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Abstract
During the 2016 breeding season we monitored 169 nest boxes suitable for Boreal Owl (Aegolius funereus) and Northern 
Saw-whet Owl (Aegolius acadicus) in high-latitude (>55°N) boreal forests of northwestern Alberta affected by partial log-
ging. Despite the large number of boxes deployed, the number of boxes used by Boreal and Northern Saw-whet Owls was 
small. Boreal Owls used nest boxes (n = 4) in conifer-dominated stands with three being in uncut blocks and the other in 
a 50% green tree retention cut-block. In contrast, Northern Saw-whet Owls used boxes (n = 4) in a broader range of cover 
types, breeding in boxes placed in stands with at least 20% post-harvest tree retention. Although both species successfully 
bred in the same landscape, Boreal Owls produced fewer eggs (mean = 2.5) and raised fewer young (mean = 0.5) than 
Northern Saw-whet Owls (5 and 2.25, respectively). Furthermore, our observed Boreal Owl egg production was lower than 
has been found for the same species nesting in nest boxes in different regions or forest types. In contrast, breeding param-
eters of Northern Saw-whet Owls were similar to that found in nest boxes in the eastern boreal region of Canada and in the 
southern part of its range.
Key words: Nest boxes; breeding records; boreal forest; Boreal Owl; Northern Saw-whet Owl; clutch size; nesting success; 

partial logging

Introduction
Boreal Owl (Aegolius funereus) and Northern Saw- 

whet Owl (Aegolius acadicus) are obligate cavity  
nesters, occupying tree holes excavated by Pile ated 
Woodpecker (Dryocopus pileatus) and Northern 
Flicker (Colaptes auratus; Hayward et al. 1993; 
Johns gard 2002). Locating natural nest sites for study 
is difficult as these owls often breed in remote loca-
tions where lack of roads and deep snow conditions 
restrict access (Hayward et al. 1993; Korpimaki and 
Hakkarainen 2012). As a result, most breeding data 
come from nest box experiments (Hayward et al. 
1993; Lauff 2009; Korpimaki and Hakkarainen 2012) 
because boxes provide an efficient (Korpimaki and 
Hakkarainen 2012) and cost effective (Hayward et al. 
1992) method to document breeding, examine habi-
tat associations of nesting owls, and provide demo-
graphic data.

Forestry activities that reduce cavity availability 

(Hayward 1997; Korpimaki and Hakkarainen 2012) 
or eliminate large trees from forest stands (Lopez et 
al. 2010) have been identified as risks to Boreal Owl 
populations. It is likely that Northern Saw-whet Owls, 
which have similar nesting habitats, are similarly im-
pacted by logging. More than 35% of the Canadian 
boreal forest is now managed for forestry resulting in 
younger trees across the region (Gauthier et al. 2015). 
However, there is a trend to replace traditional clear-
cutting with management techniques that aim to main-
tain some old growth forest and to create features of 
older stands earlier in succession (Burton et al. 1999; 
Lindenmayer et al. 2006; Thorpe and Thomas 2007; 
Etheridge and Kayahara 2013; Fedrowitz et al. 2014).

Green tree retention forestry creates a landscape 
mosaic of old and young forest patches and leaves 
mature trees after harvest which may preserve cav-
ity nesting communities (Woodley et al. 2006; Cooke 
and Hannon 2011), including cavity nesting owls 
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(Hayward 1997). But, it is not clear what levels of re-
tention (Lance and Phinney 2001) are most effective 
for owl conservation or what structures should be re-
tained (Thorpe and Thomas 2007; Cooke and Hannon 
2011; Straus et al. 2011). Density of primary cavity 
excavators is reduced in partially harvested stands 
(Straus et al. 2011), resulting in lower cavity density 
and inherently higher competition among secondary 
cavity nesters (Bonar 2000). As both Boreal Owls and 
Saw-whet Owls readily accept nest boxes, these arti-
ficial cavities could provide additional nesting oppor-
tunities in logged areas.

The northern boundary of the Northern Saw-whet 
Owl’s breeding range is unclear (Buidin et al. 2006), 
and although the Canadian boreal forest represents a 
considerable part of the ranges of both species, there 
is little information concerning their population sta-
tus and breeding ecology. We present results of a nest 
box experiment initiated to evaluate the responses 
of Boreal Owl and Northern Saw-whet Owl to var-
iable retention forestry in the western boreal region 
of Alberta. Our specific objectives were to document 
owl breeding across three different forest types and a 
range of retention levels, to describe breeding habitat, 
and to compare reproductive success of owls breed-
ing in partially logged stands with those from other 
forest types.

