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ABSTRACT

This study describes an inferred use versus availability analysis for five forest
owl species with respect to forest stand characteristics, fragmentation and slope.
Locations for Great Horned Owls (Bubo virginianus), Great Gray Owls (Strix nebulosa),
Barred Owils (S. varia), Boreal Owls (4egolius funereus) and Northern Saw-whet Owls
(4. acadicus) were obtained through nocturnal surveys conducted from mid- March to
early June 1999 and 2000. Species’ locations were computerized as the centre of home
range plots and overlaid on digital forest resource inventory maps. Stand type, age,
degree of fragmentation, amount of water edge, elevation and slope characteristics
within plots were compared with similar data from stratified random sites to determine
whether plots occupied by owls differed significantly.

The five forest owl species in this study were not distributed randomly with
respect to habitat type, degree of fragmentation and elevation and slope characteristics.
Barred, Great Gray and Northern Saw-whet owl plots contained significantly smaller
proportions of unnatural opening/burn areas and the associated young, open forest than
random, but did not differ in terms of forest edge to area ratios. Great Horned Owl plots
contained significantly larger edge to area ratios than random, whereas, Boreal Owl
plots had significantly smaller edge to area ratios. Boreal Owl plots contained
significantly greater proportions of treed muskeg and significantly smaller proportions
of natural openings and deciduous forest. Barred Owl plots contained significantly
greater proportions of dense forest (crown closure class 4), whereas Northern Saw-whet
Owls plots contained significantly greater proportions of crown closure class 3 than
what was randomly available. Boreal Owl and Barred Owl plots contained significantly

larger amounts of forest edge bordering water bodies.



Boreal Owls were found at higher elevations than random, which may be a result
of this species seeking out cooler microclimates. However the difference in elevation in
the Manitoba Escarpment might not be sufficient to provide a significant temperature
variation at the higher elevations.

Great Gray Owls and Great Horned Owl plots were found significantly more
often than random in areas with low to non-existent slopes. Northern Saw-whet Owl

plots were found significantly more often on northerly-facing slopes.
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GENERAL INTRODUCTION

Studies of a species’ use of its habitat, specifically its distribution within its
habitat, are central to the understanding of animal ecology (Morse 1980, Cody 1985).
Habitat use in raptors is influenced by a number of factors, including prey selection,
nesting behaviour and competition between species (Morse 1980, Janes 1985). Many
studies of raptor habitat attempt to infer selection by studying the habitat occupied by a
species’ primary prey. However prey selection is not the only mitigating factor in habitat
selection (Janes 1985). In selecting habitat, raptors must respond to cues that can be
assessed easily (Morse 1980) and selection can occur at a number of scales (Manly et a/.
1993). Being highly mobile, with large home ranges, raptors may select habitat at the
landscape level as well as at the home range and nest site level (Noss and Csuti 1997,
Davidson 1998, Mazur et al. 1998) thus large-scale forest management decisions may
affect raptors’ habitat relationships.

Despite living sympatrically throughout much of their ranges, the forest owl
species present in the Manitoba Escarpment may respond differently to variations in their
environment at the landscape level, such as differences in stand characteristics, habitat
fragmentation and topographic features (Niemi and Hannowki 1997). Forest
fragmentation, through forestry, agriculture and development, is becoming an
increasingly prominent factor influencing the distribution of raptors (Johnson 1993,
Mazur er a/. 1997, Niemi and Hanowski 1997, Stepniski 1997, Takats 1997, Kirk and
Hyslop 1998). Forest fragments vary in shape, size, degree of isolation and the remaining
vegetation, thus may have both positive and negative effects on the distribution of

individual owl species (Johnsgard 1988, Johnson 1993, Mazur et al. 1997). Decreases in



suitable habitat due to timber harvest and agricultural practices may be the main factor
contributing to observed declines in some raptor populations (Kirk and Hyslop 1998).
Niemi and Hanowski (1997) suggested that because forest raptors, are at the top of the
food chain and have relatively large home ranges, they are highly sensitive to forest
fragmentation and changes in forest composition.

In areas of rolling topography, the effects of this variation from both natural and
human causes may be further compounded by vanation in the degree and direction of
slope. The Manitoba Escarpment, which stretches the length of west-central Manitoba,
rises to an average of 350 m above the surrounding lowlands. Changes in the forested
landscape in the Manitoba Escarpment are set to occur at an increasing rate. Tolko
Industries (formerly Repap) has proposed a 13-year management plan for a 12-million ha
forest management license agreement (FMLA) encompassing Grass River Provincial
Park, Porcupine Provincial Forest, Duck Mountain Provincial Park and bordering on
Riding Mountain National Park (Mount ef a/. 1996). This includes harvesting an average
3 million m’ of trees per year and the creation of 859 km of all-weather roads. Louisiana
Pacific Ltd and Spruce Products also log parts of this area.

How owls in western Manitoba distribute themselves spatially in relation to
landscape variation is not known. The Great Gray Owl and the Barred Owl are
considered uncommon in Manitoba (Nero 1980, Duncan 1996a) and the Boreal and
Northern Saw-whet owls are considered of long-term conservation concern (Duncan
1996a). The goal of this thesis is to assess the relationship between forest stand
characteristics, fragmentation and slope and the spatial distribution of owls in the

Manitoba Escarpment.



The specific objectives are to describe quantitatively: 1) Forest stand characteristics and
forest fragmentation, as defined by edge to area ratios, at sites occupied by owls as
compared with random sites in the study area. 2) The occurrence of owls with regard to

elevation, slope aspect and direction compared to random locations.

STUDY AREA

Field work was conducted from 15 March to 6 June 1999 and 13 March to 1 June
2000. The study area encompassed Riding Mountain National Park (RMNP, 2,976 km?),
Duck Mountain Provincial Park and Forest (DMPP, 3,770 km?) and Porcupine Provincial
Forest (PPF, 2,090 km?) (Fig. 1). This area, known as the Manitoba Escarpment,
represents the western shore of Glacial Lake Agassiz and is composed of a number of
remnant beach ridges rising 300 to 500 m above the surrounding lowlands (McCready et
al. 1980, Parks Canada 1997). Although the area is often considered as one region,
considerable variation in vegetation exists between the southern portion in Riding
Mountain and the Duck and Porcupine Mountains to the north.

Ritchie (1976) suggests that the area was first vegetated after the Wisconsin
glaciers receded by a spruce-dominated boreal forest. About 10,500 BP, a shift occurred
from the spruce-dominated forests as grasslands, interspersed with parkland vegetation
pushed north, resulting in the different vegetation characteristics in the area of Riding

Mountain (Ritchie 1976).



Saskatchewan

Fig. 1. Map of study site in the Manitoba Escarpment, Manitoba, Canada, consisting of
PPF (Porcupine Provincial Forest), DMPP (Duck Mountain Provincial Park) and RMNP
(Riding Mountain National Park). Surveys were conducted almost entirely in the parks

(Appendix 1). Approximate scale: 1:4,382,000.



The current vegetation of Riding Mountain is characterized by boreal mixedwoods,
dominated by Trembling Aspen (Populus tremuloides), Balsam Poplar (P.

balsamifera), and White Spruce (Picea glauca), interspersed with lakes throughout,
remnant grasslands in the west and Black Spruce (Picea mariana) and Tamarack (Larix
laricina) bogs mainly in the eastem portion of the park (Baily 1968, Parks Canada 1997).
The Duck and Porcupine Mountains are almost completely forested, with almost no
remnant grasslands (McCready et al. 1980). The entire region is characterized by steeply-
cut river valleys along the eastern face of the escarpment (McCready et al 1980, Parks
Canada 1997).

Although heavily exploited for timber and fuel wood and subjected to massive
burnings through the turn of the 20th century, limited timber extraction has occurred in
RMNP since its designation as a protected area in 1930 (Parks Canada 1997). Timber
harvest and agricultural activities, which began in the 1880°s and continue today, have
greatly affected the forest vegetation of the provincial parks and forests and the

surrounding land (Goldrup 1992, Parks Canada 1997).

FIELD METHODS

Owls pose a number of problems when attempting to study them in the field.
Their nocturnal habits, large home ranges and secretive natures make it difficult to locate
large numbers of a species to study (Fuller and Mosher 1981, Johnson er o/. 1981, Takats
and Holroyd 1997). Fuller and Mosher (1981) suggest that careful enumeration is not
necessary for studies of owl occurrences. Nocturnal surveys have been found to be

successful in studies of habitat preferences and population trends of owls as they allow



the coverage of large areas with relative efficiency (Fuller and Mosher 1981, Pahher
1987) making it possible to obtain enough owl locations over a large enough area to
conduct landscape-level habitat assessments (Bibby et a/ 2000).

The use of playbacks of owl calls during nocturnal surveys can significantly
increase the number of owls detected (Johnson er al. 1981, Mosher er al. 1990). The
technique works on the assumption that 1) calling represents an individual owl’s
advertisement of its occupied home range and 2) that a response to playbacks of
conspecific calls represents a reaction to a supposed intrusion on that home range (Laidig
and Dobkin 1995). Owl locations in the present study were determined by nocturnal
surveys, using playbacks of seven owl species believed to be in the area (Duncan and
Duncan 1997). Surveys were conducted along 23 routes, on roads, snowmobile, all-
terrain vehicle (ATV) and hiking trails, and consisted of 10-40 stations (Appendix 1). To
further increase the area surveyed, volunteers with the Manitoba Nocturnal Owl Survey
surveyed six previously designated routes (Duncan and Duncan 1997).

