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ABSTRACT 

Van Ael, S .M. 1996. Modelling Barred Owl (Strix varia) 
habitat in Northwestern Ontario. 90 pp. Advisor: Dr. U.T. 
Runesson . 
Key Words: Barred Owl, call playback survey, GIS 
applications, habitat, landscape management, Landsat TM 
data, logistic regression, Northwestern Ontario, S t r i x  
varia 

With its large home range, dependence on large 
decadent trees for nest cavities, and association with 
mature mixedwoods, the Barred Owl (Strix varia) is 
vulnerable to habitat loss £rom forest harvesting. Study 
objectives were to document Barred Owl habitat associations 
and to detemine whether habitat selection could be 
described in terms of land cover classes derived £rom 
satellite imagery. Owl locations were determined by call 
playback survey near Fort Frances, in Northwestern Ontario. 
Forest characteristics were measured on al1 selected and 
random non-selected sites. Regression analysis identified 
forest type, height and fragmentation as predictors of 
Barred Owl presence. Trembling aspen (Populus tremuloides), 
white birch (Betula papyrifera) , red pine ( P i n u s  resinosa) 
or white pine (Pinus strobus) mixedwoods were selected. Owl 
presence probability increased with canopy height and the 
proportion forested in 280 ha around a site. A GIS-based 
habitat map, created from satellite image-derived land 
cover classes, distinguished good and poor habitat regions. 
A long-term, landscape-level approach is required to ensure 
a continuing supply of Barred Owl habitat in Northwestern 
Ontario's working forest. This study demonstrated that 
Barred Owl habitat can be characterized by forest data 
widely available in digital format, and thus is well suited 
to supply assessment and forecasting in a GIS (Geographical 
1nf ormation Systern) . 
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Mortals dwell in that they  receive the sky as sky. 
They leave t o  the Sun and w o n  their journey, 

to the stars their courses, 
to t h e  seasons their blessing and their inclemency; 

they do not turn night into day 
nor day into a harassed l~nrest. 

Martin Heidegger 



INTRODUCTION 

Since traditional timber harvesting tends to alter the 

forest landscape and reduce the quantity and distribution 

of mature and old growth, good management requires that 

species dependent upon late successional stages be 

identified. It is especially important to identify mature 

forest species with large home range requirements, since 

they are vulnerable to shortfalls in suitable habitat where 

timber harvesting and other disturbances have created gaps 

in the age distribution over the forest landscape. A remedy 

to this problem is to manage the forest at the landscape 

level, ensuring habitat supply by maintaining a natural 

distribution of forest ecosystems across the landscape. 

Incorporating a species' needs into landscape-level 

management requires defining its habitat in tenns of widely 

available data, such as the Ontario Forest Resources 

Inventory (FRI). Since ensuring mature forest ecosystems 

across the landscape is a long-term and extensive 

endeavour, an affordable way to acquire up-to-date 

information for a large area is necessary. Satellite 

imagery is a cost effective source of forest information 

for large areas (Leckie 1990) . FR1 data, f orest data 
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derived from satellite irnagery, and wildlife habitat 

information can be compiled for large areas, integrated and 

analysed in a geographic information system (GIS). 

The Barred Owl (Strix varia) is associated with old 

and nature deciduous-coniferous mixedwood in western Canada 

and the northern ~nited States. Home ranges are typically 

100's of hectares. In Ontario it inhabits the Great Lakes- 

St. Lawrence and southern Boreal forest regions (Weir 

1987). Creating a GIS-based Barred Owl habitat map and 

describing habitat selection in terms of standard and 

easily obtainable forest data (height, species. forest 

area) would provide a basis for integrating its habitat 

needs into an ecosystem-based approach to forest 

management. This study was undertaken to document Barred 

Owl habitat associations and determine whether habitat 

selection can be described in terms of land cover classes 

derived £rom satellite imagery in northwestern Ontario, 

The study area corresponded to a 90 X 90 km Landsat 

Thematic Mapper (TM) 1/4 scene near Fort Frances. Ontario 

(Figure 1) from which a land cover map had been derived 

(Rempel, unpublished data). Owl locations and vegetation 

data were obtained from the southeast section of this area 

in 1993 and northwest section in 1994. 

Owl locations were determined by cal1 playback suney. 

Forest structural and vegetative characteristics were 
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measured at al1 sites where the owls were present and at a 

random saple of sites where they were absent. A logistic 

regression mode1 was developed £rom data collected in 1993 

and tested with the 1994 data. The regression equation was 

then used to develop Barred Owl habitat and non-habitat 

zones £rom forest classes derived from Landsat TM data. The 

cutyut ,  u  na^ ûf good =d poor habitat, was assessed for 

its ability to predict Barred Owl presence. 





LITERATURE R E V I m  

A paradigm shift in natural resource management £rom a 

single-species approach to an ecosystem approach has 

recently begun to change the way we think about meeting 

forest wildlife habitat requirements (Kessler 1992, Rowe 

1994, Galindo-Leal and B u M ~ ~  1995). The rise of the 

ecosystern management concept has been driven by 

developments working at many levels of society, £rom global 

realization of the importance of sustainable development 

and biodiversicy to local wildlife conservation crises 

(Galindo-Leal and BumeIl 1995). At its root is the idea 

that the ecosystem should be the fundamental unit of 

resource management. In this context the word 'ecosystem', 

which traditionally refers to the system comprised by a 

biological community and its physical environment (Begon et 

al. 1986), often implies a large area (up to 500 

h2)(Belanger 1995, Galindo-Leal and Bunnell 1995). 

Broadening the scope further, the spatially defined 

ecosystem is seen as one in a patchwork of ecosystems that 

rnake a landscape (Joyce 1992) . Thus management at the 
ecosystem level implies consideration of landscape 

patterns. Also implied is a shift to long term research, 



monitoring and planning. The long time £rame is essential 

for predicting landscape level change through disturbances, 

human intervention, ecological succession, acid rain and 

global warming. 

Cornitment to sustainable development and maintaining 

biodiversity are natural consequences of thinking of the 

ecosystem as the management unit. Management is undertaken 

to ensure that long-term ecosystem function is not 

compromised for short-term gains (Bo~th et al. 1993). Since 

an ecosystem i s  defined in part by its living members, 

ecosystem management irnplies that populations of al1 native 

species persist. 

The usual approach to North American forest wildlife 

management is to develop a timber plan, then shape it for 

wildlife and other values (Welsh 1988). The habitat needs 

of ecological indicators, game, non-game of special 

interest, species sensitive to certain management 

activities, and threatened or endangered species are used 

to constrain forest management practices (Wedeles et al. 

1991). But this single-species and reactive approach is 

problematic. Monitoring is often difficult and expensive. 

Other species supposedly represented by an indicator 

species may respond differently to disturbance (Welsh 

1988) Protecting existing habitat as an 'area of concernr, 

as is done in Ontario fox featured species, is not enough 
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to ensure that an adequate supply will exist over time in 

the landscape (Naylor et al. 1994). Attempting to manage a 

forest simultaneously for a number of featured species 

could lead to a logistical mess, as multiple and perhaps 

conflicting habitat needs were assembled as postscripts to 

the timber plan (Welsh 1988) . 
Because it is concerned with the persistence of a 

single species to maintaining ecosystem integrity at the 

landscape level, the ecosystem management concept is 

changing how we think of meeting wildlife habitat needs. 

Because wildlife habitat is recognized as a product of 

managing the landscape, the approach is inherently 

proactive and forward looking. Commercial fo res t ry  is 

traris£ormed from being seen as a human activity to be 

constrained here and there by non-timber values, to one 

that can act in the service of ecology (Solway 1993). 

Ensuring habitat supply is emphasized over monitoring an 

indicator's population (Welsh 1988), addressing the needs 

of menibers of a species guild without relying on the 

representativeness of an indicator. Focussing on 

maintaining a natural distribution of forest ecosystem 

types provides 'growing room' for changing values and 

unforeseen circurnstances. 

Forest wildlile habitat information is as important to 

the ecosystem management concept as it is to the indicator 
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species approach, but as rnaterial that defines the 

management unit it would enter the planning process on a 

more fundamental level. Forest habitat for species groups 

could be identified by vegetation type and age, then built 

into the plan to ensure their future (Welsh 1988)- 

Because forest management is a dynamic agent of 

extensive and long term change, redefining it as a tool for 

ecosystem management requires an approach to habitat 

recognition which can keep pace, handle large areas and is 

cost effective. Using satellite image data is an affordable 

way to compile and maintain an up-to-date digital database 

for large geographic areas (Pierce 1989). Interpretation of 

satellite data can yield information about forest type, 

stand density, percent cover and stand size (Horler and 

Ahern 1986, Mann et al. 1989, Green and Congalton 1990, 

Leckie 1990) and has been demonstrated to be useful for 

classifying bird habitat (Hewitt et al. 1986, Konrad et al. 