Methods
We conducted our study in the Clear Hills region 

of Alberta, Canada, an area of ~900 km2, ranging 
in elevation from 470 to 920 m above sea level, in-
cluding the land base of the Ecosystem Management 
Emulating Natural Disturbance (EMEND) Project 
located 90 km northwest of Peace River, Alberta 
(56.7703°N, 118.374°W). This predominantly for-
ested region was historically shaped by fire (Work 
et al. 2004; Bergeron 2012), but the intensification 
of logging and oil and gas exploration has become 
a key driver of forest dynamics. The upland mixed 
wood landscape is comprised of deciduous hardwood 
patches dominated by Trembling Aspen (Populus 
tre muloides Michaux) and Balsam Poplar (Populus 
bal samifera L.), interspersed with conifer patches 
that are predominantly White Spruce (Picea glauca 
(Moench) Voss). Forests on poorly drained sites con-
tain open and closed canopies of Black Spruce (Picea 
mariana (Miller) Britton) and Tamarack (Larix la-
ricina (Du Roi) K. Koch).

The forest of the EMEND experiment (description 
of the complete design is available from Spence et al. 
1999; Work et al. 2010) is a patchwork of four main 
cover types: conifer-dominated (CD, conifers >70% 
of the canopy), deciduous-dominated (DD, conifers 
<30% of the canopy), deciduous-dominated with co-

nifer understorey (DU), and mixed (MX, relative 
equal composition of conifer and deciduous trees). 
Compartments of ~10 ha of each cover type were sub-
jected to various levels of forest harvesting in winter 
of 1998–1999. Trees were retained by operators ac-
cording to prescription and independent of size, sta-
tus, and species. During August–October 2015 we 
placed nest boxes in compartments with 20%, 50%, 
and 75% retention as well as unharvested compart-
ments in three cover types (CD, DD, and MX). A 20% 
retention means that 20% of the trees in a 10 ha com-
partment were not cut down. Additional boxes were 
placed in unharvested CD, DD, and MX stands out-
side EMEND that were at least 10 ha in size, and in 
residual trees found in recent (1–5 years) clear-cuts. 
Boxes were not evenly distributed on the landscape 
but rather along existing roads and trails to facilitate 
access. Not all forest cover types were equally avail-
able for box placement as many deciduous dominated 
stands had been previously harvested and the regen-
erating trees (5–15 years old) were too dense and too 
small to support boxes.

Nest boxes were built of 2 cm thick rough-cut 
spruce boards, with an entrance hole of 79 mm, fol-
lowing a box design described by Korpimaki (1985). 
The bottom 10 cm of each box was filled with aspen 
chips and shavings to provide insulation and prevent 
egg breakage. In the field, boxes were hung on live or 
dead trees at an average height of 5.2 m (range: 2.7–
6.2 m), using a sectional Swedish tree climbing lad-
der (Forestry Suppliers Inc., Jackson, Massachusetts, 
USA). We did not follow any pattern for box orienta-
tion (although orientation was recorded) but ensured 
that there was a small opening through the vegetation 
in front of the box to allow a direct flight path to the 
entrance hole. Two boxes were placed in the three dif-
ferent cover types in the selected 36 EMEND com-
partments including both harvested and unharvested 
sites, with boxes set no closer than 200 m (range: 
204–647 m) to each other. The average distance be-
tween the nest boxes placed outside EMEND was 
1274 m (568–2968 m).
Nesting habitat

We monitored 169 nest boxes suitable for both 
Boreal Owl and Northern Saw-whet Owl at EMEND 
(72 boxes) or in the surrounding landscape (97 boxes) 
during the 2016 breeding season. Landscape char-
acteristics at each nest box were tabulated using 
ArcMap 10.2.2 (2011 ArcGIS Desktop: Release 10, 
Environmental Systems Research Institute, Redlands, 
California, USA) at two scales: 1) nest site (NS, 
3.14 ha or 100 m radius circle centred on the nest 
box) and 2) home range (HR, ~100 ha or 564 m ra-
dius circle centred on the nest box).We considered 
the NS scale was an adequate area to describe hab-
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itat associations in the immediate vicinity of poten-
tial nest sites of owls while maintaining the spatial 
separation between two neighbouring boxes. Hinam 
and Cassady St. Clair (2008) reported average home 
range size of Northern Saw-whet Owls in Alberta as 
89.4 ha (range: 11.7–137.0 ha), which is about half 
the area of Boreal Owl home ranges in Fennoscandia 
(50–230 ha; Korpimaki and Hakkarainen 2012). Our 
choice of the HR scale certainly includes the core area 
for most owls and provides information about breed-
ing habitat across a wider area. Tabulated character-
istics included percent composition of the three dom-
inant cover types and percent shrub land, grassland, 
and agricultural land from the Alberta Biodiversity 
Monitoring Institute Wall-to-wall Vegetation Layer 
(Alberta Biodiversity Monitoring Institute 2010). We 
checked every box at least twice during April–June. 
Initial visits consisted of a quick glance into the box, 
using a home-made observation device assembled 
from an extendable pole, wireless inspection camera 
(Gardner Bender Wi-Fi inspection Camera, Gardner 
Bender, Menomonee Falls, Wisconsin, USA), and a 
cell phone (connected to the inspection camera using 
the Gardner Bender WiFi Tool app). Occupant spe-
cies, eggs, cached prey, or any other signs of occu-
pancy (e.g., feathers, additional nest material) were 
noted and future check dates were scheduled based 
on the initial findings. Checks were scheduled to doc-
ument each stage of breeding: number of eggs, hatch-
ing success, and fledging success. If a nest was found 
with a completed clutch, it was checked two more 
times: about a week after the estimated hatch time 
and around the estimated fledge time. All boxes were 
also cleaned in August–September when fledging was 
confirmed.
Reproductive success