Locations were also recorded for owls that were detected during the breeding
season calling at times other than during a survey and through the Duck Mountain Forest
Bird Survey program conducted for Louisiana Pacific Ltd. (R. P. Berger pers. comm.
1999). Locations of known occupied nests were also recorded. All these locations were
considered incidental encounters.

Seventeen routes in 1999 and 16 routes in 2000 were surveyed twice, 2 to 3 weeks
apart, using broadcasts from different species each time in order to stimulate responses
from the species most vocal at different times of year. Four routes in 1999 and five routes

in 2000 were surveyed once. Four routes that were surveyed in 1999 were not surveyed in



2000. One route was surveyed only in 2000 as it was inaccessﬂ)l.e in 1999. An additional
route was run in 2000 in the southeastern corner of Riding Mountain National Park to
compensate for a nearby route that has been flooded.

Listening stops were spaced at 0.8 km intervals. The location of each stop was
recorded as Universal Transverse Mercator (UTM) coordinates, using a Global
Positioning System (GPS), or plotted by hand in relation to landmarks, such as roads and
water bodies on 1:50,000 topographic maps.

Surveys began at one half hour after sunset, as determined from the GPS unit, and
continued until the route was finished or until one-half hour before sunrise, on nights
with negligible precipitation and temperatures greater than —20°C (Mosher et a/. 1990,
Johnson 1993, Clark and Anderson 1995, Takats 1997). Each stop began with 3 minutes
of listening to detect calling owls (Duncan and Duncan 1997, Takats 1997). This was
then followed by 20-second broadcasts of the calls of four of the seven original target
species obtained from the practice tape used by the Manitoba Nocturnal Owl Survey,
separated by 1-minute listening periods, followed by a final 3-minute listening period.

Different calls were used at each of two survey periods to reflect each species’
seasonal peaks in calling (Johnsgard 1988). Broadcasts from 15 March to 23 April 1999
were played in the order of: Boreal Owl, Great Gray Owl, Barred Ow! and Great Horned
Owl, species found to be most vocal during this period (Johnsgard 1988, Bull and
Duncan 1993). The broadcast order from 24 April to 6 June was: Northern Saw-whet
Owl, Eastern Screech-owl (Otus asio), Long-eared Owl (4sio otus) and Great Homed
Owl to target the most vocal species of this period (Johnsgard 1988). Although it is

unclear whether playbacks of larger owls inhibit responses in smaller owls (Fuller and



Mosher 1981, McGarigal and Fraser 1985, Clark and Anderson 1995), playbacks were
broadcast in order from the smallest species to the largest.

At survey stops where owls were recorded calling, the time of response, species
responding and the apparent distance and direction (estimated to the nearest degree) of
the response were recorded. Measurements from one or more survey stops were used to
estimate and plot owl locations on 1:50,000 topographic maps. Locating owls by
triangulation, with practice, can be a relatively accurate and efficient method for
estimating points and has been used in several owl studies (Johnson 1993, Clark and
Anderson 1995). Owls that could not be located with confidence were not included in the
habitat analyses. The large sample size in this study results in a lower chance of bias due
to sampling error. In other words, the larger the sample the better the chance that the
errors will cancel each other out.

Locations for each individual species were computerized as a separate point layer
and then overlaid on digital Forest Resource Inventory (FRI) maps (Natural Resources
Manitoba 1996) using the geographic information system (GIS) ArcView GIS Ver.3.1.
Owl located during this study were assumed to be breeding and this assumption was
supported by the discovery of occupied Great Horned Owl (5), Barred Owl (1), Northern
Saw-whet Owl (1) and Great Gray Owl (1) nests during field seasons and records of pairs
of all species performing courtship vocalizations and or alarm calls at many survey stops.

Fifty-eight stratified random coordinates were generated within a 2-km buffer of
all 29 routes surveyed for comparison with owl locations regarding habitat composition,
fragmentation and slope characteristics (Mazur et al. 1997, Stepnisky 1997). Two non-

overlapping random locations were selected for each route to avoid spatial lumping



associated with purely random locations and to represent more accurately the area
sampled by the survey. Although in ideal conditions, Boreal Owls can be heard by an
observer from as far as 3.5 km (Clark and Anderson 1995). It was noted in the field that
individuals of all species could be heard caliing from 2 to 3 stations away from their
original calling locations (1.6 — 2,4 km) depending on the variation in environmental
conditions and habitat, thus the 2-km buffer represented an estimate of absolute limit
within which an owl could be heard from the survey route (Mosher ef al. 1990), and thus

the actual area surveyed.
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CHAPTER 1: HABITAT ASSOCIATIONS OF FIVE FOREST OWL SPECIES IN
THE MANITOBA ESCARPMENT

INTRODUCTION

[dentifying and understanding a species’ habitat associations and resource use are
necessary for its conservation (Manly ef al. 1993, McCallum 1994, Schieck and Nietfield
1995, Niemi and Hanowski 1997). Niemi and Hanowski (1997) suggest that by
improving the knowledge of a species’ response to its habitat and changes therein, we
may minimize many conflicts between management protocols and preservation
objectives.

A number of factors may influence a species’ selection of habitat including its
longevity, mobility and the characteristics of the landscape (Morse 1980). Many studies
describe a species’ habitat requirements through some measure of habitat selection,
which is often inferred by an examination of the species’ occupation of a certain habitat
type (Manly ef al. 1993, McCallum 1994). This method assumes that individuals of a
population choose to occupy areas where their fitness is maximized, however, this is not
always the case (Manly ef al. 1993, McCallum 1994). Describing a species’ occupation
of a habitat alone does not describe selection (Morse 1980). In order to describe habitat
selection with any sense of validity, the species’ occupation of certain habitat types must
be compared with the availability of those habitat types within the study area (Manly er
al. 1993, McCallum 1994). For the purpose of this study, the use of the term “habitat
selection” refers to selection implied by this use versus availability method.

Several studies have examined the habitat relationships of northern forest owls in
North America and Eurasia. Some species are relatively specialized. Cavity nesters, such

as the Barred, Boreal and Northern Saw-whet owls are associated, elsewhere, with older
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forests, where large trees and natural cavities are more abundant (Cannings 1993,
Hayward and Hayward 1993, Duncan and Kearns 1997, Hayward 1997, Lane er al. 1997,
Mazur et al. 1998). More specifically, Boreal Owls have been associated, in other areas,
with old conifer forests (Hayward and Hayward 1993, Marcot 1995, Lane er a/. 1997).

Other species tend to be less habitat-specific across their range or are associated
with different habitat types in different portions of their range. The Great Homed Owl
has been found in a number of different habitat types, ranging from agricultural areas to
old growth forest (McInvaille and Keith 1974, McGarigal and Fraser 1984, Johnson
1993, Houston 1996). Great Gray Owls in eastern Manitoba were associated with mature
forests of tamarack, spruce, and aspen, near open muskeg or clearings (Servos 1986,
Bouchart 1991), whereas in Alberta, individuals nested predominantly in older
mixedwood forest (Stepnisky 1997).

Relatively little is known of the habitat associations of forest owls in Manitoba.
Great Gray Owls have been studied intensively only in the southeastern corner of the
province (Collins 1980, Servos 1986, Bouchart 1991, Duncan 1992). A habitat suitability
index (HSI) model has been developed for the Great Gray Owl and Barred Owl within
the province, based mainly on the review of literature from other study locations (Duncan
1994, Duncan 1996b). Both HSI models have been validated to a small degree in the
southeastern portion of the province (Duncan 1996b, Duncan 1996¢, Duncan and Kearns
1997). The objective of this chapter of the study is to describe the breeding habitat
assoctations of five common species of forest owls in the Manitoba Escarpment (Duncan

and Duncan 1997), by way of a use versus availability analysis.
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METHODS

Circular plots centred on each owl location were used to approximate owl home
ranges (Mazur et al. 1997). Three plot sizes were selected (160, 314 and 500 ha), based
on species’ published home range estimates from studies conducted in habitats that most
closely resembled the study area (Cannings 1987, Duncan 1992, Johnson 1993, Mazur e¢
al. 1998). It was unknown if owls in this study were located in years of high or low small
mammal densities. As prey-densities can affect home range sizes (Hayward et al. 1993,
Mazur el al. 1997) plot sizes chosen to represent home ranges in the present study were
based on average home range estimates, and are likely conservative estimates. Northern
Saw-whet Owl plots were set at 160 ha, based on studies of a small number of radio-
tagged individuals, which estimated home range size between 115 ha for wintering birds
(Forbes and Wamer 1974) and 159 ha for breeding individuals (Cannings 1987).

Boreal Owl, Great Gray and Barred owl plots were 314 ha (Bull and Duncan
1993, Hayward and Hayward 1993, Mazur et al. 1997). Although the Great Gray Owl’s
home range has been documented as large as 67 km? in Oregon (Bull and Duncan 1993),
Duncan (1994) found that Great Gray Owl plots of a 1-km radius (314 ha) best
differentiated habitat differences between areas used by owls and random plots in
southeastern Manitoba. Mazur et a/. (1997) compared habitat characteristics within
Barred Owl home range plots with 1.5-km and 3.0-km radii and concluded that the
smaller plots represented a more conservative representation of habitat area. Boreal Owl
home ranges vary greatly in shape and size (229 ha to 2386 ha) depending on prey
availability, geographical characteristics, such as topography of the region and breeding

success (Hayward er a/. 1993, Hayward and Hayward 1993).
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Home ranges for the Great Horned Owl have been recorded between 148 ha
(Houston et al. 1998) and 883 ha (Rohner 1997). A plot size of 500 ha was assigned as an
intermediate value. Johnson (1993) found the latter plot size appropriate in determining

habitat preferences of Great Horned Owls in the Rocky Mountains.