1990, Miller and Conroy 1990, Smith 1990, Sader et al. 

1991, Usher et al- 1992) . 
Complementing the advantages of satellite data for 

landscape study, a GIS permits analysis of spatial 

information for large areas. Digital data can be integrated 

with information from existing rnaps and field observations 

in a GIS. The GIS facilitates inventory management, map 

creation, spatial and statistical analysis of the data and 
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forecasting under multiple scenarios (Shaw and Atkinson 

1990). 

In Ontario, a shift to ecosystem-based forest 

management was announced in May 7 ,  1991 as the Ontario 

Ministry of Natural Resources' Sustainable Forestry 

Initiative (SF) (Welsh et al. 1992). As public concern 

about the status of old growth forest grew, an Old Growth 

Conservation initiative was established as an SF program in 

1992. The Old Growth Policy Advisory Cornmittee (PAC) was 

formed to develop recommendation for conserving old growth 

ecosystems in Ontario (Kidd 1993). Although the PAC 

focussed on red and white pine in its interim report 

because of the level of public concern on these species, 

many of its recommendations would apply to the management 

of any forest ecosystem. The PAC recommended that Ontario 

develop an information system compatible with a GIS, which 

incorporates digital F R 1  and Forest Ecosystem 

Classification systems. Ecological research recommendations 

included determining the impacts of forest fragmentation on 

species diversity and which plants and animals are 

dependent on old growth red and white pine (Kidd 1993). 

This was echoed in research recommendations £rom biologists 

surveyed for the Ontario Forest Research Institute (Welsh 

et al. 1992), who advised that the ecological importance of 

old growth pine forests to selected vertebrate species be 



determined. 

These recommendations directed at the red and white 

pine issue could be extended sensibly to any forest 

ecosystern as forest policy moves toward ecosystem 

management. Evident in the public's concern over old growth 

red and white pine is anxiety regarding the state of mature 

and old growth forests in general (Solway 1993). Since 

timber harvesting tends to limit its amount and 

distribution, species dependent upon al1 types of mature 

forest must be identified and the nature of the 

relationship determined (Meslow et al. 1981, Schoen et al. 

1981). It is especially important to identify mature forest 

species with large range requirements, since 

vulnerable to shortfalls in suitable habitat 

maturation lags behind turnover. 

The Barred Owl is a species which might 

on mature forest in northwestern Ontario. It 

in Canada from eastern British Columbia east 

Scotia, through the Pacific northwestern and 

they are 

where forest 

be dependent 

is distributed 

to Nova 

eastern United 

States, to the central plateau of Mexico (Johnsgard 1988). 

It is a recent immigrant to eastern British Columbia (Grant 

1966), the northwestern United States (Taylor and Forsman 

1976, Marks et al. 1984) and Alberta (Boxa11 and Stepney 

1982). In west-central Canada, the Barred Owl's range 

coincides with the range of mixedwood forest in central 
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Saskatchewan and £rom the west to southeastern corner of 

Manitoba (Duncan 1994). In Ontario, the Barred Owl inhabits 

mature hardwood and coniferous rnixed woodland of the Great 

~akes-St. Lawrence and southern boreal forest regions (Weir 

1987). With its range increasingly restricted in southern 

Ontario due to habitat loss, it has been almost extirpated 

south of 4 4 " ~  (~eir 1987, Austen et al. 1994). 

The Barred Owl is a non-migratory permanent resident 

and is presumed to occupy the same territory for as many as 

30 years (Bent 1961). Radio-tracking evidence suggests that 

Barred Owl home range boundaries are constant for decades, 

even when occupants change (Nicholls and Fuller 1987). 

Preferred habitat is large (100's of ha) contiguous 

undisturbed forest with abundant mature timber (Nicholls 

and Warner 1972, McGarigal and Fraser 1984, Sutton and 

Sutton 1985, Bosakowski et al. 1987, Johnson 1987, Mazur 

and James 1995). Because of its observed habitat 

preferences in the northern United States, it has been 

designated an indicator species for the management of 

mature/old growth forests in both Minnesota and the 

national forest of the southern Appalachians (Bosakowski et 

al. 1987, Johnson 1987) . 
Preference for mature £orest has been proposed to be 

related to requirements for nesting cavities, perches, 

unimpeded travel, and hunting . Devereux and Mosher ( 19 84) 
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reported diameters of 42 to 88 cm at breast height (dbh) 

for seven trees with Barred Owl cavity nests. Mazur and 

James ( 1 9 9 5 )  reported an average dbh of 49.1 cm for ten 

nest trees. Nicholls and Warner (1972) suggested that the 

structural characteristics of preferred habitats in 

Minnesota were ideal for hunzing prey- The lack of brush, 

and abundance of available perches in upland oak woods and 

mixed hardwood and conifer types enabled owls to see, fly 

and capture prey. 

Preferred forest types may have higher prey densities 

than others. Nagorsen and Peterson (1981) found small 

mammals to be more abundant in upland mixed forest than in 

lowland conifer types. Jones and Naylor (1994) found small 

mammals to be slightly more abundant in old growth white 

pine and boreal mixedwood than in lowland conifer. 

Comparing rnammalian prey abundance in mature mixedwood to 

mature aspen in Saskatchewan, Mazur and James (1995) found 

red squirrels to be more abundant in mature mixedwood, and 

voles and mice to be more abundant in mature aspen, They 

suggested that the open flyways and understoreys of mature 

mixedwood enhance ground-dwelling prey availability, while 

the typically dense shrubs of aspen forests might irnpede 

hunting ground dwellers. 

Reported densities of Barred Owl Vary from 7.3 pairs/ 

100 km2 in New Jersey (~osakowski et al. l987), to 35.5 
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pairs/100 km2 in northern Michigan (Elody 1983). 

The Barred Owl is territorial, exhibiting exclusive 

home ranges (Nicholls and Fuller 1987). It has been 

demonstrated to respond readily to vocal imitations or tape 

recorded broadcasts of conspecific calls during the 

breeding season (Johnson et al. 1981, McGarigal and Fraser 

1985, Bosakowski 1987, Mosher et al. 1990). These 

characteristics make cal1 broadcasts useful to elicit 

responses for Barred Owl surveys (Fuller and Mosher 1987). 

Barred Owl home ranges are larger in winter to 

compensate for lower prey availability (Elody 1983, 

~osakowski et al. 1987). Elody and Sloan (1985) reported an 

average annual territory size of 282 ha, which decreased to 

188 ha in summer, for 7 Barred Owls in Michigan. A radio- 

tagged pair in this study occupied 286 ha in summer. In 

Minnesota, home ranges for 7 radio-tagged owls averaged 655 

ha (Fuller 19?9), with breeding females using 508 ha. Also 

in ~innesota, Nicholls and Warner (1972) reported an 

average home range of 229 ha for 9 owls (86 to 369 ha) . Sex 
and season tracked were not reported in conjunction with 

home range size; however, one owl of unknown sex had a 104 

ha home range between July and September (Nicholls and 

Warner 1972). In Saskatchewan, home ranges averaged 148 ha 

(n=12) in the breeding season, 1,234 ha (n=12) during the 

non-breeding season, and 956 ha (n=8) amually (Mazur and 
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James 1995). Non-breeding home ranges were on average 11.3 

times larger (3.7 to 17.9, n=10) than breeding ranges, and 

the authors estimated a minimum requirement of 583 ha of 

mature/old rnixedwood for a pair of Barred Owls (Mazur and 

James 1995). 

As a cavity nesting bird with large home range 

requirements, the Barred Owl may be at risk in the portions 

of its range where forest management lirnits mature 

mixedwood. Describing its habitat in terms of forest types 

that can be obtained £rom satellite imagery and FR1 would 

provide a basis for integrating the Barred Owl into 

ecosystem management in northwestern Ontario. Using a GIS 

to facilitate habitat analysis and mapping would be 

consistent with the PAC's recornrnendations concerning the 

future of Ontario's forest information system. 

Demonstrating that forest characteristics (type, height, 

area) selected by the Barred Owl can be readily obtained 

and entered into a GIS would suggest that the Barred Owl 

could benefit from careful habitat management at the 

landscape level. 



Barred Owl locations were determined by nocturnal cal1 

playback survey. Forest structural and vegetative 

characteristics were measured at al1 sites where owls were 

observed and at a random sample of sites where owls were 

absent. Data collected in the first year cf the study 

(1993) were used to develop a logistic model predicting 

Barred Owl occurrence from forest characteristics. This 

model was tested on the data collected in the second year 

(1994) . 
The relationship between Barred Owl occurrence and 

forest type described in the model, informed the process of 

obtaining good and poor habitat zones from general forest 

classes derived £rom Landsat TM data. Poor Barred Owl 

habitat was mapped by aggregating non-selected land cover 

classes, and the remaining land area was mapped as good 

habitat, This map's representation of Barred Owl habitat 

was assessed by evaluating its ability to predict selected 

and non-selected sites. 
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SURVEY AREAS AND ROUTE SELECTION 

Owl survey areas were selected from an area 

corresponding to the LANDSAT TM scene from which the land 

cover map was derived. It is located north of Highway 11, 

southeast of Dryden in the Fort Frances Administrative 

District of the Ontario Ministry of Natural Resources 

(Figure l), spanning a transition zone from the Great 

Lakes-St. Lawrence Region to the Boreai Region (Rowe 1972). 