Boxes occupied by owls were monitored until the 
clutch failed or nestlings were at fledgling age (28–30 
days old). Reproductive success was measured as: (1) 
nesting effort (number of eggs laid), (2) hatching suc-
cess (% of eggs hatched), and (3) fledging success (% 
nestlings reaching 28–30 days). The time of nest ini-
tiation was calculated based on a two-day egg laying 
interval (Korpimaki 1981).

Results
Nesting habitat

During the 2016 breeding season, 64 (39%) of 
164 nest boxes available for study were used; of the 
169 boxes placed, one was destroyed because of for-
est harvesting, and four boxes could not be accessed 
after beavers flooded the access trail. Other species 
were found using the nest boxes (Table 1) but 10 
boxes (6%) were used by owls: four by Boreal Owls, 
four by Northern Saw-whet Owls, and two where the 

owl species could not be identified. In these latter two 
cases, the nest boxes contained cached prey, but no 
owls were detected and there was no sign of laid eggs 
or hatched young.

The two owl species used the available cover 
types differently. Boreal Owls used boxes in conifer 
patches only (n = 4; three in unharvested areas and 
one nest box in a cutblock with 50% tree retention), 
while Northern Saw-whet Owls used the deciduous 
dominated (n = 2) and mixed (n = 2) cover types. For 
Boreal Owls, conifer cover was high at both scales 
(NS = 90.2 ± 9.7, HR = 80.1 ± 9.1) and included low 
levels of mixed forest only at the HR scale (5.7 ± 1.5). 
Northern Saw-whet Owls nests were in predomi-
nantly deciduous cover (93.4 ± 6.4, n = 4) at NS scale, 
although the mixed component cover increased (25.3 
± 10.9, n = 4) at the HR scale. Neither of the species 
used boxes placed in clear-cuts. Northern Saw-whet 
Owls did not nest in unharvested forests, occupying 
one box placed in the 50% tree retention compart-
ment, one in 75%, and two in harvested patches with 
20% tree retention.
Reproductive success

Both species successfully bred in a boreal land-
scape affected by partial harvesting, however breed-
ing phenology of Northern Saw-whet Owls was dif-
ferent from that of Boreal Owls (Table 2). The earliest 
nest initiation for Boreal Owl was 10 April and the lat-
est clutch was started on 31 May. Northern Saw-whet 
Owls started breeding one month later than Boreal 
Owls, with the earliest clutch initiated on 10 May and 
the latest on 15 June. Two Boreal Owl nests failed be-

Table 1. Nest box occupancy during the 2016 breeding sea-
son at Clear Hills, Alberta. A nest box was marked used 
if presence of species, or any sign of usage (e.g., cached 
prey, eggs, feathers) was detected inside the box. Identity of 
users remained unknown when animal presence was never 
detected at the box, but signs indicated clear use by either 
group (owls or squirrels).

Nest box occupancy Number of 
boxes (%)

American Kestrel (Falco sparverius) 2 (1.2)
Boreal Owl (Aegolius funereus) 4 (2.4)
Northern Flicker (Colaptes auratus) 5 (3.0)
Northern Flying Squirrel (Glaucomys 
sabrinus) 3 (1.8)

Northern Saw-whet Owl (Aegolius acadicus) 4 (2.4)
Red Squirrel (Tamiasciurus hudsonicus) 36 (22.0)
Unknown owl (Aegolius sp.) 2 (1.2)
Unknown squirrel 8 (4.9)
Empty boxes 100 (61.0)

Total 164



128 The Canadian Field-Naturalist Vol. 134

fore clutch completion. The first nest contained two 
eggs and three cached prey items on 17 May; the eggs 
did not hatch. The second nest was started on 31 May 
and the female laid two eggs but on 2 July the nest 
box was empty. Northern Saw-whet Owls breeding in 
the ~900 km2 boreal mixed-wood landscape produced 
more eggs (mean = 5; range: 4–6) than Boreal Owls 
(mean = 2.5; range: 2–3), and had also a higher hatch-
ing success (85%) than Boreal Owls (50%). Boreal 
Owls raised only 0.5 fledglings/nest while Northern 
Saw-whet Owls were more successful, producing 
2.25 fledglings/nest. Boreal Owl young were ready to 
fledge on 28 June, while all Northern Saw-whet Owl 
nestlings were close to fledging on 10 August.