Habitat Characteristics
Birds use a variety of proximal cues in selecting a habitat to occupy (Morse 1980,

Cody 1985). Other studies of owls have found associations with habitats of varying forest
type (Hayward and Hayward 1993), forest age (Lehmkuhl and Raphael 1993) and density
of folitage (Whitfield and Gaffney 1997). Thus, the amount (ha) of each cover type,
cutting class and crown closure class was measured using digital FRI maps and ArcView
GIS 3.1 (Bouchart 1991, Johnson 1993, Takats 1997). Cover type was divided into nine
categories: contfer forest, softwood dominated mixedwood (s-h mixedwood), hardwood
dominated mixedwood (h-s mixedwood), deciduous forest, treed muskeg, natural
opentngs, unnatural openings/burn, water and roads/other.

Cutting class is defined by the Manitoba Conservation Forestry Branch as a
measure of the state of growth, size and maturity of the forest stand in relation to its
harvest rotation age. Terminology describing the age of a forest is often relative and not
consistent between studies. Manitoba Conservation describes forest age in terms of
cutting class with the upper classes (4 and 5) representing mature and overmature, or old
forest. Hayward (1991) defines mature forest as forest that has existed long enough since
its last disturbance that mortality and regeneration are prominent and regeneration stems
from the parent trees. Old forest is defined as late successional forests, whose physical

structure and age are influenced by processes within the stand. Trees within old forests
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vary widely in size and age, resulting in a patchy structure (Hayward 1991). These
definitions are similar to those supplied by Stelfox (1995), however, this second study
includes age parameters for aspen-dominated mixedwood forests, delineating mature
forest as forests 50 years old or older and old forest as stands greater than 120 years old.
The cutting class variable is divided into six classes ranging from O to five (Appendix 2,
Natural Resources Manitoba 1996). Mature (cutting class 4) and overmature (cutting
class 5) generally match the physical characteristics of mature and old forest as described
by both Hayward (1991) and Stelfox (1995), hence the terms “overmature” and “old” will
be used interchangeably. Crown closure is a measure of the density of the forest canopy
and is recorded as one of four percentage classes. (Appendix 3, Natural Resources

Manitoba 1996).

Statistical Analyses
Habitat variables were calculated within each of 160-, 314- and 500-ha plots

centred on the random coordinates for comparison with the plots of each respective
species. Although the proportional composition of each habitat variable within owl plots
could have been compared to the composition of the entire study area (Manly er a/.

1993), circular plots were used for the determination of random habitat characteﬁstics to
facilitate the comparison between owl and random locations with respects to the edge-to-
area variable discussed in chapter two. The use of stratified random plots thus allowed for
a uniform comparison between owl and random for all habitat variables and has been
used in a number of studies (Johnson 1993, Moen and Gutierrez 1997, Mazur et «/. 1997,
Gutierrez er al. 1998). To determine whether the proportional composition of owl plots

differed significantly from random plots, a chi-square goodness-of-fit test at «=0.05 was
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applied to the variables of cover type, cutting class and crown closure separately (Neu et
al. 1974, Byers et al. 1984, Servos 1986, Bouchart 1991, Johnson 1993, Mazur et al.
1998). This method compares the proportion of habitat types used by a species
(observed) with that randomly available (expected) in the study area (Neu er al. 1974,
Byers et al. 1984). As this test indicates only whether a difference exists and not the
direction of the difference, Bonferroni confidence intervals were constructed for each
variable to determine habitat preferences that can be inferred through such calculations
(Neu et al. 1974, Byers et al. 1984, McCallum 1994).

Aebischer et al. (1993) suggested that in this type of analysis of habitat use, the
avoidance of one habitat type by a species could lead to the apparent preference of
another habitat type by what is known as the unit-sum constraint. However, in an analysis
of Barred Owl habitat associations similar to this study, Mazur et al. (1998) found little
difference between the results of the Chi-squared analysis and that of the log-ratio
analysis proposed by Aebischer et al. (1993) to avoid unit-sum constraint problems.
Mazur et al. (1998) concluded that the log-ratio analysis provided no further information
about Barred Owl habitat associations that the aforementioned conventional methods.
Thus, for the purpose of this study, only the Chi-squared test and Bonferroni confidence

intervals were used.

RESULTS
In 1999, 242 owls of eight species were recorded at 912 survey stops using the
methodology described in the earlier section, for a detection rate of 0.265 owls/stop. An

additional 22 individuals were recorded through incidental discoveries of nesting owls
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and calling owls for a total of 264 owls (Appendix 4). In 2000, 228 owls of seven species
were recorded at 795 survey stops (Appendix 4) for a detection rate of 0.287 owls/stop.
Eighteen additional individuals were recorded through incidental encounters, bringing the
2000 total to 246 owls. As the proportional composition of all three habitat variables
within owl plots did not differ significantly between years (a > 0.01) except for cutting
class distribution in Great Horned Owl plots, the data was grouped for analysis

(Appendix 5).

Cover Type
The proportional composition of the nine cover types within the plots of all five

owl species differed significantly from that of the corresponding random plots (X’aoow =
57.3, p <0.000, X’gaow =40.1, p < 0.0000, X* geow = 18.7, p=0.0009, X2uswo = 16.7,
p = 0.0033, X grow, 40.1, p <0.0000, Figs. 2-4). In all plots, owl and random,
hardwood-dominated mixedwood forest made up the greatest proportion of the plots at
values ranging between 34.1 and 45.3 percent (Figs 2-4). Both Boreal Owl and Great
Gray Owl plots contained relatively large amounts of softwood-dominated mixedwood,
but these values were not significantly different from random (Fig. 2). Barred Owl and
Boreal Owl plots also contained relatively large but not statistically significant amounts
of water (Fig. 2).

Both Barred Owl and Great Gray Owl plots contained significantly less unnatural
openings/burn than what was randomly available, based on Bonferroni confidence
intervals (Fig. 2). Boreal Owl plots did not contain significantly less unnatural
openings/burn than random, but did contain significantly less natural openings and

deciduous forest and significantly more treed-muskeg (Fig. 2).
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Fig. 2. Proportional composition of cover types within 3 14-ha Boreal Owl (n=30), Barred
Owl (n=76), Great Gray Owl (n=37) and random (n=58) plots. * indicates a significant

difference from random (a < 0.05), based on Bonferroni confidence intervals.
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Fig. 3. Proportional composition of 160-ha Northern Saw-whet Owl (n=122), and random
(n=58) plots. * indicates a significant difference from random (a < 0.05) based on

Bonferroni confidence intervals.
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Northern Saw-whet Owl plots contained significantly smaller proportions of unnatural
openings/burn than what was randomly available (Fig. 3). All other habitat types did not
vary significantly from random (Fig. 3).

Great Homed Owl plots, like those of Boreal Owls, did not differ significantly
from random with respect to the amount of unnatural openings/burmn (Fig. 4). However,
Great Horned Owl plots contained significantly greater proportions of softwood-

dominated mixedwood than what was randomly available (Fig. 4).

Cutting Class
Plots of all species except those of Boreal Owls differed significantly from

random in relation to the proportional composition of cutting classes (X goow = 10.3, p =
0.068, X’gpow= 14.3, p=0.0140, X’ccow = 11.0, p=0.026, X’nswo = 27.7, p = 0.0000,
Xstow = 13.7, p=0.0018, Figs. 5-7). Cutting class 1 (stands under 3 meters) made up
the smallest proportion of all plots, whereas cutting classes 4 and 5 (mature and
overmature stands) collectively made up the greatest proportion of all plots (Figs. 5-7).

Great Gray Owl and Barred Owl plots contained significantly smaller proportions
of cutting class 0 (non-restocked forested lands) than what is available randomly in the
study area (Fig. 5). The large proportion of cutting class 5 approached significance in
Boreal Owl plots (Bonferroni confidence interval: 0.239 <0.241<0.568, Fig. 5).

Both Northern Saw-whet Owl and Great Horned Owl plots contained significantly
greater proportions of cutting class 5 (overmature stands) (Figs, 6 and 7). Northern Saw-
whet Owl plots also contained significantly smaller proportions of cutting class O (non-

restocked forested lands) than what was randomly available (Fig. 6).
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Fig. 7. Proportional composition of cutting classes in 500-ha Great Horned Owl (n= 85)
and associated random (n= 58) plots. * indicates a significant difference (< 0.05) from

random composition based on Bonferroni confidence intervals.
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Crown Closure
Barred Owl, Great Gray Owl and Northern Saw-whet Owl plots differed

significantly from random with respect to the proportional composition of crown closure
classes (X’gaow = 23.3, p <0.0000, X’ccow = 7.8, p = 0.050, X*yswo = 11.9, p =0.0007,
Figs. 8 and 9). Boreal Owl plots did not contain significantly different proportions of
crown closure classes than what was randomly available in the study area (szOOW =
3.88, p =0.275, Fig. 8). Although the frequency distributions of crown closure classes in
Great Horned Owl plots differed significantly from random (X’grow= 16.2, p = 0.0010,
Fig. 10), based on Bonferroni confidence intervals, no class differed significantly from
random (Fig. 10). Crown closure class 4 (71-100% canopy closure made up the greatest
proportion of all plots (Figs. 8-10).

Great Gray Owl plots contained significantly less of crown closure class 0 (0-20%
canopy cover, Fig. 8). Barred Owl plots contained significantly smaller proportions of
crown closure class 0 and significantly greater proportions of crown closure class 4 (Fig.
8). Northern Saw-whet Owl plots also contained significantly smaller amounts of crown
closure class 0 than what was randomly available (Fig. 9). These plots also contained
significantly greater proportions of crown closure class 3 (51-70% canopy closure, Fig.