The survey areas were chosen for their extensive road 

networks and for encornpassing tracts of typical boreal 

conifer, hardwood and mixedwood forests. Forest composition 

was determined £rom F R 1  maps and by consultation with 

Ontario Ministry of Natural Resources (OMNR) personnel 

familiar with the area, 

The southeast section of the map was chosen as the 

focus of the 1993 field season. Initially al1 accessible 

roads were chosen for the noctarnal owl survey routes. With 

advice £rom Fort Frances OMNR personnel, 2 lakeshore 

routes, Heron Lake and Pettit Lake, Manion Lake and 

Moosetrack Lake (Appendix I), were added to expand the 

coverage of hardwood-mixedwood forest. 

The northwest section of the map was studied in 1994. 

Four 20  to 55 km routes were assigned for Cedar Narrows, 

North Penassi, East Penassi Roads and selected forest 

access roads (~ppendix II) . 



NOCTURNAL SURVEY 

Cal1 Plavback 

The call playback method, as described in Fuller and 

Mosher (1987) and Shepherd (1992), was used to determine 

Barred Owl locations on the survey routes. A tape xecorded 

Barred Owl cal1 was broadcast at 1.6 km intervals on a 

sunrey route to encourage owls to respnd vocally, or fly 

in to investigate. 

A portable cassette tape recorder with a frequency 

response of 100 Hz to 10 kHz (Sanyo@ CFS-1030) and two 8 

ohm 10 cm trumpet speakers (RealisticB All-weather 

Powerhorn) were used to broadcast vocalizations. Speakers 

were placed on the roof of the vehicle 2 m from the ground 

and directed at both sides of the road, or held 2 rn from 

water level and directed at 45O and 135O to the nearest 

shore. The call recording was copied £rom Walton and Lawson 

(1989) and arranged on a cassette tape to occur 18 times 

over 2 minutes in 3 groups of 6 calls, 15 seconds apart. 

Survev Loaistics 

Survey routes were usually run on calm, clear nights 

£rom 30 minutes after sunset to 30 minutes before sunrise. 

Surveys were never conducted with precipitation or winds 

greater than about 15 km/h (Fuller and Mosher 1987). In 

1993 unusually poor weather in mid-summer interfered with 

route timing, which meant that some surveying had to be 
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sites was 

on cloudy nights. In 1994 the number of plamed 

reduced to facilitate surveying in the best 

conditions within a shorter tirne, thereby reducing response 

variation due to weather and season (Shepherd 1992). 

Additionally, routes were planried such that dissimilar 

forest types wêre covered in similar moon phases to 

distribute possible moon phase effects evenly (Shepherd 

1992) . In both years, moon phase, cloud cover, wind and 
ambient noise were noted for each route and site (Appendix 

III). 

Over the 2 years, 268 unique sites were surveyed. In 

1993, 178 sites were established and revisited between June 

5 and August 15 in the southeast study area. In 1994, 83 of 

the previous year's sites were revisited between May 15 and 

June 1, and 90 new sites were established in the northwest 

s tudy area f rom June 7 to June 2 6. 

Survev Site Procedure 

A site visit was a tirned 10 to 30 min. stop, 

consisting of 2 min. cal1 playback and 3 min. listening, 

repeated once (Shepherd 1992). If no response was elicited 

within the first 10 min, the visit w a s  terminated and the 

site was designated non-selected. If a response was 

elicited, the site was designated selected and additional 

time (10 min. in 1993, 20 min. in 1994) was used for 

response description and owl location. 
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The change in follow up time £rom 10 min. in 1993  to 

20 min. in 1994 was motivated by a desire to determine the 

number of owls involved in responses at neighbouring stops. 

The extra time allowed the survey team to listen for pairs 

and distant neighbours, recognize individual voices, 

triangulate to determine distance, and rnap an approaching 

owl. This information was required for determining whether 

adjacent selected sites were occupied by one or more owls 

or mated pairs. 

Upon identifying a Barred Owl response at a site, the 

survey team halted the call playback to hear the owl 

better. Elapsed time to first contact was noted. If the owl 

was not visible, two team members dispersed to points 

roughly 200 rn apart, and coordinated by a third person. 

took a series of sirnultaneous compass bearings to the 

calling owl. Bearings were assumed to be accurate to within 

2". When the site and bearing origins were known, they were 

mapped on an FR1 rnap and used to triangulate the owlls 

position. The owl's location was mapped as the polygon 

defined by the intersection of the +2" confidence limits of 

each bearing recorded. At sites that could not be reliably 

rnapped, the divergence of the bearings and call loudness 

were used to estimate the distance of the owl. A G P S  

(Global ~ositioning System) unit was used in differential 

mode to collect location coordinates. 
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To enable the field team to find sites again, vehicle 

odometer readings £rom nearby intersections were recorded 

and every site was marked with flagging tape and a pylon. 

For each owl encounter, the nuber of respondents, the 

promptness, speed and direction of approach, the relative 

pitch and rhythm of the cal1 and other noteworthy 

behaviours ( e - g . ,  swooping) were recorded. 

VEGETATION PLOTS 

Al1 selected sites and a random sample of forested 

non-selected sites were designated for recording vegetation 

characteristics that might correlate with Barred Owl 

occurrence. At each site, 3 plots, 100 rn apart, were 

located on a transect run perpendicular to the road. At 

selected sites the transect was centred on the owl 

location. The road side was chosen by coin toss. Plot 

dimensions (10 X 10 m) conformed to the Northwestern 

Ontario Forest Ecosystem Classification (NWO FEC) sample 

plot (Sirns et al. 1989) . Descriptions of the field data 
collected in each year, and methods used are presented in 

Table 1. Examples of vegetation sampîe plot field notes are 

in Appendix IV. 



Table 1. Vegetation plot data and collection methods. 

In£ ormation Instrument Method 

Site 
position 

Vegetation 
type 

Canopy and 
subcanopy 
height 

Basal area; 
Stem density 

Subcanopy 
closure 

M a p  and 
Global Positioning 
Unit 

r 120 points 
differential 

Field Guide to the Per guide 
Forest Ecosystem instructions 
Classification for 
Northwestern Ontario 
(Sirns et al. 1989) 

Suunto clinometer 

2m2/ha wedge prism; 
diameter tape 

In 1993, by scale; 
none 
to 20  % 
21 to 40 % 
41 to 60 % 
61 to 100% 

mode 

4 to 6 of the 
tallest and shortest 
trees 210 m ta11 and 
210 cm dbh 

1993: point sample 
1994: modified point 

sarnple 

Visual estimation 



VARIABLE DEFINITION 

Ten variables were derived from the field data, and 

two were derived £rom the land cover map (Appendix V) (Table 

2 )  - 
The NWO FEC classifies mature undisturbed forest 

stands into 38 vegetation types (Sims et al- 1989). These 

vegetation types were grouped by the major tree species, as 

delineated in the NWO FEC Field Guide(Sims et al, 1989 

p.119), to create a categorical variable (MAJSP) describing 

forest type on a sample plot. Vegetation types which could 

be in 2 groups were grouped according to the specles most 

abundant in the tree layer on the sample plot. 

Forest type on a 3 plot transect (SET) was defined 

from the MAJSP groups observed on the plots. A boreal 

conifer transect had 22 plots dominated by black spruce 

(Picea mariana) or jack pine (Pinus banksiana) . A deciduous 
mixedwood transect had 22 plots dominated by trembling 

aspen (Populus tremuloides) or white birch ( B e t u i a  

papyrifera). A red/white pine rnixedwood transect had 21 

plot dominated by red pine (Pinus resinosa) or white pine 

( p i n u s  s trobus)  . 



Table 2. Abbreviated names, values and definitions of 
variabf es. 