Discussion
Nesting habitat and retention forestry

Boreal Owl nest box occupancy (2.4%) in our 
partially harvested landscape was lower than in the 
highly managed boreal forests of Finland (15%; Kor-
pi maki and Hakkarainen 2012), or China, where oc-
cupancy varied between 6–10% over five years for 
boxes placed in selectively logged forests lacking 
large trees (Fang et al. 2009). However, occupancy 
at our study site is comparable to that observed in un-
cut forests of the Northern Rocky Mountains, USA 
(1.7%; Hayward et al. 1993) and Yukon, Canada (1%; 
Mossop 1997).

Northern Saw-whet Owls also nested in four boxes 
(2.4%) at EMEND; and although Buidin et al. (2006) 
reported range expansion for this species in eastern 
Canada north of 50°N, we are unaware of any other 
studies that documented breeding at a similar latitude 
as ours. The low occupancy is consistent with find-
ings reported at their northern breeding limit in the 
boreal forests of Quebec, Canada (2.5%; Buidin et al. 
2006). In contrast, Saw-whet Owls occupied higher 
proportions of available boxes in the southern part of 
their breeding range: 3–36% at a hybrid poplar plan-
tation in north-central Oregon, USA (Moser 2002; 
Marks et al. 2015), and 15% at the Custer National 

Forest in South Dakota, USA (Drilling 2013). Given 
the sparse data from the northern limits of the breed-
ing range, it is not clear whether the difference in oc-
cupancy rates is due to lower owl densities in the 
north, cyclical changes in population size, or the rel-
ative availability of cavities in these different forest 
types found further south.

Our study shows for the first time that the breeding 
ranges of Boreal Owl and Northern Saw-whet Owl 
overlap in northwestern Alberta at >55°N. Northern 
Saw-whet Owls nested in relative proximity to con-
specifics, with the minimum distance of 659 m be-
tween two occupied nest boxes. Similar results were 
obtained in the commercial poplar plantations in 
Oregon, where owls nested within 0.5–1.2 km of nest 
boxes occupied by conspecifics (Marks et al. 2015). 
In contrast, early nesting Boreal Owls at EMEND oc-
cupied boxes 11.4 km apart. However, a second clutch 
was initiated (potentially by the same female) only 
330 m from a nest box that contained three Boreal 
Owl nestlings. It is probable that some home ranges 
overlapped within species, although substantial local 
overlap between these two species seems unlikely as 
the minimum distance between occupied nest boxes 
of a Boreal and a Northern Saw-whet Owl was 2770 
m. Lane and McKeown (1991) reported aggressive 
interactions of Boreal Owl and Northern Saw-whet 
Owls and suggested that limited cavities might be a 
source of interspecific competition; this avenue for 
future work should be explored.

The nest site choices observed here for Boreal Owls 
corroborates their use of old conifer forests, which 
has been well documented elsewhere (Hayward et al. 
1993; Korpimaki and Hakkarainen 2012). Low reten-
tion compartments lack the structural complexity of 
old forests. Stands with 20% green tree retention were 
at the time of our research 17 years post-harvest, and 
covered by dense aspen regeneration, with only a few 
trees large enough to potentially host a natural cavity 
created by primary cavity excavators. The absence of 
Boreal Owls from low retention patches (i.e., patches 

Table 2. Breeding parameters at eight nest boxes where at least one egg had been laid for Boreal Owl (Aegolius funereus) 
and Northern Saw-whet Owl (Aegolius acadicus) at Clear Hills, Alberta, 2016.

Species Nest initiation date Fledging date Eggs laid Hatched young Fledglings
Boreal Owl 31 May n/a 2 0 0
Boreal Owl 2 May 28 June 3 2 2
Boreal Owl 10 April n/a 3 3 0
Boreal Owl n/a n/a 2 0 0
Northern Saw-whet Owl 12 June 10 August 5 4 3
Northern Saw-whet Owl 8 June 10 August 6 5 2
Northern Saw-whet Owl 15 June 10 August 4 4 4
Northern Saw-whet Owl 10 May n/a 5 4 0
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with more trees cut), even when nest boxes were pro-
vided, is consistent with suggestions that they key on 
forests with significant structural complexity not just 
nest sites (Hayward et al. 1993).

The pattern of nest box use by Northern Saw-whet 
Owls at our research site underscores their willing-
ness to breed in a broader range of forest types if cav-
ities are available (Moser 2002; Drilling 2013; Marks 
et al. 2015). Nesting of Northern Saw-whet Owls in 
younger stands could be explained by their higher 
maneuverability and lighter wing loading than Boreal 
Owls, allowing them to hunt in dense vegetation 
(Hayward and Garton 1988).