9).
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Fig. 8. Proportional composition of crown closure classes in 314-ha Boreal Owl (n=30),
Great Gray Owl (n=37), Barred Owl (n= 76) and associated random (n= 58) plots.
* indicates a significant difference (< 0.05) from random composition based on
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DISCUSSION

The proportional composition of the plots of all five owl species differed
significantly from random. Hardwood-dominated mixedwood made up the greatest
proportion of all owl and random plots, reflecting this stand type’s dominance within the
study area (McCready et a/. 1980). Mature and overmature mixedwood forest stands
(cutting classes 4 and 5) made up the largest proportion of all plots. Barred Owls, Great
Gray Owls and Northern Saw-whet Owls apparently avoided unnatural openings/burn,
and thus cutting and crown closure classes 0, as inferred from the Bonferroni confidence
intervals. However, all three species’ plots contained amounts of natural openings in
proportion to their availability in the study area. Conversely, both Great Horned Owls

and Boreal Owls did not avoid unnatural openings/burn areas.

Great Gray Owls

The Great Gray Owl’s apparent avoidance of young forest, resulting from clear-
cuts and burns, differs from what has been found in the southeastern part of Manitoba
(Nero 1980, Servos 1986, Bouchart 1991). In southeastern Manitoba, summer home
ranges contained large proportions of cleared areas, which Servos (1986) suggested were
used by individuals for hunting due to large densities of prey, mainly Microtus spp.
Whitfield and Gaffney (1997) also found that clear-cuts contained high densities of prey,
but that Great Gray Owls in Wyoming suffered greater mortality from predation in areas
with high clear-cut density. Thus, although favourable for hunting, unnatural openings do

not provide the necessary security cover for adults or juveniles, which may be vulnerable
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to edge and open-aréa predators such as Great Homed Owls and Red-tailed Hawks
(Buteo jamaicensis) (Duhcan 1997, Whitfield and Gaffney 1997). |

Owils for the present study were located during the breeding season, in early
spring, hence, Great Gray Owls may forfeit open hunting areas for the greater security of
closed forest for the early stages of nesting and incubation, moving to forest edges in the
summer. Stepniski (1997) suggested that Great Gray Owls also use natural openings and
muskeg for hunting. Indeed, Servos (1986) found high proportions of treed muskeg in
Great Gray Owl home ranges in southeastern Manitoba. Although not statistically
significant, treed muskeg did comprise a relatively large proportion of Great Gray Owl
plots in this study.

Great Gray Owl plots also contained large amounts of hardwood-dominated
mixedwood and, in this respect, more closely matched those of this species in Alberta
than southeastern Manitoba, which were characterized by large proportions of conifer
(Servos 1986, Stepnisky 1997). The reduced importance of conifer forest in Great Gray
Owl plots in this study area was likely due to the fact that conifer forests are not available
in the same amounts as in southeastern Manitoba (McCready et al. 1980).

In Wyoming, Whitfield and Gaffney (1997) found that Great Gray Owls used
areas with dense canopy closure, which afforded better security cover for young from
predators such as Great Horned Owls and Northern Goshawks (Accipiter gentilis). In this
study, Great Gray Owl plots contained relatively large amounts of dense-canopied forest
(crown closure class 4), but not out of proportion to what was randomly available in the
study area. Although Great Gray Owls, like all secondary nest users, are restricted to

some degree in habitat available for use by the preferences of the primary nest builders



Janes (1985) suggested that given an area supporting a sufficient prey population, a

number of potential nest sites may be available and thus the owls must still select a

preferred nesting habitat.

Barred Owls

The relatively low occurrence of unnatural clearings/burn areas and the
predominance of older mixedwood forests in Barred Owl plots further supports the
findings of several studies in Canada and northern United States and validates the Habitat
Suitability Index (HSI) model derived for Manitoba (Bosakowski ez «/. 1987, Duncan and
Kearns 1997, Mazur et al. 1997, Takats 1997, Mazur ef al. 1998). Mainly secondary
cavity nesters, Barred Owls require large-diameter trees that are primarily available in old
mixedwood forests (Mazur ef al. 1997). Older forests are considered more structurally
diverse and often support larger prey densities (Roy et a/.1995, Schieck and Nietfield
1995). The relatively open understory of older forests may also allow for easier hunting
(McGarigal and Fraser 1984). A study of Tawny Owls (Strix aluco) found that pairs
inhabiting home ranges with relatively little ground cover, interspersed with clumps of
understory vegetation were more productive than those that occupied areas with dense
ground cover, or no ground cover, common in younger forests and open areas (Southemn
and Lowe 1968). In the present study, older aspen-dominated forest is often characterized
by clumps of beaked hazelnut (Corylus cornuta), interspersed with open areas
(McCready er al. 1980).

Water bodies made up a relatively large percentage of Barred Owl plots, as has

been previously documented for Barred Owls (Bosakowski er al. 1987, Takats 1997).
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Riparian forests are often skipped by fires and thus allow trees to grow large enough to
provide cavities suitable for Barred Owl nests (Takats 1997). Wet areas have also been
documented to contain greater abundance and diversity of animals (Bosakowski et al.
1987), a factor that may be important for a generalist predator such as the Barred Owl
(Mazur and James 2000).

Barred Owl plots contained significantly greater proportions of the highest crown
closure class than in random plots. This relationship was also found in Alberta (Takats
1997). Forests with a high crown density generally have cooler microclimates and
selection for these habitats may be based on thermoregulation needs (Barrows 1981,
Mazur er al. 1998). Barrows (1981) found that temperatures in a closed canopy forest in
northern California were 3 to 5°C cooler than open areas. It has been suggested that Great
Gray Owls likely suffer heat stress as a result of their thick plumage (Voous 1988) and
thus would also benefit from closed canopy forest. However, the proportion of closed

canopy forest in Great Gray Owl plots did not differ significantly from random.

Boreal Owls

Of the five species considered in the study, Boreal Owls have the most specific
habitat associations in relation to different cover types. The abundance of over-mature
mixedwood in Boreal Owl plots supports the findings of other studies of Boreal Owl
habitat associations (Korpimiki 1988a, Hayward er a/. 1993, Hayward 1997, Lane ef al.
1997). In this study, Boreal Owl plots consisted mainly of old mixedwood forest and
treed muskeg, interspersed with clearcut/burn areas and water. In Finland, Korpimaki

(1988) found a similar pattern with Boreal Owl home ranges comprised of spruce
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mixedwood forest with small patches of agricultural land. As opposed to the other species
in the study, all Boreal Owls were located within the parks, thus agricultural land was not
present in their plots.

Lane et al. (1997) found that male Boreal Owls in Minnesota used upland
mixedwood forests for nesting and lowland conifer forests for diurnal roosting and
nocturnal foraging, during the breeding season. Although deciduous forests were
apparently avoided, hardwood-dominated mixedwood made up the largest proportion of
the plots, which suggests a consistency of this trend.

Janes (1985) suggested that as part of predator-prey systems, raptor habitat
associations can best be described through the habitat associations of their primary prey.
As cavity-nesters however, Boreal Owls are likely limited, like Barred Owls and
Northern Saw-whet Owls, by the availability of suitable nesting sites. Hayward er al.
(1993) found that mixedwood forests contained a large number of potential nesting
cavities, but that this habitat supported small numbers of its preferred prey species, the
Red-backed Vole (Clethrionomys gapperi) and Microtus voles. Conversely, coniferous
forest contained few cavities but large numbers of prey. In this study, the avoidance of
deciduous forests and strong association with treed muskeg has not been documented
previously and may reflect of the habitat preferences of the Boreal Owl’s two main prey
species. Red-backed Voles are found to be most abundant in older conifer-dominated
forests in many geographical areas (Clough 1964, Millar er al. 1985, Roy et al. 1995).
Microtus are abundant in conifer-dominated forests (Roy ef al. 1995). In southeastern
Manitoba, Microtus are also found in large numbers in treed muskeg (Servos 1986) and

this may explain Boreal Owls’ use of that cover type.
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Although Boreal Owls used unnatural opening/burn areas in proportion to their
availability in the study area, natural openings were avoided as inferred through
Bonferroni confidence intervals. This pattern of use may be due to a combination of
foraging preferences and interaction with other owl species. In southeastern Manitoba,
clear-cut forests (cutting class 0) supported high numbers of Microtus. In this study area,
Barred, Great Gray and Northern Sa\v;\vhet owls, potential competitors, avoided cleared
forests. Hakkarainen and Korpimiki (1996) suggested that predation by and competition
for nest sites with Ural Owls (Strix uralensis) reduced the breeding success of Boreal
Owls nesting in the vicinity, but that Eagle Owls (Bubo bubo) did not directly compete
and were not efficient predators of Boreal Owls. The latter two species thus coexisted.
The apparent avoidance of deciduous forests by Boreal Owls may be a means of avoiding
potential nest site competition and predation by the opportunistic and manoeuvrable
Barred Owl. Competition for nest sites, and likely food, between Northern Saw-whet
Owils (Lane 1988) is demonstrated in the vigorous responses of saw-whet owls to Boreal

Owl playbacks (Duncan and Duncan 1997).

Northern Saw-whet Owls

Old, overmature hardwood dominated mixedwood comprised the bulk of
Northern Saw-whet Owl plots, but this amount was a reflection of its availability in the
study area. Saw-whet owls showed less specific habitat preferences than the Boreal Owl,
except to avoid unnatural opening/burn areas and thus the associated cutting and crown

closure classes 0. Although they did not show a preference for any specific cover type,
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Northern Saw-whet Owl plots contained significantly greater proportions of cutting class
5 forests (overmature) than what was randomly available.