Abbreviation Value Definition 

owl present 
owl absent 

MAJSP Major tree species on 
pl0 t 

O (reference category) Unforested 

Black spruce 
otherwise 

Jack pine 
O therwise 

POT-BW Trembling aspen or white 
birch 
otherwise 

PR-PW 

SET 

Red or white pine 
otherwise 

MAJSP composition of 3 
plots on 300 m transect 

O (reference category) Boreal conifer 
( 2  2 SB or PJ) 

DEMIX Deciduous mixedwood 
(2 2 POT-BW) 
otherwise 

PINEMIX Red/White pine rnixed 
(2 1 PR-PW) 
otherwise 

CANHT Metres Average height of tallest 
trees 
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Table 2. (Continued) 

Abbreviation Definition Value 

INTERHT Metres Space between tops of 
tallest and shortest 
trees r 10 rn and 2 10 cm 
dbh - 

BA 

BAÇNAG 

TPERHA 

TGT3 0 

LCUT ' 
SCUT ' 

O (reference category) 

Trees /ha 

Trees /ha 

Proportion from 
O to 1 

proportion f rom 
O to 1 

Subcanopy closure 
category 

1 to 20 % 
otherwise 

21 to 40 % 
otherwise 

41 to 60 % 
otherwise 

61 to 100% 
otherwise 

Basal area of live trees 

Basal area of standing 
dead trees 

Density of live trees 

Density of trees 
2 30 cm dbh 

Proportion unforested in 
280 ha around survey site 

Proportion unforested in 
2 ha around survey site 

' variables derived £ r o m  land cover m a p  

A sample of  the prepared data is given in Appendix VI. 



2 5  

DEFINING BARRED OWL HABITAT 

Linear regression analysis (Chatterjee and Price 1977) 

was used to screen the 1993 data set for habitat 

characteristics related to Barred Owl presence. For this 

prelirninary exploration, the categorical variables (SET, 

W S P  and SUBCAT) were treated in a linear fashion, an 

arrangemen-t which assumed that a step up in one of these 

variables was worth a fixed incrernent in Barred Owl 

presence. The SET categories were 1 (boreal conifer), 2 

(DEMIX) and 3 (PINEMIX) . The MAJSP categories were 1 
(unforested), 2 (SB), 3 (PJ), 4 (POT-BW) and 5 (PR-PW) . The 
SUBCAT categories were 1 (O % ) ,  2 (TOSO), 3 (T040), 4 

(TOGO) and 5 (T0100). Results were examined for 

collinearity and insight into which variables accounted for 

the greatest proportion of the variance in owl presence. 

Further insight was sought from an exploratory 

logistic regression on the same (1993) data set. Logistic 

regression is a multivariate technique for estimating the 

probability of an event occurring, which performs well for 

data consisting of a binary response and an assortment of 

continuous and categorical explanatory variables. For two 

independent variables predicting Barred Owl occurrence, the 

regression equation can be written as: 



where Z is the linear combination, 

Z=Bo+BiXi +B jXj 

Bo is a constant and Bi and Bj are the coefficients for the 

variables Xi and Xj respectively. The parameters were 

estimated by the maximum-likelihood method, which uses an 

iterative algorithm to compute coefficients that make the 

observed results most likely (Norusis 1 9 8 9 ) -  A logistic 

regression typically produces coefficients, their standard 

errors and associated significant levels for each parameter 

in the equation. AIso returned is the odds ratio, which is 

the factor by which the odds (of Barred Owl presence, for 

example) change when the explanatory variable increases by 

one unit (Norusis 1989). 

For the logistic regression the categories of SET, 

MAJSP and SUBCAT were represented by indicator variables, 

with values of O and 1 to signify category membership 

(Table 2). Note that the number of indicator variables 

required to represent a set of categories is one less than 

the number of categories. For example, a boreal conifer 

transect would be represented by the indicator variables 
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for the other two possibilities, DEKIX and PINEMIX, 

defaulting to O. Thus no boreal conifer coefficient is 

produced by the regression procedure, and the probability 

associated with boreal conifer transects is determined by 

the constant and values for the other parameters. With the 

indicator variables arrangement, a non-linear relationship 

between SET, MAJSP or SUBCAT and OWL can be detected. 

Non-redundant variables related to Barred Owl habitat 

selection were entered into a forward stepwise logistic 

regression procedure using the likelihood-ratio criterion, 

in the SPSS for Windows software package (SPSS Inc. 1990). 

The predictive accuracy of the equation obtained from the 

1993 data was tested on the 1994 data. 

FROM MODEL TO HABITAT MAP 

With Barred Owl habitat selection described by the 

regression equation, the final task was to demonstrate the 

utility of general forest classes derived from satellite 

imagery in characterizing Barred Owl habitat. A map of 

terrestrial and wetland classes derived £rom LANDSAT TM 

data from the spring of 1991 and summer O£ 1992, was 

obtained (Gluck 1994) . 
The land cover map had been produced by performing an 

unsupervised classification to identi£y 250 distinct 

spectral signatures. Wetland and recently disturbed classes 

were isolated for reclassification by 'liftingr them £rom 
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the landscape with general wetland polygons obtained £rom 

aerial photo derived FR1 maps. The 250 spectral signatures 

on the entire landscape, wetland and disturbed strata were 

re-classified into specific land cover classes that could 

be detected from al1 scales of remotely sensed data. 

Finally, the strata were re-assembled into one map and 

accuracy was evaluated with reference to colour infrared 

photography interpretation (Gluck 1994)- Because recently 

disturbed classes had been separated £rom the landscape 

before classification, there was no con£usion between them 

and the forest classes. Within the five forest classes KHAT 

accuracy (Bishop et al. 1975) was 0 - 7 2 8 .  

Results from the logistic regression mode1 were used 

to make a rnap of potential Barred Owl habitat. Non-selected 

habitat types were assumed to be poor habitat, and selected 

types were assumed to be good habitat. A flow chart 

(Appendix VII) sumarizes how the land cover map was 

redefined as good and poor Barred Owl habitat. 

Non-selected classes were recoded as 1 and the rest 

were recoded O. The non-selected class was scanned with a 

circular window (r = 5 pixels), which returned the class 

value representiny the majority of pixels within the 

window. This step removed thread-like formations, typically 

found along road corridors, that could interfere with a 

meaningful contiguity analysis by linking effectively 



isolated clumps of forest. 

The map was next sùbjected to a contiguity analysis 

with a connectivity radius of 1. This operation identified 

clumps of flanking pixels of the non-selected class. Clumps 

less than a minimum Barred Owl territory of 280 ha were 

elirninated. Although probably small for a typical 

territory, 280 ha was the largest size that didnft overlap 

most neighbouring sites. This was intended to be a 

moderately coarse filter for good (selected) habitat, 

effectively proposing that Barred Owls weren't expected to 

be deterred by poor (non-selected) habitat areas less than 

a small territory. 

The output from the clump and minimum clump 

elimination routine was a map of two classes representing 

areas of good and poor Barred Owl habitat. However, because 

poor habitat polygons were dotted with isolated pixels of 

good habitat, it was difficult to interpret. To solve this 

problem a second contiguity analysis with a connectivity 

radius of 1.5 was performed to identify clumps of immediate 

neighbours of the good habitat class. Clumps less than 28 

ha (10 % of the srnallest poor habitat polygon) were 

eliminated. The output map was recoded to poor and good 

Barred Owl habitat. 

Survey results were overlaid on the habitat map to 

assess how welf it identified potential Barred Owl habitat. 
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A 2 8 0  ha square was centred on each survey site's 

coordinates, giving the selected class priority where 

neighbours overlapped. 

Al1 selected sites and a subset of non-selecte6 sites 

were used to assess the habitat map. Of the 69 non-selected 

boxes that were excluded, 32 were redundant, being entirely 

overlapped by neighbouring non-selected boxes. The other 37 

were excluded because they were at least 20 % overlapped by 

selected boxes, and were thus too close to an owl location 

to signify a non-selected site. The remaining 171 boxes 

were superimposed on the map and tallied by the amount they 

coincided with the good and poor habitat areas. 



SURVEY 

Over the 2 years, 51 Barred Owls responded at 43 of 

the 268 survey sites; 43 of these were detected during 

survey route r u s ,  4 were found during other field work and 

4 during the 1994 re-visiting of 1993 routes (Table 3). 

Table 3 .  Barred Owl encounters in study. 

Barred OwlS 
Sites ENCOUNTERED 

Area Occasion Survey with owl 
sites response Single Pair Total 

SE 1993 17 8 32 15 7 29 
survey 
field 
work 

1994 
re-vis i t 

1994 
survey 

SURVEY TOTAL 268 43 25 9 43 
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From the routes that were run twice in 1993,  7 7  sites were 

visited in c a l m ,  clear weather both tirnes with an overall 

between runs classification accuracy of 97.4% (Table 4 ) .  

Table 4. Barred Owl status at double-checked 1993 survey 
sites. 

SECOND VISIT 
Bar~ed Owl Percent 

s tatus Absent Present ~ ~ t ~ l  unchanged 

FIRST VISIT 

Absent 

Present 

Total 7 7  97 .4  

On sites established in 1993 and re-visited in 1994, the 

overall year to year classification accuracy was 92.8 % 

(Table 5) . 

Table 5. Year to year Barred Owl response fidelity at road 
survey sites. 

Barred Owl Percent 
s tatus Absent Present Total unchanged 

Absent 

Present 20 23 87.0 

Total 83 92.8 
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Of the 480 cal1 playback visits over the 2 years, 135 

individual responses were recorded from 109 visits. The 

owls were identified by hearing (n = 102, 76%) seeing (n = 

3, 2%) or by both hearing and seeing (n = 30, 22%). 

