacent to the actual
nesting patch (table 1). In the agriculturally
Jragmented landscapes of central Alberta,

Great Gray Owls appear to be found mor e
Jrequently in lar ger patches of forest, sur -
rounded by other for est patches. This is
consistent with Gr eat Gray Owls in Oregon,
where nest sites were always located in forested
areas (Bull and Henjum 1990).

Forest Edge

There was a trend for owls to be located in
areas with lower edge/area ratios (P = 0.06,
table 1). To isolate the effect of edge from
overall amount of for est cover, edge/area of
forest cover ratios for nest sites wer e paired
with randomly selected areas of the same
percentage forest cover. There was no signifi-
cant difference (Wilcoxon; n = 17, z = -0.355, P
= 0.72). This would indicate that the edge/ar ea
is highly corr elated with the percentage of
forest cover.
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Table 1.—Summary statistics of landscape features for forest patches containing Great Gray Owl
(Strix nebulosa ) nests and available habitat throughout the study area in central Alberta. De-
scriptive statistics (sample size, median, and range) are listed for each variable. Mann-Whitney
tests were performed on the variables, and the results indicate that forest patch size, size of
nearest forest patch, and percent of forested land in the owl’s range were significantly different
Jor the owl nest sites when compared with the available habitat (significance at P < 0.05).

Nest patch Available habitat
Median Median U test
Variable N (Range) N (Range) statistic P-value
Forest patch size (ha) 19 29.6 38 17.8 482.5 0.04
(10.8-119.7) (1.0-233.0)
Edge/area ratio 19 81.7 38 107.4 250 0.06
for forest patches (38.4-255.6) (25.4-500.0)
Size of nearest 19 25.6 38 19.8 475.5 0.05
forest patch (ha) (5.6-280) (0.0-145.0)
Distance from nearest 19 40 35 40 263 0.2
forest patch (m) (15.0-330.0) (15.0-2580.0)
Percent of forested 19 55 38 325 494.5 0.02
area in the home range (17.0-95.0) (5.0-90.0)

Great Gray Owls have often been consider ed an
edge dependent species, as they mostly hunt in
open areas adjacent to forest patches (Hilden
and Helo 1981, Mikkola 1983, W inter 1986).
Great Gray Owls show a preference for edge
environments, which allows them to hunt in

the cleared environments wher e their micr otine
prey is often found. In my study, the owls all
nested in a fragmented envir onment where
there was a great deal of edge produced by
agricultural fragmentation. In addition to
quantitative data, Gr eat Gray Owls were visu-
ally recorded by the owl banders to be actively
foraging on the edges of for est patches. These
results suggest that in a_fragmented envir on-
ment, ther e is a preference for areas with a
greater amount of for est area, thus having less
edge. In an agricultural landscape, it is the
Jorested area that is in demand, not the edges.
Although further studies ar e necessary, I would
speculate that this may be the r everse in a
forested landscape, where edge is in demand,
not the for est.

A possible explanation for the gr eater use of

areas with less edge by Great Gray Owls in this
study is that avian pr edators often take advan-
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tage of edge environments. Norther n goshawls
(Accipiter gentilis) and Great Horned Owls
(Bubo virginianus) frequently prey on juvenile
Great Gray Owls (Duncan 1987, Ner o 1980).
Logically, it would be to the benefit of the Gr eat
Gray Owl to select nest sites in_for ested areas
with a minimal amount of edge.

Nest Characteristics

All of the nests were _found in mixed-wood
Jorests (N = 19), which was significantly dif fer-
ent from the available habitat (68 per cent
mixed-wood, 18 per cent pur e coniferous, and
13.2 percent pur e deciduous; G, =11.27, P =
0.002). This observation is consistent with
Oeming (1955), wher e mixed-wood poplar
stands were noted to be the dominant for est
type used by Great Gray Owls in Alberta.

All of the nests were located in poplar tr ees
(Populus spp.), with 17 out of 19 nests in P.
tremuloides and two in P. balsamifera. Of these
19 nest trees three were dead, and one was
dead with a broken top, the r est of the tr ees
were live (table 2). Of all nests, 17 wer e in stick
nests and two were on stump nests (a nest
located on the tr ee with a broken top).



Table 2.—Summary of information collected on
19 Great Gray Owl (Strix nebulosa ) nest
sites in central Alberta from 1990-1995. The
maximum, minimum, and mean number of
chicks produced are summarized at the
bottom of the table.