Cannings (1993) suggested that although Northern Saw-whet Owls occupied a
wide variety of habitats in the southern boreal forest, they used mainly coniferous or
mixed coniferous forests with a complex understory and middle canopy, especially
riparian areas with large spruce across its range. These habitat preferences were not
apparent in this study as there was not significantly more water or softwood-dominated
forests in saw-whet owl plots.

Cannings (1993) also suggested that reports that the Northern Saw-whet Owl’s
apparent preference for dense forests with closed canopies is likely based on the analysis
of daytime roosting locations rather than nesting locations. This is supported by this study
as saw-whet plots contained significantly greater proportions of crown closure class 3.
More open canopy forest is associated with the large proportion of old forests, which tend
to have more gaps in the canopy (Hayward 1991, Stelfox 1995, Lee et al. 1995).

The association of Northern Saw-whet Owls with overmature forests in this study
suggests that although they may not select for a specific cover type, individuals
apparently use forests with more complex understories and a developed middle canopy,
common in older mixedwood stands (Lee ef al. 1995).

Competition between Boreal Owls and Northern Saw-whet Owls has been
documented indirectly in a number of studies (Lane 1988, Lane and McKeown 1991,
Duncan and Duncan 1997). It is also possible that the lack of an apparent selection for
softwood-dominated mixedwood is a result of competitive exclusion by the larger Boreal

Owl. Lane and McKeown (1991) observed a male Boreal Owl singing repeatedly from a
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nesting cavity occupied by a Northern Saw-whet Owl and once attacked the male saw-
whet. However, as the number of Northern Saw-whet Owls greatly exceeded that of
Boreal Owls detected in this study, it is unlikely that they are being excluded from certain

habitats.

Great Horned Owls

Mclnvaille and Keith (1974) found that the proportion of habitat types present in
Great Hormed Owl plots in Alberta did not differ from what was available; they
concluded that in areas where prey is evenly distributed, Great Horned Owls did not
appear to have specific habitat preferences. This is not the case in this study. Great
Horned Owls in the parks of the Manitoba Escarpment were associated with overmature
softwood-dominated mixedwood, as inferred from Bonferroni confidence intervals.
However, Great Horned Owl plots contained both natural openings and unnatural
opening/burn areas in proportion to what was available.

This pattern of habitat association has been documented in other studies
(Baumgartner 1939, McGarigal and Fraser 1984, Johnsgard 1988). McGarigal and Fraser
(1984) found that Great Horned Owls preferred stands of mature forest adjacent to
agricultural areas and Baumgartner (1939) found that individuals preferred areas of
mature forest bordering water and surrounded by open areas. Conversely, Johnson (1993)
found a decrease in Great Horned Owl encounters with increasing amounts of old forest
in the Pacific Northwest. This may be a result of the structural differences between old

forests in eastern regions and western regions.
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The lack of avoidance of natural openings and unnatural opening/burn areas by
Great Horned Owis in this study area is likely a result of the species’ preference to hunt
from the edge of open areas (Johnsgard 1988, Houston er al. 1998). In the Rocky
Mountains, Johnson (1993) found an increase in Great Horned Owl encounters in
response to forest clearing. In Pennsylvania, Morrell and Yahner (1994) also concluded
that the species preferred fragmented forested habitat.

Although not statistically significant, the relatively low amount of treed muskeg
within Great Horned Owl plots has not been previously documented. As Great Horned
Owls have been known to prey on Boreal and other owls (Hayward and Hayward 1993,
Houston er al. 1998), this trend may further explain the high degree of association of

Boreal Owls with treed muskeg habitat.

CONCLUSIONS AND RECOMMENDATIONS

All five owl species’ plots varied from random with respect to cover type, suggesting
that vegetation characteristics are an important proximal cue in raptor habitat selection.
Forest age (cutting class) also appears to be an important selection factor as all but Boreal
Owl plots differed significantly from random with respect to this variable. Both these
variables affect the structure of habitat available and thus the availability of nest sites
(Hayward et al. 1993, Takats 1997) and prey (Southern and Lowe 1968, Rohner and
Krebs 1996). Crown closure, which may be influence by forest age (Lee er al. 1995),
appeared to be an important variable in the habitat selection of Barred and Northern Saw-

whet owls. Caution must be exercised in the interpretation of results stemming from use
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versus availability studies. It is important to remember that associations can only be
inferred by way of such analyses (McCallum 1994).

The use of circular plots centred on estimated owl locations may introduce some level
of bias into the results (Duncan and Kearns 1997). Owl home ranges are not naturally
circular. Also, owls recorded during playback surveys may have been located at the edge
of their home ranges, thus these circles may only represent a portion of the habitat used
by an individual (Duncan and Kearns 1997, Mazur ef a/. 1998). Duncan and Kearns
(1997) suggest that circular plots miss the complexity within and among stands and that
the interaction between cover types within a home range may influence the habitat’s
suitability for that species. However, several studies have supported the use of circular
plots as surrogate home ranges and suggest that this method is an efficient method in
determining the landscape-level habitat associations of owl species (Lehmkuhl and
Raphael 1993, Duncan and Kearns 1997, Mazur et a/. 1998).

More detailed study at the stand and nest or roost site level would yield yet more
information on the complex habitat associations of these species in this area of their
geographical ranges, which could be compared with data gathered in other study areas.
Ultimately, studies linking the variation in reproductive success with variations in habitat
characteristics and prey availability would be useful in better quantifying the habitat
requirements of forest owls in the Manitoba Escarpment (McCallum 1994, Janes 1985,

Duncan and Kearns 1997).
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CHAPTER 2: THE RELATIONSHIP BETWEEN FOREST FRAGMENTATION
AND SLOPE AND THE DISTRIBUTION OF FIVE FOREST OWL SPECIES IN
THE MANITOBA ESCARPMENT.
INTRODUCTION

The fragmentation of habitats is one of the greatest threats to the population
viability of many species and species diversity (Noss and Csuti 1997). Fragmentation has
been defined as the division of a continuous block of habitat into smaller, isolated patches
(Noss and Csuti 1997) and can result from natural and unnatural means. The first chapter
in this study examined the habitat associations of five forest owl species in the Manitoba
Escarpment. Threats to these spe;:ies may not be related solely to the effects of the loss of
their associated habitat, but also to the spatial effects of forest fragmentation, such as
edge effects (Schumaker 1996, Noss and Csuti 1997, Warnock and James 1997). Forest
raptors are considered one of the most sensitive groups to habitat fragmentation because
of their high trophic positions, low densities and large home range requirements (Newton
1979, Niemi and Hannowski 1997).

However, the impacts of forest fragmentation on a species may vary. Noss and
Csuti (1997) suggested that nearly all landscapes are patchy at one or more spatial scales.
Natural fragmentation by such things as water may benefit species as the natural
gradation from forest interior to the adjacent water body may reduce edge effects (Noss
and Csuti 1997). Some owl species, such as the Barred Owl, have been reported to be
associated with forests bordering water (Carter 1925, Bosakowski er al. 1987).

The spatial effects of forest fragmentation may be further compounded by slope in

this region of Manitoba, which is characterized by rolling hills. Owls may select certain
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slope faces based on microclimate conditions that facilitate thermoregulation (Barrows
1981, Bull and Duncan 1993).

The objectives of this section of the study are: 1) To compare the home range
plots centred on owl locations in relation to the amount of edge relative to forest area
with that of random plots as this variable has been suggested to be a useful measure of
forest fragmentation (Johnson 1993, Schumaker 1996), 2) To compare the amount of
forest edge bordering water contained within owl plots with what occurs randomly. The
amount and proximity of water within owl home ranges may affect microclimate
characteristics and prey availability (Barrows 1981, Bosakowski ef a/. 1987) and 3) To
compare owl and random plots locations with respect to elevation, slope aspect and

gradient as topographic characteristics may influence owl distribution (Barrows 1981).

METHODS

Forest Fragmentation and Water Edge
Fragmentation may occur at many scales (Noss and Csuti 1997, Davidson 1998).

Highly mobile, owls can travel between many forest patches therefore a home range level
of spatial analysis was used for this study. The degree of fragmentation was measured as
the ratio of edge to forest area, which increases as fragmentation increases (Johnson
1993). There has been no consensus on the most appropriate way to describe landscape
patterns resulting from habitat fragmentation as it encompasses increased amount of
edge, reduced size of habitat patches and increased isolation of remaining patches, among
others (Davidson 1998). Some researchers have suggested that evaluating the various
aspects of fragmentation separately is preferable to using indices such as edge-area ratios

(Lawrence and Yensen 1991, Davidson 1998). However, as plots varied in size between
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species, it was necessary to use a measure of fragmentation that was standardized across
the different plot sizes. In this study, edge was defined as the transition between forest
and non-forest habitats not including water bodies (cutting classes 0 and 1, and vegetation
classes not containing forest cover). A species’ association with water was apptoximated

separately as the total amount of forest edge within a plot bordering a wetland.

Elevation and Slope Characteristics
Elevation and slope gradient were interpolated from contour lines on 1:50,000

topographic maps. Slope gradient values were grouped into six 3-degree intervals from 0
to 18 degrees (Forsman and Giese 1997). Slope aspect was measured using a compass to

the nearest degree, for locations on slopes with gradients greater than 1.5 degrees.