Owl responses were also categorized as: (1) visited 

site without calling (n = 3, 2%); (2) called from within 

100 m of -the site (n = 58, 44%); (3) called £rom distance, 

then flew to within 100 m of site (n = 25, 19%) ; and, (4) 

called from beyond 100 rn from the site (n = 47, 35%). 

~uetting, a raucous cackling vocalization given 

simultaneously by both members of a pair, was heard in 13 

(12%) of the responses. 

~uring the 10 min. survey period, responses 

accumulated steadily (~igure 2). About half (52.5%) of owls 

contacted within the survey period responded in the first 

three minutes. 



Figu re  2 .  Barred O w l  responses within 10 minute survey  
p e r i o d ,  

T h i r t e e n  ( 1 0 % )  of the 135 i n d i v i d u a l  responses  w e r e  

d e t e c t e d  a f t e r  conc lus ion  of the survey pe r iod  e i t h e r  

because  they cou ld  b e  heard £rom ano the r  l o c a t i o n  o r  

because  the  survey team l inge red  a f t e r  the s i t e  v i s i t  

(Figure 3) . 



ELAPSEDllNE(ninteç) 
Figure 3. Elapsed tirne to al1 Barred Owl responses. 

Nine of these were mates of owls that had responded within 

the survey period, and three were previously detected owls 

revisited for mapping confirmation. Only one response 

outside the 10 min. period, a pair heard 35 min. after call 

playback began, altered a site from non-selected to 

selected- In this case, a lakeshore site was visited j u s t  

before sunset for safety reasons. No response was heard 

within 10 min., but 25 min. later a pair of duetting Barred 

Owls perched within 30 rn of the call playback site. 



HABITAT CKARACTERISTICS 

Emloratorv analvsis 

The linear regression analysis indicated that SET (T = 

6 . 4 1 ,  p -c 0 . 0 0 1 )  and LCUT (T = - 2 . 3 6 ,  p = 0 . 0 0 5 )  accounted 

for most of the variance in Barred Owl presence. Highly 

carrelated variable pairs were CANHT and INTERHT (r2 = 

0 . 7 7 )  LCUT and SCUT (r2 = 0 . 5 2 )  and SET and W S P  (r2 = 

0 . 6 0 ) .  O f  the nonsignificant variables, SUBCAT (T = 1.96, p 

= 0 . 0 5 2 )  and CANHT (T = 1 . 3 2 ,  p = 0 . 1 8 8 )  were most related 

to Barred Owl presence. 

DEMIX, PINEMIX and CANHT were identified as predictors 

of Barred Owl occurrence by the exploratory logistic 

regression analysis (Table 6 )  . 
Ste~wise Loaistic Rearession 

DEMIX, PINEMIX, CANHT, LCUT, and the SUBCAT categories 

were entered as explanatory variables of Barred 0w1 

presence into a stepwise logistic regression. MAJSP was 

excluded because it was by definition closely related to 

SET. It was a l s o  less likely to agree with F R 1  and 

satellite image derived data since it described the 

vegetation type more specifically and on a smaller scale 

than SET. INTERHT and SCUT were excluded because they were 



T a b l e  6 .  Explanatory variable odds ratios and 
probabilities £rom exploratory logistic 
regress ion. 

Variable Probability Odds ratio 

SET 

DEMIX <0.005 8 .82  

POT-BW <0,250 0 . 1 0  

PR-PW 

LCUT 

INTERHT c l .  000 0 .97  

SUBCAT 

BASNAG (1. O00 0 . 9 7  
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closely related to CANHT and LCUT respectively and 

unrelated to Barred Owi occurrence. BA and BASNAG were 

excluded because the exploratory analyses revealed no 

relationship with Barred Owl occurrence, 

DEMIXI PINEMIXI CANHT and LCUT were selected as 

predictors of Barred Owl presence by the logistic 

regression analysis (Table 7). 

Table 7. Explanatory variable coefficients, probability 
values and odds ratios in final logistic mode1 O£ 
Barred Owl presence. 

Variable Coefficient Probability Odds ratio 

Constant -2.954 <O. 001 

DEMIX 3.018 C O .  001 

PINEMIX 4.124 <0.001 

CANHT O. 130 CO. C O 5  

LCUT - 3 . 3 2 3  (0.025 

The loaistic emation 

The odds of encountering a Barred Owl increased with 

increasirg canopy height (CANHT) and decreased with 

increasing proportion unforested in 280 ha (LCUT) - Relative 
to the odds of encountering a Barred Owl in boreal 

conif erous f orest, the odds were 20 times Larger in 

hardwoods and approxirnately 60 times larger in red/white 

pine mixedwood (Table 7). 
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Barred Owl habitat selection as expressed in the 

regression mode1 can be illustrated by plotting 3 

simplified equations (Table 8) for a range of values for 

each parameter. 

Table 8. Equations representing probability of Barred Owl 
presence ( O n )  as a function 9f canopy height 
(CANWT) and proportion of unforested land in a 
280 ha area (LCUT) by forest type. 

Forest type Equation 

Boreal conifer 

Deciduous mixed 

~ed/white pine 
mixed 

Barred Owls favoured taller canopies (Figure 

boreal conifers, owl probability exceeded 0.5 for 

heights > 24 m where the proportion unforested in 

4 ) .  For 

canopy 

280 ha 

was 0. 

Barred 

Otherwise, 

Owl. Where 

boreal conifers were not selected by 

the proportion unforested was 0.10, 

the 

deciduous mixedwood was selected for al1 canopy heights > 

15 m. With an unforested proportion of Z.75 ,  deciduous 

mixedwood was selected for canopy heights > 19 m. With an 
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unforested proportion of 0.75, a red or white pine stand 

within 300 m confered high probability of Barred Owl 

presence on any forested site with canopy height > 15 m. 

As the proportion unforested in 280 ha around a survey site 

increased £rom O to 0.75, Barred Owl presence probability 

decreased (Figure 5). For a 17 m stand in deciduous 

mixedwood-, owl probability dropped below 0.65 as the 

proportion unforested exceeded 0.5. For a 23 m stand in 

deciduous mixedwood, owl probability declined to 0.65 as 

the unforested proportion increased to 0.75- For a 23 m 

stand within 300 m of a red or white pine stand, owl 

probability was > 0.88 up to 0.75 unforested. 

Stem densitv 

Because TPERHA and TGT30 were measured only in 1994, 

they were not included in the regression analysis. However, 

because Barred Owl habitat selection could have been 

related to these variables, their relationship with forest 

type was explored. Black spruce sites had considerably more 

trees per ha than other forest types and red and white pine 

sites had the highest number of trees 230 cm dbh (Table 9). 



Heig hü 

Proportion unforested on 280 ha 

~ i g u r e  5. Barred Owl presence as a function of proportion unforested in 280 ha around 
survey location. 

forest type 

deciduous mix 

deciduous mix 

near PrlPw 



Table 9 .  Trees per 
category. 

and 

43 

trees 230 cm dbh 

MAJSP TPERHA TGT3 0 
trees /ha trees 230 cm dbh/ ha 

SB 2168 34.3 

POT-BW 1473 78.4 

Loaistic rearession model ~erformance 

The probability of the observed data given the 

estimated coefficients is called the likelihood. A 

customary measure of logistic model fit is -2 times the log 

of the likelihood (-2LL)(Norusis 1989). For the equation 

containing only the constant, -2LL was 202.69. For the 

final equation with the constant and other parameters 

(Table 7), -2LL was 98.24, df = 145, p = 0.999. The 

decrease in -2LL indicated that including the other 

parameters improved fit relative to the equation containing 

only the constant. The rnodel chi-square, a test of whether 

the coefficients for al1 the parameters, except the 

constant, are 0, was 104.45, df = 4, p < 0.001. 

Classification accuracy is determined as the 

percentage of sites that are predicted correctly by the 

model. Overall classification accuracy of the final rnodel 

on the 1993 data was 87.3 %, with 86.7 % for non-selected 



44 

sites and 8 7 -  6 % fox selected sites (n = 150) . 
Test of loffistic rearession model 

To test the final modelfs generality (i.e. usefulness 

in describing Barred Owl occurrence in another area) it was 

applied to the 1994 data, which were collected at sites not 

used for model development. The overall classification 

accuracy-was 84.3 %, with 79.0 % for non-selected sites and 

94 - 0 % for selected sites (n = 89) . 
HABITAT MAP 

Translatincr rearession eauations to habitat m a p .  

The logistic regression equations led to the following 

conclusions regarding Barred Owl habitat selection: (1) 

boreal coniferous forest, alder, new clearcuts, shrubs and 

young trees were non-selected; (2) deciduous mixed, white 

pine and red pine forest was selected; (3) taller trees 

were selected, and (4) less fragmented forest was selected. 