Nest Nest Nest Chicks
number tree type fledged
Number
1 Bp stick nest 2
2 Pt stick nest 2
3 Pt stick nest 3
4 Pt stick nest 3
5 Pt stick nest 3
6 Bp(broken top) stick nest 3
7 Pt stick nest 2
8 Pt stick nest 2
9 Pt(dead) stump nest 3
10 Pt stick nest 2
11 Pt stick nest 1
12 Pt stick nest 3
13 Pt stick nest 1
14 Pt(dead) stump nest 3
15 Pt stick nest 2
16 Pt(dead) stick nest 3
17 Pt stick nest 1
18 Pt stick nest 2
19 Pt stick nest 2
Maximum 3
Minimum 1
Mean 2.26

* Two nest tree species were noted:
Bp -Populus balsamifera
Pt -Populus tremuloides

Tree density in the nest patches used by owls
was greater than in the available landscape.
All of the nests (N = 19) wer e _found in _for ests
with tree densities greater than 50 per cent
(31.6 percent were in forests of 51-75 per cent
densities, 68.4 percent were in forests of 76-
100 percent densities), which was significantly
different from the available habitat (26.3
percent in for est densities of 26-50 per cent,
31.6 percent in densities of 51-75 per cent, 42.1
percent in for ests with densities of 76-100
percent; G =9.756, P = 0.01). In general,
owls were often located in r elatively dense
mixed-wood stands which contained poplar
trees with stick nests, stumps, or cavities
suitable for nesting.

Repr oductive Success

All 19 of the owl nests sampled pr oduced
young. The mean number of young fledged per
nest was 2.3 (SD = 0.75), with a maximum of
three chicks, and a minimum of one chick
(table 2). This is consistent with studies in
Oregon which had a mean number of young
per successful nest of 2.3 (Bull et al. 1989b),
and Finland which had 2.4 (Mikkola 1983).
Reproductive success (as measur ed by the
number of chicks fledged per nest) of Gr eat
Gray Owls in the agriculturally fragmented
landscape of central Alberta does not seem to
be measurably different from populations
described elsewhere.

CONCLUSION

The effects of forest fragmentation on raptor
species is poorly researched. Great Gray Owls
are a species which require open areas for
Joraging, and thus for est_fragmentation is
seemingly a necessary landscape feature for
this animal. However, in_fragmented land-
scapes (such as central Alberta) the amount of
edge available for foraging may not be as
important as the amount of for ested area
available for nesting. As_fragmentation of
Jorests continues (e.g., by agricultural and
timber industries), it will be incr easingly impor -
tant to ensur e that matur e _forest patches are
retained in the landscape for nesting of species
such as the Gr eat Gray Owl.

The status of the Gr eat Gray Owl across North
America is uncertain due to the lack of knowl-
edge pertaining to this species (Hayward 1994).
In Alberta, incr easing pressure is being placed
on _forest raptors due to intense for est harvest-
ing in the bor eal forest. Industrial for est
companies ar e attempting to manage for ests
based on ecological and wildlife principals
(Weldwood 1990, Alberta Pacific For est Prod-
ucts 1995), but without baseline biological data
on key species such as the Gr eat Gray Owl, it
will be difficult to successfully implement and
monitor management strategies. T o conserve
species such as the Gr eat Gray Owl, a greater
knowledge base must exist for this species. T o
maintain the species native to the bor eal
Jorests of North America, it will be essential for
Jforest managers and researchers to shar e ideas
and work together to implement management
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plans. Monitoring the long-ter m effects of
different fragmentation patter ns on wildlife
species is a critical aspect of for est planning, if
ecological and wildlife components ar e to be
maintained.

ACKNOWLEDGMENTS

My thanlks to Dr. S. Hannon of the University of
Alberta for allowing me the opportunity to
compile this data as an under graduate indi-
vidual study. I would also like to thank Dr .
Hannon for her support in the analysis of the
data.

I am grateful for the many years that Ray
Cromie, T revor Roper, and Hardy Pletz have
spent banding raptors. It is their field data
that made this pr oject possible. I would like to
thank Bruce T reichel of Alberta Natural Re-
source Service for allowing me access to the
provincial banding data. I am grateful for Dr .
Gordon Court’s help in initiating this pr oject
and his assistance in editing.

LITERA TURE CITED

Adamcilk, R.S.; T odd, A.W.; Keith, L.B. 1978.
Demographic and dietary r esponses of
Great Horned Owls during a snowshoe hare
cycle. Canadian Field-Naturalist. 92(2):
156-166.