Statistical Analyses
Data approached normality, as determined from graphical analysis of z-scores

(Appendix 6, Zar 1984). Thus, a two-tailed student’s t-test, with n;+n>-1 degrees of
freedom and o=0.05 was used to determine whether significant differences existed
between owl and random plots with respect to edge-area ratio, total water edge and
elevation. A student’s t-test was used because of its robustness to even considerable
departures from normality, especially if the hypothesis is two-tailed and the sample sizes
are relatively large (Zar 1984), as in this study.

A chi-squared test, with a=0.05, and Bonferroni confidence intervals were used to
determine associations of owl and random plots with each slope gradient category (Neu
et al. 1974, Byers et al. 1984, Forsman and Giese 1997). A Watson’s U? test was used to

test for differences between owl and random locations with respect to the mean angle of
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slope aspect (Batschelet 1981). Although a non-parametric test, the Watson’s U? is

powerful at detecting differences between samples (Batschelet 1981).

RESULTS

Edge-to-area Ratios
The mean edge-to-area ratio for plots of all five species varied from 26.75 +/-

6.48 m/ha for Boreal Owls to 68.06 +/- 10.31 m/h for Great Horned Owls (Figs. 11-14).
Barred Owl and Great Gray Owl plots had mean edge-to-area ratios of 42.55 +/- 6.32
m/ha and 40.23 +/- 8.18 m/ha respectively. Neither species’ plots differed significantly
from random 3 14-ha plots, which had a mean edge-to-area ratio of 49.81 +/- 9.67 m/ha
(tsaow = -0.946, p = 0.374, tggow = -0.990, p =0.257, Fig. 11). Boreal Owl plots with an
edge-to-area ratio of 26.75 +/- 6.48 m/ha contained significantly less forest edge relative
to forested area than random 3 14-ha plots (tgoow =-2.241, p =0.006, Fig. 11).

Northern Saw-whet Owl plots had a mean edge-to-area ratio of 40.42 +/-5.12
m/ha, which did not differ significantly from random 160-ha plots, whose mean edge-to-
area ratio was 54.62 +/- 11.62 m/ha (tyswo =-1.75 p =0.150, Fig. 12). In contrast to the
other four species’ plots, Great Horned Owl plots had a mean edge-to-area ratio of 68.06
+/- 10.31 m/ha, which was significantly greater than that of random 500-ha plots at 47.39

+/-9.27 m/ha (tgrow = 1.97 p=0.039, Fig.13).
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Fig. 11. Edge/area ratios for Boreal Owl (n=30), Great Gray Owl (n=36), Barred Owl
(n=77) and random (n=58) 314-ha plots. * indicates a significant difference a < 0.05

from random based on a two-sample t-test with n;+n,-2 degrees of freedom.
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Fig. 12. Edge/area ratios for Northern Saw-whet Owl (n=119) and random (n=58) 160 ha
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Fig. 13. Edge/area ratios for Great Horned Owl (n=85), and random (n=58) 500 ha plots.
* indicates a significant difference a <0.05 from random based on a two-sample t-test
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Water Edge

With means of 5.57 +/- 1.15 km and 5.22 +/- 0.22 km, respectively, only Boreal
Ow! contained significantly greater amounts of forest bordering water (water edge) than
random 314-ha plots, which had a mean of 4.03 +/- 0.67 km (tgoow =2.07, p = 0.041,
Fig. 14). The amount of water edge within Barred Owl plots approached a significantly
larger value than random 3 14-ha plots (tgaow = 1.95 p =0.050, Fig. 14). Great Gray
Owls had a mean of 4 91 +/- 0.94 km, which did not differ significantly from random
314-ha plots (tgcow = 1.29, p=0.189, Fig. 14).

Northern Saw-whet Owl plots, with a mean water edge of 2.27 +/- 0.29 km, did
not differ significantly from random 160-ha plots, which contained a mean of 2.11 +/-
0.37 km of water edge (tnswo = 0.442, p =0.645). The Great Horned Owl plot’s mean of
6.72 +/- 1.04 km of water edge also did not differ significantly from its associated
random plots, which contained a mean 638 +/- 1.07 km of water edge (tgrow = 0.369, p

=0.702).

Elevation

Owl plot centres varied in mean elevation from 621.1 +/- 66.7 m above sea level
for Great Horned Owls to 712.7 +/- 126.2 m for Boreal Owls (Fig. 15). Random plots
were found at a mean elevation of 626.2 +/- 81 4 m (Fig 15). Only Boreal Owl plots
differed significantly from random with respect to elevation and were significantly higher

than random plots (tgoow = 6.99, p <0.0000, Fig. 15).
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Fig. 14. Total amount of forest edge bordering water bodies within Boreal Owl (n=30),
Barred Owl (n=77), Great Gray Owl (n=36) and random (n=58) 314 ha plots. * indicates
a significant difference (a < 0.05) from random based on a two-sample t-test with n;+n,-
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Slope Gradient and Aspect
Despite the rolling terrain of the Manitoba Escarpment, the bulk of owl and

random locations were found on gentle to non-existent slopes. A small number of
Northern Saw-whet Owl and Boreal Owl plots were found on steeper slopes (F ié 16).
Only Great Horned Owl and Great Gray Owil plots differed significantly from random,
with respect to slope gradient (XZGHOW =6.79, p=10.034, X%cow = 8,88, p=0011,
X’gaow = 1.94, p =0.379, X’nswo = 5.54, p = 0.063, X’goow =2.31, p =0.314, Fig. 16).
Both were found significantly more often on slopes ranging from 0 to 3 degrees and
avoided slopes between 9 and 15 degrees (Fig. 16). Great Gray Owl locations were also
found significantly less often on slopes ranging from 3 to 6 degrees (Fig. 16).

Mean slope aspect angle for owl and random plots ranged from west (272.4° for
Boreal Owls) to northeast (48.4° for Great Horned Owls, Table 2). Within species
variation was very high as shown by the low r-values (Table 2). Only Northern Saw-whet
Owl plots at 337.4° were significantly different from the mean aspect of random plots at

279.4 (U* =0.248, p <0.05, Table 2)
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Table 1. Results of a Watson’s U test, with «=0.05 between owl and random mean slope

aspect angles. * indicates significant difference.

Watson's
Mean Slope aspect angle U2

Species (degrees) r n Statistic p
Barred Owl 3205 0.132 31 0.152 >0.05
Great Gray Owl 317.7 0076 12 0.08 >0.05
Great Horned Owl 484 0.175 29 0.058 >0.05
Boreal Owl 272.7 0.099 18 0.119 >0.05

Northern Saw-whet Owl 3374 0.284 78 0.248 <0.05*
Random 2794 0.115 31
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DISCUSSION
Forest Fragmentation

Boreal Owl and Great Horned Owl plots differed significantly from random with
respect to the degree of forest fragmentation (Figs. 11 and 13). Although Barred Owl
plots tended toward smaller edge-to-area ratios, the lack of any significant difference
between Barred Owl plots and random is contrary to several studies that suggested
Barred Owls are sensitive to forest fragmentation (Laidig and Dobkin 1995, Haney 1997,
Takats 1997). There are no studies addressing the spatial effects of forest fragmentation
on the occupancy or reproductive success of Barred Owls. A study of the Northern
Spotted Owl (S. occidentalis caurina) found no relation between site selection and any
indices of forest fragmentation (Meyer ef al. 1998). Meyer et al. (1998) found that one of
the major influences on Northern Spotted Owl site selection was the total amount of old
growth forest. The results of the present study suggest a similar relationship, as shown by
the significantly smaller amount of young open forest (Figs. 2, 5 and 8).

Great Gray Owl plots also did not differ significantly from random, but tended
toward lower edge-to-area ratios (Fig. 11). In Alberta, Stepniski (1997) found that Great
Gray owls occupied areas with less edge relative to forest area and that this ratio was
highly correlatzd with the percent of forested area within owl territories. The Great Gray
Owl is often considered an edge species, as its primary prey, Microtus spp. is most
plentiful in open areas (Servos 1986, Roy et a/. 1995). The species has been seen hunting
in open areas, mainly from within 50 m of a forest edge (Sulkava and Huhtala 1997).

Forest management recommendations for the species include shaping small clear-

cuts with convoluted edges to increase areas for hunting and vole populations (Duncan
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1997, Sulkava and Huhtala 1997). However, Whitfield and Gaffney (1997) suggested that
highly fragmented areas may act as ecological traps for Great Gray Owls by providing
ample prey, but insufficient cover for juveniles and dispersing adults, which may fall
prey to Great Horned Owls, another edge species. In his recommendations for forest
management for Great Gray Owls, Duncan (1997) suggested that the convoluted edges of
clear-cuts may also serve to reduce predation by Great Horned Owls and Northern
Goshawks (Accipiter gentilis).

Stepniski (1997) suggested that Great Gray Owl preferences regarding the degree
of fragmentation might shift depending on the matrix of the overall landscape. [n a matrix
of agricultural land with patches of forest, owls may seek out areas with great proportions
of forest cover, as it is the resource in demand (Stepniski 1997). Conversely, in areas
where the overall matrix is forest, Great Gray Owls may seek areas with higher edge-to-
area ratios than the landscape as a whole, as it is the edge that is in demand (Stepniski
1997). It is also important to note that, as secondary stick nesters, Great Gray Owls may
be constrained in their habitat use by the habitat preferences of the primary stick nest
builders, such as Northern Goshawks, which may have different tolerance ranges
(Whitfield and Gaffney 1997).

Although Northern Saw-whet Owls did not show a significant pattern of
occupation with regards to the degree of forest fragmentation, the species’ plots tended
toward smaller edge-to-area ratios than random (Fig. 12). Little is known of Northern
Saw-whet Owl spatial responses to forest fragmentation. In his review of the literature,

Cannings (1993) suggested that the species most likely would be negatively affected by
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habitat loss due to logging, due to its prefci'ence for older coniferous forests, but he made
no inferences regarding the potential effects of increased edge.