Landcover rnap classes corresponding to vegetation 

types avoided by the Barred Owl were identified as thicket 

swamps, shrubs, young trees, dense conifer and conifer on 

bedrock. These were recoded to one class and entered into 

the process described in Appendix VI1 to create a map of 

good and poor habitat (Figure 6) . 



Figure 6 .  Barred Owl  hab i ta t  m a p .  
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Assessina habitat map with survev data 

The survey sites (Figure 7) coincided well with the 

mapped Barred Owl habitat classes (Table 10). Of the 43 owl 

selected sites, 28 were at least 75 % comprised of good 

habitat. Of 128 non-selected sites, 83 were at least 75 % 

cornprised of poor habitat. 



Figure 7 .  Survey sites superimposed on Barred O w l  habitat 
m a p .  











Table 1 0 .  Overlap between 280 ha areas around Barred 
Owl survey s i t e s  and mapped good and poor 
habitat classes. 

Survey site 
% of 280 ha area Selected by N o t  selected by 

around s i t e  B a r r e d  Owl Barred Owl 

50  - 1 0 0  % 
good habitat 

51 - 100 % 
poor habitat  



DISCUSSION 

HABITAT MAP 

The Barred Owl habitat map (Figure 6) performed 

at the landscape level by distinguishing large areas 

well 

where 

the Barred Owl would not occur £rom where it might occur, 

but did not distinguish between neighbouring selected and 

non-selected sites. It iç a simple presentation of the kind 

of geographically referenced habitat information necessary 

for ensuring a continuing supply of Barred Owl habitat 

across the landscape. 

The map demonçtrated that Barred Owl distribution can 

be explained in large part by broad forest type. Areas 

dominated by shrubs, young trees, thicket swamps, dense 

conifer and conifer on exposed bedrock were usually not 

selected. Some of what remained after areas comprised of 

these classes were accounted for was selected. In the 

southeast section of the rnap the largest clusters of 

selected sites were in the deciduous mixed forest around 

the eastern lakeç, and in the diverse mixture of forest 
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types west of Heron Lake. In the western section the 

selected sites were concentrated in a large belt of 

deciduous mixed f orest (Figure 7) . 
A noteworthy feature of the habitat rnap is that a 

substantial proportion of the land cover rnap was identified 

as goodhabitat, in which many non-selected sites occurred 

(Table 10). One explanation for this is that the good 

habitat class might be too inclusive. The logistic 

regression identified canopy height as an important 

predictor of Barred Owl presence in combination with forest 

type. Much of the forested landscape that remained once 

non-selected areas were identified might not be ta11 

enough. Incorporating height, available on FR1 rnaps, into 

the creation of habitat classes might have accounted for 

some of the non-selected sites located in good forest type. 

Other explanations for the non-selected sites in good 

habitat are that the Barred Owl population was below 

capacity or that owls were present but didn't respond. If 

the population or responsiveness to cal1 playback had been 

low, then some apparently non-selected sites might have 

been suitable or occupied. If this had been the case then 

the Barred Owlrs selection of some forest types rnight have 
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been underestimated, but the overall picture of suitable 

habitat would hold. For instance, that the Barred Owl 

encounter rate was higher in deciduous mixedwood than in 

coniferous forest would suggest that deciduous mixedwood is 

better habitat, regardless of the proportion of the 

potential population encountered. 

Scattered selected sites and half of those in the 

Heron Lake area occurred on poor habitat (Figure 7). As 

mentioned previously, some of these might have been 

explained if height had been considered in the habitat 

class creation. Others may have resulted from giving too 

much weight to the effect of unforested classes in mapping. 

While nearby ( s  300 m) red and white pine stands 

compensated for high levels of forest fragmentation, no 

distinction was made between recently disturbed forest near 

non-selected and highly selected types. 

The habitat mapts failure to classify some survey 

sites (Table 10) suggests that the regression equation 

could have been better translated into habitat classes- 

Canopy height would have been a useful addition to the 

mapping process, since it was an important Barred Owl 

presence predictor in the regression equation. Integrating 
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FR1 data with the land cover map would have enabled height 

to be included- Because it confers a very high probability 

of encountering the owl on neighbouring sites, 

incorporating proximity to red and white pine may have 

accounted for more selected sites. The forest fragmentation 

effect (Figure 5) was dealt with loosely by including 

recently disturbed land classes (shrubs and young trees) in 

non-selected classes, then by defining poor habitat as non- 

selected areas 2 280 ha. An approach which considered the 

impact of unforested areas on Barred Owl presence in the 

context of the other factors might have yielded a better 

habitat map. 

BARRED OWL HABITAT SELECTION 

The regression analyses reduced 9 potential predictors 

of Barred Owl presence to 3; forest type, canopy height and 

the proportion unforested in 280 ha. Hardwood dominated 

forest and red and white pine mixedwoods were selected by 

the Barred Owl in the study area while boreal coniferous 

forest was unused. Taller canopy trees and less fragmented 

forest were also selected. 

That these were the best explanatory variables for 

Barred O w l  presence doesnrt mean the owls necessarily used 
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them to assess habitat quality. The logistic mode1 is a 

statement of probability, not of cause. Forest type, height 

and fragmentation may have been associated with nest site 

availability, prey density or availability, cover, clear 

flight paths and suitable hunting perches. 

In New Jersey, Bosakowski et al. (1987) found Barred 

Owls assoeiated with mature ( > 30 cm dbh) stands of oak, 

northern hardwoods and hernlock. Shrubs, young forest, 

spruce, cedar, and areas with extensive clearings were 

avoided . 

Mazur and James (1995) found more mature (280 years) 

mixedwood on 700 ha circular buffers around Barred Owl 

locations than around survey locations in Saskatchewan. 

Mature and immature (50 to 79 years) mixedwood were used in 

greater proportion than their availability by 11 owls 

carrying radio-transmitters. Open areas, mature and young 

deciduous, and al1 age classes of coniferous forest were 

used less than expected based on availability (Mazur and 

James 1995). 

Nicholls and Warner (1972) used about 27,000 radio- 

telemetry locations over 18 months £rom 9 Barred Owls near 

the University of Minnesotars Automatic Radio-tracking 



56 

Station for habitat use analysis. Preferred habitats were 

oak woods, mixed hardwoods, and conifers. Cedar swamps were 

used less than expected. Oak-savannas, alder swamps, 

marshes, and open fields were avoided. 

Elody and Sloan (1985) reported that 7 radio-tracked 

Barred 

maple . 

swarnp , 

Owls in Michigan preferred old-growth hemlock and 

Other cover types; marsh, aspen, pine, spruce, and 

were used in propotion to availability. 

In the literature, Barred Owl habitat is described as 

a mature assemblage of hardwood and coniferous species that 

attain large diameters. Regional variations on this theme 

include oak-pine mixedwoods in Minnesota (Nicholls and 

Warner 1972), hemlock-maple mixedwoods in Michigan (Elody 

and Sloan 1985), hemlock-northern hardwoods in New Jersey 

(Bosakowski et al. 1987), mixed oak in southwestern 

Virginia (McGarigal and Fraser 1984), and boreal mixedwood 

in Saskatchewan (Mazur and James 1995). The apparent 

preference observed in this study for deciduous mixedwood 

is consistent with the Barred Owl's associacion with 

mixedwoods of other regions. The strong association with 

red and white pine, observed 24 of 25 tirnes on selected 

sites, is notable in this respect. 



Nest sites 

Although they comprise a small percentage of the study 

area (3 .4 % )  , mature red and white pine stands may be 

important repositories of large diameter stems with 

cavities or broken tops suitable for nesting. Seven of ten 

nests Mazur and James (1995) located were cavities in trees 

with an average 54.5 cm dbh ( 37 .8  to 74.5 cm dbh). Devereux 

and Mosher (1984) found 8 nest trees £rom 42 to 88 cm dbh, 

more trees > 50 cm dbh, and fewer trees c 26 cm dbh at nest 

sites than at random plots. They offered 25 cm dbh as a 

minimum for nest trees. Allen (1987) suggested that 251 cm 

dbh as the best size range for Barred Owl nest trees. 

With more trees > 30 cm dbh (Table 91, white and red 

pine mixedwood would be more likely to have Barred O w l -  

sized cavities than forest types of smaller girth. Because 

it takes longer for decay to destabilize them, large snags 

last longer (Cline et al. 1980). Being tall, white and red 

pine are susceptible to lightning, which breaks tops and 

limbs and compromises the treefs bark barrier to pathogens. 

Six of eight nests discovered by Devereux and Mosher (1984) 

were in the tops of hollow tree stubs. Mazur and James 

(1995) found 5 of their 10 nests in broken tree tops. The 
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one nest discovered in this study was in the top of a 50 cm 

dbh white pine snag. 