Variable retention forestry that creates a mosaic 
of stands of different cover types and structural com-
plexity, including uncut patches that resemble old for-
ests, seems capable of providing nesting habitat for 
cavity nesting owls—if nest sites are available. Our 
findings complement those of other studies show-
ing that on logged landscapes at least 30% retention, 
with some patches at least 10 ha in size, is needed 
to maintain most cavity users associated with old bo-
real forests (Cooke and Hannon 2011). However, our 
nest box data suggest that further examining how 
these species react to disturbance by partial logging 
is warranted.
Timing of nesting

Timing of nest initiation (10 April–31 May) for 
Boreal Owls at our study site is comparable to laying 
dates at Chamberlain Basin, Idaho, USA (12 April–24 
May; Hayward et al. 1993). However, they started 
breeding earlier in both Nova Scotia, Canada (20 
March–1 June; Lauff 2009) and Finland (13 March–2 
May; Korpimaki and Hakkarainen 2012). The lat-
est clutch laid at EMEND was probably a replace-
ment nest, or a second clutch initiated by a polyan-
drous female (see Korpimaki and Hakkarainen 2012 
for criteria).

Timing of nest initiation (10 May–15 June) for 
Northern Saw-whet Owls breeding at EMEND was 
comparable to birds breeding in the Mignan Region, 
Quebec, Canada (nest initiation dates range from 
early-April to mid-June; Buidin et al. 2006). Nest 
initiation dates are seldom reported from Saw-whet 
Owl nest box experiments; however, birds breed-
ing in nest boxes placed in hybrid poplar plantation 
in Oregon started laying in early and mid-March (1 
March; Marks et al. 2015 and 16 March; McCullough 
and Conway 2017).
Nesting effort and success

Northern Saw-whet Owls in our study laid more 
eggs (mean = 5; range: 4–6; n = 4) than did conspecif-
ics in the boreal forests of Quebec (mean = 3.5, range: 
1–6; n = 9; Buidin et al. 2006). However, conspecif-

ics breeding in a young poplar plantation in Oregon 
(mean = 5.8, range: 5–7; Marks et al. 2015) and in the 
Custer National Forest, South Dakota, USA (mean = 
5.2 eggs/nest, range: 2–8; n = 136; Drilling 2013) laid 
more eggs than we observed.

Boreal Owl egg production (mean = 2.5; range: 
2–3; n = 4) was lower than reported from Nova Scotia 
(mean = 3.5, range: 3–4; n = 4; Lauff 2009) or cen-
tral Idaho (mean = 2.95, range: 2–4; n = 16; Hayward 
et al. 1993). Owls nesting in Alberta produced fewer 
eggs than did Finnish owls even in the poorest vole 
years (mean = 4.75, range: 4–5.4; Korpimaki and 
Hakkarainen 2012), although year to year variation of 
clutch size in Fennoscandia was high (mean = 5.71, 
range: 1–10; Korpimaki 1987).

Boreal Owls hatched only 50% of the eggs, less 
than birds breeding in spruce-fir forests affected by 
Spruce Budworm (Choristoneura fumiferana Cle-
mens) in Nova Scotia (85.5%; Lauff 2009) or Finnish 
owls breeding in highly managed boreal forests 
(86.7%; Korpimaki and Hakkarainen 2012). In con-
trast, Northern Saw-whet Owls hatched 85% of their 
eggs, comparable to averages found in a poplar plan-
tation in Oregon (83%; Moser 2002) but were less 
successful than owls breeding in nest boxes in Custer 
National Forest in northwestern South Dakota (96%; 
Drilling 2013).

Boreal Owls at EMEND fledged 0.5 young per 
nest and fledging success was 35%, lower than doc-
umented in both Nova Scotia (62%; Lauff 2009) and 
Finland (59%; Korpimaki and Hakkarainen 2012). 
Fledging success for Northern Saw-whet Owls was 
52.9% with 2.25 fledglings per nest, comparable to 
data from the northern limit of their breeding range 
in the Mignan Region, Quebec (mean = 2.8, range = 
1–6; Buidin et al. 2006). However, breeding owls at 
EMEND fledged fewer young than the nine-year av-
erage (3.4 fledgling/nest), but well within the range 
(0.4–4.1 young/nest) recorded for Northern Saw-whet 
Owls breeding in boxes placed in wooded ravines sur-
rounded by grasslands in northwestern South Dakota 
(Drilling 2013).
Conclusion

The network of nest boxes established at EMEND 
provides the starting point for long-term monitoring 
of these two small owl species. Our early findings 
suggest that uncut forest patches of sufficient size will 
be required to conserve populations of Boreal Owl 
on harvested landscapes. We recommend long-term 
monitoring of breeding populations of these cavity 
nesting owls in landscapes affected by partial logging 
as it is well documented that habitat alteration and 
low fledging success contributed to negative growth 
rates (−2.1 to −2.3% per year) of local Boreal Owl 
populations in Finland, where the species is now con-
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sidered near threatened (Korpimaki and Hakkarainen 
2012). We also know that reduction of old growth 
forest cover is a main factor affecting male survival 
and reproductive success for Boreal Owl (Laaksonen 
et al. 2004; Korpimaki and Hakkarainen 2012), and 
that reduction of forest patch size and increasing frag-
mentation decreases reproductive output for Northern 
Saw-whet Owls (Hinam and Cassady St. Clair 2008). 
We suggest continuous monitoring of the nest box 
network established at EMEND as this could support 
useful conclusions about the effectiveness of nest box 
provisions in partially logged forests in maintaining 
cavity nesting owl populations. Additionally, studies 
for both owl species should focus on landscape char-
acteristics that promote preservation of breeding pop-
ulations during post-harvest recovery of stands im-
pacted by variable retention logging.