The slight trend toward less edge relative to area could be related to prey
preferences. Peromyscus spp. make up the bulk of the saw-whet’s diet throughout much
of its range (Cannings 1993). These mice prefer areas with high amounts of downed
woody material and an understory with relatively few shrubs and little litter (Roy e ai.
1995), characteristics more consistent with forest interior.

The Boreal Owl showed a trend in occupancy with relation to forest
fragmentation, with plots containing significantly less edge relative to forest area (Fig.
11), despite containing similar amounts of unnatural opening/burn area to random (Fig.
2). The current understanding of the Boreal Owl and its response to fragmentation is poor
(Hayward 1997). However, the results of this study appear to contradict findings in
Europe, which suggest that fledgling productivity for this species is higher in territories
with a greater proportion of clear-cut (Hakkarainen ez a/. 1997). This apparent
contradiction may be related to variation in preferred prey species between the two
continents. In Europe, Boreal Owls prey predominantly on field voles (Microtus spp.),
which are found in large numbers in clear-cuts and other open areas, thus individuals
often forage from the forest edge (Korpimaki 1988b). Conversely, in North America,
Red-backed Voles, a predominantly forest-dependent vole, makes up the bulk of the
owl’s prey (Hayward and Garton 1988).

Hayward (1997) suggested that forest edges would also be useful for foraging
owls in North America. Sonerud (1986) found that Boreal Owls in Norway hunted

mainly in mature coniferous forests during the winter and summer, as soft, crustless snow
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in winter and minimal undergrowth in summer faéilitated access to prey. However, in
early spring, individuals took advantage of early snow melt conditions in clear-cuts to
access the greater densities of voles in these areas, as access to the bare ground appeared
earlier in these open areas than in forested stands (Sonerud 1986). In northwestern United
States, Boreal Owls occupied old growth stands adjacent to clear-cuts, suggesting that
stand structure plays a greater role in influencing owl occupancy than anything related to
edge (Herren ez al. 1996). In the present study, Boreal Owls apparently did not avoid
clear-cuts or burn areas, but occupied plots containing openings in such a way to
minimize the amount of edge relative to forest area within their home range. The
apparent avoidance of edge by Boreal Owils in this study could be due in part to the large
number of Great Horned Owls in the area and their apparent association with edge
habitats. Hayward and Hayward (1993) suggested that the Great Horned Owl could be a
significant predator on Boreal Owls, thus the avoidance of edge by the smaller species
could be an anti-predator response.

Great Horned Owls showed an opposite response to forest fragmentation than the
other four species, with plots containing significantly greater amounts of edge relative to
forest area than randomly available (Fig. 13). Considered an edge species, the results of
this study support other findings (Johnson 1993, Morrell and Yahner 1994, Laidig and
Dobkin 1995).

Although no study has been conducted on the species’ relationship to edge, a
number of other studies suggest that an increase in forest fragmentation could lead to an
increase in Great Horned OWI populations (Johnson 1993, Laidig and Dobkin 1995).

Predominantly a perch and pounce predator, Great Horned Owls have been found to
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associate strongly with forest edges when foraging. Several studies suggest that this may
be related to the large size and relatively poor agility that limits the species’ hunting
ability in dense forest (Cottam er al. 1942, Baker 1962, Johnson 1993). Other studies
have gone so far as to suggest that the quality of Great Horned Owl nesting territories is
directly related to the proximity of edges along open areas for foraging (Baumgartner
1939, Mclnvaille and Keith 1974).

Throughout most of its range, the Great Horned Owl preys primarily on
lagomorphs (Johnsgard 1988, Houston er al. 1998), a group of species found primarily
along forest edges (Roy et al. 1995). Bosakowski ef al. (1989) found that owls nesting in
contiguous forest have lower productivity than individuals living in open areas and
attributed this to the lack of its preferred prey species. This suggests that an increase in
forest fragmentation may benefit Great Hormed Owl reproductive success by providing

more foraging opportunities.

Water Edge
Boreal Owl and Barred Owl plots contained significantly greater amounts of

forest edge along water bodies than random, despite having similar amounts of water to
random plots (Figs 2 and 14). Barred Owls have been found to be associated with riparian
areas and wetlands in many other studies (Carter 1925, Smith et a/. 1983, Bosakowski ef
al. 1987, Takats 1997, Mazur et al. 1998).

In Alberta, Takats (1997) found a large proportion of Barred Owl nests in stands
bordering water and suggested that this was related to the distribution of its preferred

nesting tree the Balsam Poplar (Populus balsamifera), which was common in wet areas.
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Balsam Poplar is present in the Manitoba Escarpment (McCready er a/. 1980), but its
distribution relative to water is not known.

Often difficult to access, many riparan areas and wetlands are bypassed by
forestry operations and other human intrusions (Bosakowski ez a/. 1987). Fire may also
skip over wet areas, allowing for the growth of old large-diameter trees, suitable for
nesting cavities (Bosakowski ef al. 1987). It has also been suggested that riparian areas
support a greater abundance and diversity of prey species than drier areas (Bosakowski er
al. 1987). Barred Owls, an opportunistic predator, have also been observed dropping into
small streams to catch fish and amphibians (Smith et a/. 1983, Mazur and James 2000).

As a secondary cavity-nester, the Boreal Owl may also exploit similar aspects of
riparian areas, however, Korpimaki (1988a) described poor nesting habitat for Boreal
Owls as having greater amounts of wetlands. Baumgartner (1939) describes Great
Horned Owl preferred nesting habitat as mature forest bordering water, surrounded by
open areas. This association with water edge in Baumgartner’s (1939) study may be a
bias resulting from the bulk of uncleared forest edge existing in riparian areas. [n this
study no such association with water was observed.

Both Barred and Boreal Owls may benefit from a cooler microclimate that often
results from proximity to water. Barrows (1981) found that forests bordering water were
2 to 5°C cooler than the surrounding interior forest. Barrows also recorded Spotted Owls
(Strix occidentalis) moving to roost over water when ambient temperatures surpassed
30°C and Forsman and others (1984) found that 80% of Spotted Owl nests in their

Oregon study area were within 300 m of permanent water. Although little is known about
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temperature regulation in Barred Owls (Mazur and James 2000), Boreal Owls have been

found to exhibit heat stress at temperatures about 20°C (Hayward et al. 1993).

Elevation and Slope Characteristics
Only Boreal Owls were found at higher elevations than random plots (Fig. 15).

This supports results of other studies that describe Boreal Owl habitat as high elevation
forests (Hayward 1993, Hayward 1997). As Boreal Owls appear to suffer from heat stress
at temperatures as low as 20°C relative to other owl species (Ligon 1969, Barrows 1981,
Hayward 1993), Hayward (1997) suggested that at least in summer Boreal Owl locations
may be distributed in relation to an elevation gradient, which in turn influences the
availability of cool microclimates, in an effort to avoid heat stress.

Although, the range of elevation is considerably greater in the Rock Mountains,
the location of Hayward’s (1993) study area, than that of the Manitoba Escarpment,
temperatures on the escarpment tend to be 1 to 2°C cooler than the surrounding lowlands
McCready et al. 1980). It is also possible that Boreal Owls” apparent selection for higher
elevations in this study may be attributed to their preference for treed muskeg and a trend
towards greater proportions of softwood-dominated forests in their plots, as these habitat
types tend to be found more frequently within the core of the Escarpment, at higher
elevations. The other four species showed less specific habitat associations and thus may
be found at a number of different elevations.

Great Gray Owls and Great Horned Owls avoided steeper areas (Fig. 16). Great
Gray Owls’ selection for flat locations may be related to the species” trend toward greater
proportions of treed muskeg in its plots, a preferred habitat type elsewhere (Nero 1980,

Duncan 1997). In Wyoming, Whitfield and Gaffney (1997) found that Great Gray Owls
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tended to avoid steep slopes. The trend toward relatively larger amounts of open
agricultural areas in Great Horned Owl plots may be related to the preference of this
species for less steep slopes, as these areas are found at the base of the Escarpment.

Only Northern Saw-whet Owls showed a significant response in occupation of
areas in relation to slope aspect (Table 2), with plots on more northerly slopes than
random. Little is known of owl distribution with relation to slope aspect. Studies
conducted on the Northern Spotted Owl found no significant pattern of occupation in
relation to slope aspect (Blakesley er al. 1992, Forsman and Giese 1997). The occupation
of significantly more northerly slopes than random by Northern Saw-whet Owls may be
related again to microclimate variation. In ravines in northern California, Barrows (1981)
found that north-facing slopes were 5 to 6°C cooler than slopes with a southern exposure.
However the effects of the direction of slope may be confounded by the effects of the
difference in vegetation found on each slope face (Barrows 1981). Slopes that do not
receive direct midday sun, such as more northerly slopes, may retain greater moisture and
thus produce larger trees and denser cover (Barrows 1981). If northern slopes provided
significantly cooler microclimates, one would expect Boreal Owls, who suffer heat stress
at lower temperatures than saw-whets (Ligon 1969, Hayward 1993), to occupy these
slopes more often, however, this was not found in the present study. The effects of slope
aspect on the spatial distribution of the other species, especially Boreal Owls, may have
been affected by the small sample sizes of owl locations on slopes greater than 1.5
degrees. Great Horned Owls and Great Gray les, as they apparently avoided areas of
steep slopes, would not be expected to show a preference with respect to slope aspect. It

is difficult to separate the relationship between owl occurrences and topographic
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characteristics and the variation in vegetation characteristics that go along with it
(Barrows 1981). Studies at the roost or nest site level or using radio transmitter

relocations may allow for the separation of these two factors.