The Barred Owl probably selects habitat in part for 

its potential nest sites. Deciduous species are generally 

more likely to develop decay cavities than conifers (Hunter 

1990). Tall, large diameter trembling aspen would therefore 

offer more suitable cavities from decay than jack pine of 

similar size. Mature red and white pine stands are probably 

rich sources of suitable cavities. Because they are ta11 

and long-lived they are likely to sustain damage. Because 

they attain large diameters, they will persist longer as 

snags than smaller trees, and cavities they develop can 

become large enough for the Barred Owl. 

Cov_er 

Barred Owls may select forest on the basis of 

available cover and perches. They seem to prefer to fly 

with cover, typically flying below the canopy rather than 

above it where there is more maneuvering room. When 

traversing large open areas they often fly quite low 

(personal observation), possibly to avoid revealing 

themselves against the horizon. 

In summer, deciduous trees would offer good canopy 
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coverage. Coniferous trees with tall, sturdily branched and 

thick crowns would provide protection £rom predators or 

rnobbing by other birds (Elody 1983). While jack pine 

develops a long full crown when open grown, in rnainly 

coniferous even-aged stands its crown is short, compact and 

offers relatively little canopy coverage or concealed 

roosting sites. Black spruce offers little canopy coverage. 

Deciduous and pine mixedwoods would provide a greater 

assortment of cover types than would boreal conifers. 

Stem densitv 

Stem density is likely another habitat quality 

determinant. Elody and Sloan (1985) proposed that old 

growth pine was preferred because it offered clear flight 

paths. Nicholls and Warner (1972) suggested that the owls 

avoided cedar swamps and alder because maneuvering and 

seeing prey would be difficult in thick foliage and high 

stem density. 

Stem density was lowest in red and white pine forest 

(Table 9) in the study area. Because taIl shrubs b 1 . 3  m) 

often contributed to a large stem tally on trembling aspen 

and white birch sites (Table 9), stem density of canopy 

trees was likely considerably lower. Where black spruce 
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sites were shrub rich, most were shorter than the tally 

height (1.3 m) and recorded stem densities thus apply to 

the tree layer. On average, jack pine sites were of 

intermediate density (Table 9) and black spruce sites were 

most dense. While not measured, alder thickets and 

overgrown clearcuts were also likely too dense for Barred 

Owls to use. 

Perches 

Cover and large branches might be important for 

fledglings. Roughly 2 weeks before they can fly, young 

Barred Owls leave the nest and the adults urge them to 

climb to large horizontal branches in the lower portion of 

the canopy (Dunstan and Sample 1972). Trees with open and 

sturdy branching have been suggested as critical features 

of a Barred Owlfs habitat because it hunts by watching from 

perches (Dunstan and Sample 1972). Nicholls and Warner 

(1972) attributed the owl's preference for oak and 

mixedwoods to an abundance of perches. 

Trembling aspen, white pine, red pine mixedwood, and 

jack pine mixedwood appeared to have more available perches 

than other vegetation types in the study area. Trembling 

aspen or white birch usually accornpanied the dominant 
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species in the canopy layer, augmenting perching 

opportunities by contributing to a variety of forms and 

branching habits. Trembling aspen and white pine appeared 

to be exceptional perch trees, with tall, full and robustly 

branched crowns. All but red pine mixedwood were typically 

layered, with white birch, balsam fir (Abies balsamea) and 

red maple (Acer rubrum) constituting the shorter tree 

layer - 
By contrast, mainly coniferous jack pine and black 

spruce stands were perch poor. The black spruce crown is 

typically narrow and finely branched. In dense, even-height 

stands jack pine tends to 'self-prune' as lower branches 

succumb to light cornpetition, leaving a short compact 

crown . 

Forest types selected by Barred Owls in the study area 

were typically more vertically complex than non-selected 

types. A well stratified forest probably benefits the 

Barred Owl by providing a wealth of daytime roosts, cover 

for fledglings and hunting perches. 



Prev availabilitv 

The number of prey available to the Barred Owl is a 

function of prey population, hunting perches and forest 

floor conditions which can hinder or help the owl to hear, 

see and catch the prey. The Barred O w l  preys primarily on 

small mammals, but it also takes amphibians, fish, birds, 

and invertebrates (Bent 1961, Elderkin 1981, Devereux and 

Mosher 1984, Johnsgard 1988, Bosakowski and Smith 1992). 

The reliability of absolute prey numbers as an indicator of 

habitat quality would depend on the owl's hunting success 

i n  that environment. Nicholls and Warner (1972) observed 

that while prey were abundant in oak-savanna and open 

fields, they were unavailable to the Barred Owl probably 

because of the lack of cover and hunting perches. They 

suggested the clear understorey, abundance of perches and 

dry leaf litter i n  upland oak and mixedwoods were ideal 

hunting conditions. 

Lowland boreal coniferous sites may be non-selected 

both because their structural characteristics are 

unsuitable for hunting and prey density is generally lower 

than in upland sites. Nagorsen and Peterson (1981) found 

small mammals to be more abundant in upland mixed forest 
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than in lowland conifer sites. The lack of vertical 

layering in some even-aged coniferous stands rnay lirnit bird 

diversity and density (Dickson and Segelquist 1979). Jones 

and Naylor (1994) found small mamrnals to be slightly more 

abundant in old growth white pine and boreal mixedwood than 

in lowland conifer- 

While the dense ta11 shrub layer typical of aspen 

forests might interfere with hunting ground-dwelling prey 

(Mazur and James 1995), other characteristics rnay increase 

hunting success on the ground. Dry leaf litter on upland 

mixedwood and deciduous sites is likely superior for prey 

detection to the damp moss carpeting lowland coniferous 

sites. Crucial habitat for many small animals (Thomas 

1979), downed wood was abundant and diverse on deciduous 

and red and white pine mixedwood sites. Barred Owl selected 

sites in the study area were often a jungle of white birch 

or trembling aspen logs and balsam fir slash. Abundant 

downed wood, while offering cover for prey, might boost 

Barred Owl hunting success by supporting a large prey 

population. 
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Barred Owl habitat selection: summary 

Mature upland rnixedwoods offer the Barred Owl an 

optimal combination of nesting, prey abundance and hunting 

conditions. Mature and old red pine, white pine and 

deciduous trees likley offer more suitable cavities than 

boreal coriifers. The high number and variety of perches, 

diverse and abundant prey, and dry leaf litter likely 

increase hunting success. A dense shrub layer may impede 

catching ground-dwelling prey, while a moderate shrub cover 

probably supports a diverse and abundant small animal 

population. 

CALL PLAYBACK METHOD 

To deduce habitat selection £ r o m  owl locations 

determined by call playback survey, one assumes that the 

survey technique is effective. Conspecific calls are 

supposed to elicit a vocal and sometimes physically 

aggressive territorial response £rom a resident owl (Fuller 

and Mosher 1987). 

The Barred Owl has been said to respond sluggishly to 

call broadcasts (McGarigal and Fraser 1985, Shepherd 1992). 

While over half of contacts were within the first 3 min., 

responses accumulated steadily from 3 to 10 min. after the 
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call broadcast began (Figure 2). A substantial proportion 

of owls responded at or after 10 min, (Figure 3) . Yet, of 

the 13 owls detected after the sampling period, 9 were 

apparently mates of previously detected owls. This suggests 

that while a longer period might have detected more pairs, 

habitat use conclusions would have been similar- The 10 

minute survey period was therefore a good compromise 

between detecting owls and covering a larger area. 

Using responses to call playback surveys to identify 

selected habitat assumes that the Barred Owl responds only 

to calls within its territory. If they often flew to sites 

not otherwise used in order to respond to call broadcasts, 

poor habitat might erroneously be identified as good. It is 

reasonable to assume a defended territory is the best that 

an owl can acquire. It follows that the most conspicuous 

responses to another Barred Owlrs invasion should occur in 

good habitat because highly used sites would be more likely 

occupied at the time of the survey, a response would corne 

more quickly £rom the nearby inhabitant and the owl might 

more aggressively investigate the tape recording. Since 

over half  of responses were within 3 min. and r 95 % of 

selected sites still had respondents when a route was re- 
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run in the same or following year (Tables 4 and 5 ) ,  the 

assumption that most responses occurred in selected habitat 

is reasonable. Since their home ranges in the boreal forest 

are large (Mazur and James 1995) and they are reported to 

be highly territorial (Bent 1961, Nicholls and Fuller 

1987), Barred Owls probably do not stray £ r o m  their 

territories to investigate others on poorer sites. 

Locations determined by call playback survey, therefore, 

are likely adequate to identify Barred Owl habitat 

selection. 

The corollary to the first assumption is that no 

response means that no owl is present. The Barred Owl is 

thought to respond best to call broadcasts in early spring. 