Author Contributions
Conceptualization: Z.D. and J.R.S.; Methodology: 

Z.D. and E.M.B; Investigation: Z.D.; Formal Analysis: 
Z.D. and S.E.N.; Funding Acquisition: J.R.S. and 
Z.D.; Writing – Original Manuscript: Z.D.; Writing – 
Review & Editing: J.R.S., E.M.B., and S.E.N.

Acknowledgements
We are grateful to EMEND partners for provid-

ing financial and in-kind support for this project, and 
to the Natural Sciences and Engineering Research 
Council of Canada (NSERC) for providing fund-
ing a NSERC Discovery and NSERC CRD grant to 
J.R.S. Personal support for Z.D. was also provided 
by NSERC through a Canada Graduate Scholarship 
in support of his M.Sc. program. Logistical assis-
tance was provided by Amanda Hayden, while Megan 
O’Neill, Cari McGillivray, Colin Bergeron, Matthew 
Robinson, Silvia Ronzani, and Julien Appleby-
Millette helped with field work. Research was con-
ducted under the Alberta Research Permit #58306 and 
Collection License #58307 and received research eth-
ics approval from the University of Alberta Research 
Ethics Board, Project Name “Nesting preference of 
owls in managed boreal landscapes”, AUP00001335. 
We also thank the editors and anonymous review-
ers for providing useful suggestions to improve this 
manuscript.

Literature Cited
Alberta Biodiversity Monitoring Institute. 2010. ABMI 

Wall-to-wall Land Cover Map Version 2.1. Accessed 16 
December 2016. https://abmi.ca/home/data-analytics/
da-top/da-product-overview/Data-Archive/Land-
Cover.html.

Bergeron, C. 2012. Fire history, landscape biodiversity 
and indicators for sustainable management of the boreal 
mixedwood forest. Ph.D. thesis, University of Alberta, 
Edmonton, Alberta, Canada.

Bonar, R.L. 2000. Availability of pileated woodpecker 
cavities and use by other species. Journal of Wildlife 
Management 64: 52–59. https://doi.org/10.2307/3802974

Buidin, C., Y. Rochepault, M. Savard, and J.P.L. Savard. 
2006. Breeding range extension of the Northern Saw-
whet Owl in Quebec. Wilson Journal of Ornithology 
118: 411–413. https://doi.org/10.1676/05-092.1

Burton, P.J., D.D. Kneeshaw, and K.D. Coates. 1999. 
Managing forest harvesting to maintain old growth in 
boreal and sub-boreal forests. Forestry Chronicle 75: 
623–631. https://doi.org/10.5558/tfc75623-4

Cooke, H.A., and S.J. Hannon. 2011. Do aggregated 
harvests with structural retention conserve the cav-
ity web of old upland forest in the boreal plains? Forest 
Ecology and Management 261: 662–674. https://doi.org/ 
10.1016/j.foreco.2010.11.023

Drilling, N.E. 2013. Studies of nesting Northern Saw-
whet Owls in northwestern South Dakota. Technical 
Report: M-SDOWLBAND-03. Rocky Mountain Bird 
Observatory, Brighton, Colorado, USA. Accessed 
15 November 2015. https://birdconservancy.org/wp-
content/uploads/2013/08/NSWO_2012NestRsrchRpt.
pdf.

Etheridge, D.A., and G.J. Kayahara. 2013. Challenges 
and implications of incorporating multi-cohort man-
agement in northeastern Ontario, Canada: a case study. 
Forestry Chronicle 89: 315–326. https://doi.org/10.5558/
tfc2013-062

Fang, Y., S.H. Tang, Y. Gu, and Y.H. Sun. 2009. 
Conservation of Tengmalm’s Owl and Sichuan Wood 
Owl in Lianhuashan Mountain, Gansu, China. Ardea 
97: 649. https://doi.org/10.5253/078.097.0437

Fedrowitz, K., J. Koricheva, S.C. Baker, D.B. Lin
den mayer, B. Palik, R. Rosenvald, W. Beese, J.F. 
Franklin, J. Kouki, E. Macdonald, C. Messier, A. 
SverdrupThygeson, and L. Gustafsson. 2014. Can 
retention forestry help conserve biodiversity? A meta-
analysis. Journal of Applied Ecology 51: 1669–1679. 
https://doi.org/10.1111/1365-2664.12289

Gauthier, S., P. Bernier, T. Kuuluvainen, A.Z. Shvi
den ko, and D.G. Schepaschenko. 2015. Boreal forest 
health and global change. Science 349: 819–822. https://
doi.org/10.1126/science.aaa9092

Hayward, G.D. 1997. Forest management and conservation 
of Boreal Owls in North America. Journal of Raptor 
Research 31: 114–124.

