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ABSTRACT

We characterized the cavity-using community in &oaghes and riparian buffer strips in
mixedwood boreal forest and determined effects adfvdsting designed to emulate
patterns left after fire. We focused on cavityradgecause most are resident species and
may be sensitive to forestry activities. The danincavity excavator was the Yellow-
bellied Sapsucker and keystone cavity producers wairy Woodpeckers, Northern
Flickers and Pileated Woodpeckers. Cavities wenesed by a variety of species
including squirrels, ducks and owls. In harvestaddkcapes, abundance of flickers
increased and sapsuckers decreased, but cavity rates were similar. Buffer strips
with more forest had more Brown Creepers and tivgelower retention had more Tree
Swallows, otherwise communities were similar. Asp&as used most often as a cavity
tree. Characteristics of trees and surrounding heatcused for cavities varied by
excavator species, but decay class, tree diamedeneight, presence of fungal conks and
tree density were important predictors. Most spedelected older (>125 yr) aspen
stands for their territories, except for Three-téédodpeckers that used white and black
spruce. Sapsuckers selected territories in aretis large patches of residual forest,
whereas Flickers chose areas with less retenti@nmake recommendations for planners
and operators to retain features required by carggys.

Keywords. Nest web, keystone species, dominant species,ycasérs, partial harvest,
aggregated harvest, single-pass harvest, ripaudferb, natural disturbance paradigm,
residual structure
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RESEARCH QUESTIONSAND OBJECTIVES

The functional relationships among species creaimjusing cavities was termed a nest web by
Martin and Eadie (1999). Most cavities are produbg strong primary cavity excavators
(woodpeckers) and used by secondary cavity uséher(dirds and mammals). Weak cavity
excavators (chickadees and nuthatches) excavaiiesan softer wood or use those produced
by primary excavators. Keystone cavity excavamms species that create the majority of
cavities used by other species and thus are aatrd@omponent of this community. In the Boreal
Plains ecozone, up to 25 breeding bird specieduflimg woodpeckers, songbirds, ducks and
owls) and several mammal species (including sgsialed bats) use cavities in trees or snags for
nesting and roosting but a nest web for this rediaa not been described. We focused on
members of the nest web because cavity excavatergpranarily resident species that are
affected by changes to habitat throughout the yd&zavity-using wildlife are one of the most
sensitive groups to intensified management of boi@ast (Angelstam & Mikusinski 1994,
Imbeau et al. 2001).

Changes to the structure, age and composition refabéorests by timber harvest may affect the
structure of nest webs. In general, cavity avditghs lower in intensively managed forests
where harvesting truncates stand ages, reducingvéibility of older, decaying trees and trees
large enough to provide suitable cavities (Newt884). Many forest companies tasked with
maintaining forest biodiversity are investigatingwntypes of forest harvesting, including those
that emulate the patterns and structures of natlistirbances (Hunter 1993). Under this
approach, patches of forest structure are retamiglin harvested areas with the intent to
emulate unburnt patches remaining after fire. &hestches may act as refugia if the amount,
configuration, and type of forest structure retdirage sufficient to meet nesting and foraging
needs of excavators and secondary users. Effeétsest management on primary excavators
will have cascading effects throughout a nest weth hus secondary cavity users may be
affected not only by changes in habitat structure tb forest harvest, but also by changes in
cavity availability. In our study we examined taects of alternative harvest practices that
attempted to emulate fire patterns at local (rgpabuffer strips) and landscape levels on the nest
web.

Objectives from original proposal
1. Determine the structure of cavity nest webs andtifle keystone cavity producers
(functional indicators) in post-fire and old sesthges in different habitat types (aspen-

dominated mixedwood, conifer) in the boreal planeregion.

2. Characterize key features of cavities, cavity treesl stands used by primary excavators and
secondary users.

3. Evaluate repeatability of sampling methods and aebality of cavity users in order to
develop appropriate monitoring techniques.



4. Integrate our results with other research on cavéigting communities in Canadian forests,
in particular with SFMN research conducted on nestiss in British Columbia.

5. Determine the influence on cavity-using communitafs new harvesting practices that
attempt to approximate structures and patterngdidiwing fire.

6. Using previously collected data on songbirds, oavid grouse identify a multi-taxal set of
avian species that are sensitive to decreasesastfoover caused by harvesting (conditional
indicators).

7. Test whether these conditional indicators are midis of other bird species (population
indicators) and at what spatial scale these indisashould be measured for use in
monitoring.

8. Field test these species as indicators of changéorest structure using sites in #5
(validation).

Change in research objectives

Objective 1 was modified to only look at aspen-dominated mixeod stands (intact and
harvested) due to lack of funding.