CONCLUSIONS AND RECOMMENDATIONS
The five most common forest owl species in the Manitoba Escarpment did not

distribute themselves spatially in a random pattern with respect to degree of
fragmentation, elevation and to a much lesser extent, slope characteristics. Boreal Owls
and Great Horned Owls exhibited each extreme in terms of occupancy patterns based on
degree of forest fragmentation and few relationships were documented between owl
occupancy and slope and elevation characteristics.

The effects of forest fragmentation on owl species are complex and dynamic.
Forest edges are changing in size and shape each year with continued clearing and forest
fires and succession of previously cleared areas. The FRI data used in this study are
already over 10 years old and considered out of date and will be replaced by an updated
set in the next few years (S. Frey pers. comm.). Once these data are updated, this study
could be modified to reflect more current conditions. FRI data is recorded and presented
at a broad level of detail and thus ignores within stand variation, increasing the potential
for errors in stand descriptions (N. Kenkel, pers. comm.). However, in an effort to ground
truth the FRI data for a study in southeastern Manitoba, Servos (1986) found that the
classification polygons represented actual stand composition and density with sufficient
accuracy for landscape-level and home range-level studies of habitat associations. This

form of data has also been used in several other studies of owl habitat relationships



(Servos 1986, Bouchart 1991, Johnson 1993, Moen and Gutierrez 1997, Mazur et al.
1998)

Occupancy alone is not a sufficient measure of a species’ response to forest
fragmentation (Johnson 1993). Owls are highly mobile and the effects of fragmentation,
such as increased distance between habitat patches, are likely greater than those of habitat
loss alone (Noss and Csuti 1997). For forest owls, isolation of forest fragments may pose
significant barriers to juvenile and adult movements and dispersal (Schumaker 1996,
Meyer et al. 1998), an aspect of fragmentation not considered in this study. To create a
more complete picture of the effects of forest fragmentation on owls, studies should focus
on the survival, reproductive success and dispersal rates of owls in these fragmented
habitats (Johnson 1993, McCallum et al. 1994).

Little work has been done on the effects of slope characteristics on the spatial
distribution of raptors, despite the potential for great effects in areas of dramatic variation
in topography. Even in areas of moderate elevation, changes in slope aspect and gradient
can affect drainage, logging and burn patterns, and thus may be a covariate of stand age
and tree size. Based on the owl-habitat relationship documented in this and other studies,
these variables likely ultimately affect the distribution of owls.

Thus, despite the limitations of this study, the results indicated an association with
edges in Great Horned Owils and the apparent avoidance of edges by Boreal Owls, the
association with riparian forests in both Boreal and Barred owls and the indication that
topographic features may influence owl distribution are are useful as baseline data in the
development of forest management protocols for this region so that the ecological

integrity of these species may be better conserved.
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SUMMARY

1.

!\J

(95

W

The objectives of this study were to describe the habitat associations of five owl
species in the Manitoba Escarpment and to compare owl and random areas with
respect to the degree of forest fragmentation, amount of water edge and elevation
and slope characteristics.

A total of 264 owls in 1999 and 246 owls in 2000 were located through nocturnal
surveys using taped playbacks of owl calls and through incidental encounters.
Owl locations were digitized as UTM coordinates and overlaid on forest resource
inventory maps.

Circular plots approximately equal in size to each species” published home range
estimates were overlaid on each owl location. Habitat (cover type, cutting class
and crown closure), edge, elevation and slope characteristics within were
compared with a sample of stratified random plots of equal size in a use versus
availability analysis.

Barred, Great Gray and Northern Saw-whet owl plots all contained significantly
less unnatural opening/burn areas and the associated young open forest. These
findings support those of other studies for Barred Owls and Northern Saw-whet
Owls, both cavity nesters. This finding for Great Gray Owls differs from studies
in southeastern Manitoba and may be related to the timing in the season of the
study and/or the time of day of the surveys.

Boreal Owl plots contained significantly greater proportions of treed muskeg and

smaller proportions of natural openings and deciduous forest, a trend possibly
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related to a preference for Red-backed Voles and Microtus, which are often found

in coniferous forest and treed muskeg.

. All species showed some trend toward larger proportions of mature and old forest

in their plots, and this trend was significant in Great Horned and Northern Saw-
whet owls plot. Northern Saw-whet Owl plots contained greater amounts of forest
with 51-70 % crown closure, whereas, Barred Owls preferred forest with high

(71-100%) crown closure.

. Only Boreal Owl and Great Horned Owl plots differed significantly from random

with respect to degree of forest fragmentation. The smaller edge-to-area ratios
with Boreal Owl plots may also be related to habitat preferences of prey species
and possibly an avoidance strategy for one of its predators, the Great Horned Owl,

whose plots contained significantly higher edge to area ratios than random.

. The significantly larger amount of forest edge bordering water in Barred Owl and

Boreal Owl plots could reflect an affinity of these species for wet areas due to the
abundance of larger trees for nesting and possibly an increased abundance and
diversity of prey species in riparian areas.

Boreal Owls were found at significantly higher elevations than random plots, thus
supporting the hypothesis of an elevational distribution of this species in relation
to summer temperatures. The avoidance of Great Gray and Great Horned owls of
steeper slopes is likely due to the relatively large amount of treed muskeg and
agricultural land found respectively in the plots of each species. The significantly

greater amount of Northern Saw-whet Owl locations on northerly slopes may
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reflect a preference by that species for cooler microclimates, which could
facilitate thermoregulation.

10. Despite the potential biases of using circular plots centered on estimated owl
locations, this study provides important baseline data in the development of

management protocols for the forests inhabited by these species.
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APPENDIX 1: Spatial Distribution of Survey Routes Within the Study Area
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Riding Mountain National Park West: Bold solid lines represent routes surveyed in
both 1999 and 2000. Bold dotted lines represent routes surveyed only in 1999.
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Duck Mountain Provincial Park and Forest North: Bold solid lines represent routes
surveyed in both 1999 and 2000. Bold dashed lines represent routes surveyed in 2000

only.
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Duck Mountain Provincial Park and Forest South: Bold solid lines represent routes
surveyed in both 1999 and 2000.
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Porcupine Provincial Forest: Bold solid lines represent routes surveyed in both 1999
and 2000. Bold dotted lines represent routes surveyed in 1999 only.
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APPENDIX 2. Cutting class category definitions (Natural Resources Manitoba

1996).
Class Description

0 Forest land not restocked following fire, cutting, windfall or other major
disturbances (hence potentially productive land). Some reproduction or scattered
residual trees may be present.

1 Stands, which have an average height less than 3 meters. They may have been
restocked either naturally or artificially and have scattered residual trees.

2 Advanced young growth of post size, with some merchantable volume. The
average height of the stand must be over 3 meters.

3 [mmature stands with merchantable volume growing at or near their maximum
rate and should definitely not be cut. The average height of the stand should be
over 10 meters and average diameter should be over 9.0cm at d.b.h.

4 Mature stands, which may be cut as they have reached rotation age.

Overmature stands, which should be given priority in cutting.
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APPENDIX 3. Crown closure classes definitions (Natural Resources Manitoba

1996).

Class Percentage canopy cover
0 0-20
2 21-50
3 51-70
4 71-100
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APPENDIX 4. Number of individuals of each owl species detected in 1999 and 2000
through broadcast surveys in Riding Mountain National Park, Duck Mountain
Provincial Park and Forest, and Porcupine Provincial Forest, as well as through

incidental discoveries of nesting or calling birds within the study area.

Great Northern Northern
Hormmed Great Barred Long- Short- Boreal Saw-whet Hawk
1999 Owl  GrayOwl Owl eared Owl eared Owl Owl Owl Owl Total
RMNP 41 I 25 2 0 1 I8 1 99
incidental 2 2 3 0 0 0 1 0 8
DMPP/ PPF 12 12 33 2 0 34 S0 0 143
incidental 7 0 1 1 1 0 4 0 14
Total 62 25 62 S 1 35 73 1 264
Great Northern Northern
Horned Great Barred Long- Short- Boreal Saw-whet Hawk
2000 Owl  GrayOwl  Owl eared Owl eared Owl Owli Owli Owl  Total
RMNP 48 6 24 2 0 0 67 0 147
incidental 3 2 5 1 4] 0 0 0 11
DMPP/ PPF 17 6 17 1 0 17 23 0 81
incidental 5 | 0 0 1 0 0 0 7
Total 73 15 46 4 1 17 90 0 246




APPENDIX S. Chi-square statistic for tests for differences in habitat variables
between survey years.

Stand Cutting Crown
Type Class Closure
Species X2 p-value df X p-value df X? p-value df

Barred Owl 12.46 0.03 5 0.90 0.97 3 1.93 0.59 2
Great Gray Owl 848 0.13 S 2.79 0.73 3 1.05 0.79 2
Great Horned Owl 14.91 0.04 7 7.15 0.21 3 19.87 0.00 3
Northern Saw-whet Owl;  7.35 0.39 5 1.38 0.93 3 5.98 0.11 3
Boreal Owl 0.09 1.00 3 1.14 0.95 3 1.58 0.66 2




APPENDIX 6: Z-score charts for the variables edge-to-area ratio, water edge and

elevation
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Z-score charts for edge-to-area ratio values. Trend line represents a normal distribution.
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Z-score charts for water edge. Trend line represents a normal distribution.
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Z-score charts for elevation data. As elevation is not a function of plot size, only one set
of random data was necessary. Trend line represents a normal distribution.