Hayward, G.D., and E.O. Garton. 1988. Resource par-
titioning among forest owls in the River of No Return 
Wilderness, Idaho. Oecologia 75: 253–265. https://doi.
org/10.1007/BF00378606

Hayward, G.D., P.H. Hayward, and E.O. Garton. 
1993. Ecology of Boreal Owls in the Northern Rocky 
Mountains, USA. Wildlife Monographs 124: 1–59.

Hayward, G.D., R.K. Steinhorst, and P.H. Hayward. 
1992. Monitoring Boreal Owl populations with nest 
boxes—sample-size and cost. Journal of Wildlife Man-
agement 56: 777–785. https://doi.org/10.2307/3809473

Hinam, H.L., and C. Cassady St. Clair. 2008. High lev-
els of habitat loss and fragmentation limit reproduc-
tive success by reducing home range size and provi-

https://abmi.ca/home/data-analytics/da-top/da-product-overview/Data-Archive/Land-Cover.html
https://abmi.ca/home/data-analytics/da-top/da-product-overview/Data-Archive/Land-Cover.html
https://abmi.ca/home/data-analytics/da-top/da-product-overview/Data-Archive/Land-Cover.html
https://doi.org/10.2307/3802974
https://doi.org/10.1676/05-092.1
https://doi.org/10.5558/tfc75623-4
https://doi.org/10.1016/j.foreco.2010.11.023
https://doi.org/10.1016/j.foreco.2010.11.023
https://birdconservancy.org/wp-content/uploads/2013/08/NSWO_2012NestRsrchRpt.pdf
https://birdconservancy.org/wp-content/uploads/2013/08/NSWO_2012NestRsrchRpt.pdf
https://birdconservancy.org/wp-content/uploads/2013/08/NSWO_2012NestRsrchRpt.pdf
https://doi.org/10.5558/tfc2013-062
https://doi.org/10.5558/tfc2013-062
https://doi.org/10.5253/078.097.0437
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sverdrup-Thygeson%2C+Anne
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sverdrup-Thygeson%2C+Anne
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gustafsson%2C+Lena
https://doi.org/10.1111/1365-2664.12289
https://doi.org/10.1126/science.aaa9092
https://doi.org/10.1126/science.aaa9092
https://doi.org/10.1007/BF00378606
https://doi.org/10.1007/BF00378606
https://doi.org/10.2307/3809473


2020 Domahidi et al.: Breeding owls in partially cut forests 131

sioning rates of Northern saw-whet owls. Biological 
Conservation 141: 524–535. https://doi.org/10.1016/j.bio 
con.2007.11.011

Johnsgard, P.A. 2002. North American Owls: Biology 
and Natural History. Second Edition. Smithsonian 
Institution Press, Washington, DC, USA.

Korpimaki, E. 1981. On the ecology and biology of 
Tengmalm’s Owl (Aegolius funereus) in southern 
Ostrobothnia and Suomenselkä, Western Finland. Acta 
Universitatis Ouluensis, A 118, Biol 13. University of 
Oulu, Oulu, Finland.

Korpimaki, E. 1985. Clutch size and breeding success in 
relation to nest-box size in Tengmalm’s owl Aegolius fu-
nereus. Holarctic Ecology 8: 175–180. https://doi.org/ 
10.1111/j.1600-0587.1985.tb01168.x

Korpimaki, E. 1987. Clutch size, breeding success and 
brood size experiments in Tengmalm’s owl Aegolius 
funereus: a test of hypotheses. Ornis Scandinavica 18: 
277–284. https://doi.org/10.2307/3676896

Korpimaki, E., and H. Hakkarainen. 2012. The Boreal 
Owl: Ecology, Behaviour and Conservation of a Forest-
Dwelling Predator. Cambridge University Press, New 
York, New York, USA. https://doi.org/10.1017/CBO978 
0511844164

Laaksonen, T., H. Hakkarainen, and E. Korpimaki. 
2004. Lifetime reproduction of a forest-dwelling owl in-
creases with age and area of forests. Proceedings of the 
Royal Society B: Biological Sciences 271: S461–S464. 
https://doi.org/10.1098/rsbl.2004.0221

Lance, A.N., and M. Phinney. 2001. Bird responses to par-
tial retention timber harvesting in central interior British 
Columbia. Forest Ecology and Management 142: 267–
280. https://doi.org/10.1016/S0378-1127(00)00356-X

Lane, B., and S. McKeown. 1991. Physical interaction be-
tween a male Boreal Owl and male Northern Saw-whet 
Owl. Loon 63: 74–75.

Lauff, R.F. 2009. First nest records of the Boreal Owl 
Aegolius funereus in Nova Scotia, Canada. Ardea 97: 
497–502.