Alberta Pacific For est Products. 1995. Bor eal
Ecosystem Management For est. Edmonton
Conference and Workshop.

Bull, E.L.; Henjum, M.G. 1990. Ecology of the
Great Gray Owl. Gen. Tech. Rep. PNW -265.
Portland, OR: U.S. Department of Agricul-
ture, Forest Service, Pacific Northwest
Forest and Experiment Station.

Bull, E.L.; Henjum, M.G.; Rohweder , R.S.
1989a. Diet and optimal foraging of Gr eat
Gray Owls. Jour nal of Wildlife Manage-
ment. 53: 47-50.

Bull, E.L.; Henjum, M.G.; Rohweder , R.S.
1989b. Reproduction and mortality of Gr eat
Gray Owls in Oregon. Northwest Science.
63: 38-48.

Craighead, J.d.; Craighead, F .C., Jr. 1956.
Hawks, owls, and wildlife. Harisburg, PA:
Stackpole Co., and W ashington, DC: W ild-
life Management Institute.

606

Duncan, J.R. 1987. Movement strategies,
mortality, and behavior of radio-mariked
Great Gray Owls in southeaster n Manitoba
and norther n Minnesota. In: Nero, RW.;
Clark, R.J.; Knapton, R.J.; Hamr e, R.H.,
eds. Biology and conservation of norther n

Jorest owls: symposium pr oceedings; 1987
February 3-7; Winnipeg, Manitoba. Gen.
Tech. Rep. RM-142. Fort Collins, CO: U.S.
Department of Agricultur e, Forest Service,
Rocky Mountain For est and Range Experi-
ment Station: 101-107.

Duncan, J.R. 1992. Influence of pr ey abun-
dance and snow cover on Gr eat Gray Owl
breeding dispersal. Winnipeg, Manitoba,
Canada: University of Manitoba. Ph.D.
dissertation.

Harris, W.C. 1984. Gr eat Gray Owls in
Saskatchewan (1974-1983). Blue Jay. 43:
152-160

Hayward, G.D. 1994. Infor mation needs: Gr eat
Gray Owls. In: Hayward, G.D.; Verner, J.,
eds. Flammulated, Bor eal, and Great Gray
Ouwls in the United States: a technical
conservation assessment. Gen. T ech. Rep.
RM-253. Fort Collins, CO: U.S. Department
of Agricultur e, Forest Service, Rocky Moun-
tain For est and Range Experiment Station.

Hilden, O.; Helo, P. 1981. The Gr eat Grey Owl
Strix nebulosa - a bird of the norther n taiga.
Ornis Fennica. 58: 159-166

James, P.C.; Mazur, K.M.; Frith, S.D. 1995.
The Barred Owl as an indicator of old for est
and its role in long-ter m forestry planning.
Prince Albert Model For est Association Inc.
Report.

Korpimaki, E. 1984. Population dynamics of
birds of prey in relation to fluctuation in
small mammal populations in wester n
Finland. Annales Zoologici Fennici. 21:
287-293

Mikkola, H. 1983. Owls of Eur ope. Vermillion,
SD: Buteo Books.

Nero, RW. 1980. The Gr eat Gray Owl: phantom
of the norther n forest. Washington, DC:
Smithsonian Institute Pr ess.



Nero, R.W.; Copland, W.R.; Mezibr oski, J.
1984. The Great Gray Owl in Manitoba,
1968-83. Blue Jay. 42: 130-151.

Oeming, A.F. 1955. A preliminary study of the
Great Gray Owl (Scotiaptex nebulosa
nebulosa Forster) in Alberta, with observa-
tions on some other species of owls.
Edmonton: University of Alberta. M.S.
thesis.

Redpath S.M. 1995. Habitat_fragmentation and
the individual: T awny Owls (Strix aluco) in
woodland patches. Jour nal of Animal
Ecology. 64: 652-661.

Smith, H.C. 1993. Alberta mamals; an atlas
and guide. Edmonton, Alberta: The Pr ovin-
cial Museum of Alberta.

Weldwood of Canada Limited. 1990. Integrated
management of timber and wildlife r e-
sources on the Weldwood Hinton For est
Management Agreement Area. Alberta
Forestry, Lands and Wildlife.

Winter, J. 1986. Status, distribution and
ecology of the Gr eat Gray Owl (Strix
nebulosa) in Califor nia. San Francisco, CA:
San Franscisco State University. 121 p.
M.A. thesis.

607