Most surveys in the United States have begun in February or 

early March (Devereux and Mosher 1984, McGarigal and Fraser 

1984, Bosakowski et al. 1987, Mosher et al. 1990). Shepherd 

(1992) suggested surveying in late Febniary and early 

March, during pre-breeding behaviour (Dunstan and Sample 

1972). Survey dates for this study (June to mid August 

1993, mid-May to June 1994) were late relative to other 

Barred Owl surveys. If responsiveness were lower due to the 

late survey timing, some of the apparently unoccupied sites 
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classified as good habitat by the map may in fact have been 

occupied by unresponsive owls. 

In central Ontario, Francis and Czerwinski (1995) 

suggested that responses to call playback compensate for 

Barred Owls calling spontaneously less in April than in 

March. While the Barred Owl rnay be less spontaneously vocal 

in summer, they would be expected to respond to a simulated 

encroachment on breeding habitat. However, responses from 

radio-tagged owls have been observed to drop off rapidly 

after the spring (James, persona1 communication). 

If feeding young or a seasonal variation in vocal 

behaviour affected the usefulness of the call playback 

method in summer, then a change in response behaviour 

should have been observed. McGarigal and Fraser (1985) 

reported that 55 % of owls flew in before calling, 30 % 

called only from a distance and 12.5 % flew in while 

calling. Smith (1978) reported that 47 % of owls flew to 

the site before calling and 12 % called £ r o m  a distance 

first. In this study, typical behaviour was to call £or the 

first time within about 100 m of the survey site (44 % ) ,  to 

call from a distance without approaching (35 % )  or to call 

before or during an approach (19 % ) .  Response behaviour 
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was, therefore, consistent with that reported in springtime 

surveys . 
If responsiveness were lower in surnmer, the general 

understanding of habitat selection would be unaffected. 

Since there is no reason to suspect that Barred Owls would 

be less vocal in better habitat, the higher contact rate in 

mixed hardwood forest likely reflected that it was sefected 

more often. Rare forest types selected by the Barred Owl 

might not be detected if responsiveness were low. Since the 

rarest forested class on the surveyed areas, red and white 

pine rnixedwood (3.22 % ) ,  was clearly selected by the Barred 

Owl, this was apparently not a problem. 

Although the cal1 playback survey was performed later 

than recommended, response behaviour was normal, prompt and 

reliable. Locating the owls by this method was therefore an 

e£fective way to obtain a general understanding of Barred 

Owl habitat seleceion. 



CONCLUSION 

This study documented that the Barred Owl in 

Northwestern Ontario is strongly associated with white 

pine, red pine and trembling aspen dominated mixedwoods. 

Boreal conifers, shrubs and young trees appear to be 

avoided. Taller and less fragmented forests are more 

frequently selected by the Barred Owl. 

Its association with white pine, red pine and 

deciduous mixedwood in Northwestern Ontario means that the 

Barred Owl might be susceptible to the loss of good habitat 

through traditional forest management. White pine and red 

pine are rare relative to other tree species and stands are 

typically small, yet they are strongly associated with 

Barred Owl presence. If srna11 pockets of mature white and 

red pine are important repositories of nest cavities, their 

loss could lirnit Barred Owl distribution. Converting 

deciduous mixedwood to conifer plantations would also 

reduce the amount of suitable habitat available. Because 

the Barred Owl avoids early successional stages, truncating 



the natural age distribution of the forest would further 

limit its potential habitat. 

A Barred Owl habitat map for the study area was 

obtained by redefining forest classes derived from 

satellite imagery into good and poor habitat classes 

(Figure 6). The map performed well at the landscape level, 

distinguishing large areas where the Barred Owl was likely 

to occur from areas where it was rare- 

While it is a highly simplified representation of 

Barred Owl habitat, this map is an example of the kind of 

information required for landscape level forest management. 

It employs forest information £rom an affordable and easily 

updated source (satellite imagery) and can be integrated 

with other digitized geographic information in a GIS 

environment. Characterizing forest wildli£e habitat in 

terms of widely available digital data in a GIS makes large 

scale habitat supply assessments and forecasts feasible. 

Because it requires large home ranges with mature 

deciduous, red pine anCi white pine mixedwoods for nest 

sites and hunting success, the Barred Owlrs needs conflict 

with traditional forest harvesting. Ensuring a continuing 

adequate supply of suitable habitat in Northwestern Ontario 
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will require foresight and planning at the spatial scale of 

landscapes and the tirne scale of ecological succession. 

RESEARCH RECOMMENDATIONS 

Locating owls by cal1 playback suwey is a good way to 

determine general habitat selection trends over a large 

area, but yields no information about how much area is 

required and how it is used. Effective habitat management 

requires an understanding of the relationship between 

habitat quality and area requirements. For example, while 

an average annual home range in an area might be 500 ha, a 

Barred Owl might require 1000 ha of jack pine rnixedwood or 

250 ha of mature aspen and white pine mixedwood. 

Radio-tracking Barred Owls in Northwestern Ontario 

would yield valuable understanding of their use of various 

forest types, home range, choice of nest sites and 

reproductive success. Examining these aspects of Barred Owl 

habitat requirements in conjunction with FR1 and satellite- 

image derived forest data in a GIS would facilitate 

integrating them with large-scale and long-term forest 

planning. 
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APPENDIX III 

SAMPLE OWL SURVEYNOTES 



APPENDIX IV 

EXAMPLES OF VEGETATION SAMPLE PLOT 
DATA TEMPLATES AND FIELD NOTES 

1993 DATA TEMPLATE 

DATE : 

Rom : 
SITE : 

RECORD : 

1. FEC V-TYPE 

2. Canopy height 

3. Subcanopy height 

4. ~ r i s m  sweep 

% Cover . . . 
5. Sub-canopy 

6. Shrub 

7. Ground vegetation 

8. Downwood 

1. OPEN 
4.  41 - 60 

BEARINGS TO PLOTS? 

OWL PRESENT/ABSENT? 
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EXAMPLE OF 1993 VEGETATION PLOT FIELD NOTES 
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1994 VEGETATION PLOT DATA TE3lPLATE 

DATE : 

ROAD : 

SITE : 

BEARINGS TO PLOTS? 

OWL PRESENT/ABSENT? 

10 X 10 m PLOT 

FEC V-TYPE 

CANOPY STRUCTURE/HEIGHTS 

SHRUB COVER, LITTER, MOSS AND DOWN WOOD 

MODIFIED POINT SAMPLE 

t a l l y  by species and snags by species and type; 

2 = DYING 

3 = DEAD 

4 = LOOSE BARK 

5 = CLEAN 

7 = SOFT DECOMPOSED 2 70 % 
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EXAMPLE OF 1994 VEGETATION PLOT NOTES 

Modified Point Sample Tally Sheet 

Crew names: 
Location : 
Stand number: 
Point nurnber: 
Prism BAF rnAZiha): 
Working Group Species: 



DERIVATION OF FOREST FRAGMENTATION 
VARIABLES FROM LAND COVER MAP 

LCUT = proportion unforested on 280 ha around survey site 

SCUT = proportion unforested on 2 ha around survey site - 

~alculation of ~ronortion unforested 

LANDSAT TM DERIVED 
LAND COVER MAP CLASSES 

Emergent marsh 
Open wetlands 
Thicket swamps 
Conifer wetland 
Herbs and shrubs .................... 
Shrubs and young trees 
Young trees and shnbs Unforested land classes 
Deciduous trees..................... 
Mixedwood > 50% deciduous--- - - - - - - - -  
D e n s e  coni f er  
C o n i f e r  on exposed bedrock F o r e s t  land classes 
R e d  and white pine mixedwood-------- 

Proportion unforested = areas in classes . . . . .  



APPENDIX VI 

SAMPLE SPREADSHEET 
OF EiABITAT DATA 

I I I .  -- 



APPENDIX VI1 

METHOD FOR REDEFINING LAND COVER CLASSES 
INTO BARRED OWL HABITAT 

WITH ERDASO GIS MODELLLNG COMMANDS 

LANDSAT TM DERIVED 
LAND COVeR MAP CLASSES 

mergent marsh 
Open we t 1 ands 
Thicket sw-p*-------------------- > 
Conifer wetland 
Herbs and shrubç 
Shrubs and young trees------------ 7 

Young trees and shrubs------------ p 

Deciduous trees 
Mixedwood > 50% deciduous 
Dense conifer---------------------- 7 

Conifer on exposed bedrock-------- > 
Red and white pine mixedwood 

[RECODE] 
1 = non-selected (poor) 
O = selected (good) 

I 

[ SCAN1 
scan class 1 
ma j ority analysis 
circular window 

[c~mp]<<<<<------------------------------ r= 5 pixels 
clump class 1 majority threshold = 1 
connectivity r = 1 include zero input values 

CSIEVEl 
clumps of poor habitat class (1) 
min. clump size = 3500 pixels 

I 
[c~mp]---------------------------- >>>> [SIEVE] 
clump class O clumps of good habitat 
connectivity r = 1.5 min. clump size = 3500 pixels 

I 