Lindenmayer, D.B., J.F. Franklin, and J. Fischer. 
2006. General management principles and a check-
list of strategies to guide forest biodiversity conserva-
tion. Biological Conservation 131: 433–445. https://doi.
org/10.1016/j.biocon.2006.02.019

Lopez, B.C., D. Potrony, A. Lopez, E. Badosa, A. Bon
ada, and R. Salo. 2010. Nest-box use by Boreal Owls 
(Aegolius funereus) in the Pyrenees Mountains in Spain. 
Journal of Raptor Research 44: 40–49. https://doi.org/ 
10.3356/JRR-09-32.1

Marks, J.S., A. Nightingale, and J.M. McCullough. 2015. 
On the breeding biology of Northern Saw-whet Owls 
(Aegolius acadicus). Journal of Raptor Research 49: 

486–497. https://doi.org/10.3356/rapt-49-04-486-497.1
McCullough, J.M., and C.J. Conway. 2017. Breeding be-

havior of Northern Saw-whet Owls in Oregon. North-
west Science 91: 222–227. https://doi.org/10.3955/046. 
091.0211

Moser, B.W. 2002. Reproductive success of Northern 
Saw-whet Owls nesting in hybrid poplar plantations. 
Northwest Science 76: 353–355.

Mossop, D.H. 1997. The importance of old growth refu-
gia in the Yukon boreal forest to cavity-nesting owls. 
584–586 in Biology and Conservation of Owls of the 
Northern Hemisphere: 2nd International Symposium. 
Edited by J.R. Duncan, D.H. Johnson, and T.H. Nich-
olls. General Technical Report NC-190. U.S. Dept. of 
Agriculture, Forest Service, North Central Forest Ex-
periment Station, St. Paul, Minnesota, USA.

Spence, J.R., W.J.A. Volney, V.J. Lieffers, M.G. Weber, 
S.A. Luchkow, and T.W. Vinge. 1999. The Alberta 
EMEND project: recipe and cooks’ argument. Pages 
583–590 in Science and Practice: Sustaining the Boreal 
Forest. SFM Network, 14–17 February 1999. Edmon -
ton, Alberta, Canada.

Straus, M.A., K. Bavrlic, E. Nol, D.M. Burke, and K.A. 
Elliott. 2011. Reproductive success of cavity-nesting 
birds in partially harvested woodlots. Canadian Journal 
of Forest Research 41: 1004–1017. https://doi.org/10.1139/ 
x11-012

Thorpe, H.C., and S.C. Thomas. 2007. Partial harvesting 
in the Canadian boreal: success will depend on stand 
dynamic responses. Forestry Chronicle 83: 319–325. 
https://doi.org/10.5558/tfc83319-3

Woodley, S.J., G. Johnson, B. Freedman, and D.A. Kirk. 
2006. Effects of timber harvesting and plantation de-
velopment on cavity-nesting birds in New Brunswick. 
Canadian Field-Naturalist 120: 298–306. https://doi.org/ 
10.22621/cfn.v120i3.319

Work, T.T., J.M. Jacobs, J.R. Spence, and W.J. Volney. 
2010. High levels of green-tree retention are required 
to preserve ground beetle biodiversity in boreal mixed-
wood forests. Ecological Applications 20: 741–751. 
https://doi.org/10.1890/08-1463.1

Work, T.T., D.P. Shorthouse, J.R. Spence, W.J.A. Vol
ney, and D. Langor. 2004. Stand composition and 
struc ture of the boreal mixedwood and epigaeic arthro-
pods of the Ecosystem Management Emulating Natural 
Disturbance (EMEND) landbase in northwestern Al-
berta. Canadian Journal of Forest Research 34: 417–
430. https://doi.org/10.1139/x03-238

Received 16 October 2018 
Accepted 27 April 2020 
Associate Editor: J.R. Foote

https://doi.org/10.1016/j.biocon.2007.11.011
https://doi.org/10.1016/j.biocon.2007.11.011
https://doi.org/10.1111/j.1600-0587.1985.tb01168.x
https://doi.org/10.1111/j.1600-0587.1985.tb01168.x
https://doi.org/10.2307/3676896
https://doi.org/10.1017/CBO9780511844164
https://doi.org/10.1017/CBO9780511844164
https://doi.org/10.1098/rsbl.2004.0221
https://doi.org/10.1016/S0378-1127(00)00356-X
https://doi.org/10.1016/j.biocon.2006.02.019
https://doi.org/10.1016/j.biocon.2006.02.019
https://doi.org/10.3356/JRR-09-32.1
https://doi.org/10.3356/JRR-09-32.1
https://doi.org/10.3356/rapt-49-04-486-497.1
https://doi.org/10.3955/046.091.0211
https://doi.org/10.3955/046.091.0211
https://doi.org/10.1139/x11-012
https://doi.org/10.1139/x11-012
https://doi.org/10.5558/tfc83319-3
https://doi.org/10.22621/cfn.v120i3.319
https://doi.org/10.22621/cfn.v120i3.319
https://doi.org/10.1890/08-1463.1
https://doi.org/10.1139/x03-238