Objective 3 was not done in a rigorous fashion due to lackingling.

Objectives 6-8 were dropped from the project as we did not rec@mough funding to hire a
postdoctoral fellow, who was slated to do this.

KEY FINDINGS

1. Determinethe structure of cavity nest webs and identify keystone cavity
producersin aspen-dominated mixedwood.

A cavity nest web is a diagram showing the produrctrf cavities by each excavating species
(woodpeckers, chickadees, nuthatches) and theserby others in the community. The cavity
nest web for aspen-dominated boreal mixedwood wetsrmhined by finding cavities and
observing them for subsequent reuse by other eimavar secondary cavity users for 1-3 years
(Fig. 1). Cavity reuse was organized by excavatmly size, with larger-bodied excavators
(Pileated Woodpecker, Northern Flicker) providirayities for larger-bodied secondary cavity
users (Common Goldeneye, Bufflehead, Northern SaetvWwl). Cavities of smaller-bodied
excavators (Yellow-bellied Sapsucker, American €t@ed Woodpecker, Hairy Woodpecker)
were used by smaller-bodied secondary cavity u@éosthern Flying Squirrel, Red Squirrel,



Tree Swallow), however these secondary speciesudilsred cavities of the larger excavators.
We modeled cavity reuse by secondary species terrdiete the relative importance of four
cavity excavators and to identify keystone cavitgducers. Three species were identified as
keystones — Hairy Woodpeckers, Northern Flickers] Rileated Woodpeckers. Cavities of
these three species were five (Hairy Woodpecké&)Plleated Woodpeckers), and 25 (Northern
Flicker) times more likely to be reused than cagitof Yellow-bellied Sapsuckers, a dominant
excavator that produced over 60 percent of thetieavin these landscapes.

2. Characterize key features of cavities, cavity trees, and stands used by
primary excavators and secondary users.

Cavity treesand surrounding trees

Aspen was the most frequently used tree speciescdoity excavation. Yellow-bellied
Sapsucker, Hairy Woodpecker and Pileated Woodpgukaarily used live trees with no decay
and early decay (<50% of the canopy dead). Nantkéickers, Black-capped Chickadees, Red-
breasted Nuthatches, and Three-toed Woodpeckeds asmsgys in later stages of decay (softer
wood and usually had broken-tops). Nest trees bhgegkcavators ranged in size from 12 cm in
diameter for the smallest excavators (Red-brealtgithatches, Black-capped Chickadees) to
over 60 cm for Northern Flickers. Median nest tde@meters ranged from 20 cm for Black-
capped Chickadees to 47 cm for Pileated Woodpeckeétfsight of nest trees varied among
species from 2 m to over 35 m. Black-capped Clieka, Red-breasted Nuthatches and Three-
toed Woodpeckers used the shortest trees of allvexars (median height 10 m). In contrast,
Hairy Woodpeckers, Pileated Woodpeckers, and Sapstizised trees of median heights near
25 m. The number of conks of the heartrot fungusllihus tremulae varied from zero to >70 on
nest trees. Cavities of species using live aspah rmedians ranging from 14 to 19 conks
whereas nest trees of species that used snagsehafew conks. We measured characteristics
of trees in a 11m radius plot centred on the nes.t Again, features varied depending on
woodpecker species, but two main types of surrogglivere found: either a high density of
aspen trees with conks (~ 30 trees/0.04 ha plod) low density of aspen trees (~ 10 trees/0.04
ha plot).

Stand usein unharvested landscape

We categorized stand types where cavities weredfdalh excavator species combined) into four
groups: aspen (old: >125 yr), aspen (young: 2%85 mature: 75-125 yrs), white spruce (all
ages), and other (remaining deciduous and conifedominated and non-forested stands). Most
woodpecker cavities (in particular Sapsuckers) weusnd in old aspen-dominated stands at a
significantly higher rate than expected based oailabvility (used: 58%; available: 33%).
American Three-toed Woodpeckers used white andkldpouce-dominated stands exclusively,
whereas Black-capped Chickadees used aspen-dothstatals exclusively. Hairy and Pileated
Woodpeckers both used aspen and balsam poplasstamalever six of 10 cavity trees used by



Figure 1. Cavity nest web for intact aspen-dominated mixemtivboreal forest observed over 4 breeding
seasons.
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Pileated Woodpeckers were in old aspen standskdfs used old and mature aspen stands and
two non-forest areas associated with riparian af@@sver ponds and streams).

3. Integrate our results with other research on cavity nesting communitiesin
Canadian forests, in particular with SFMN research conducted on nests
webs in British Columbia

This has not been completed yet. We plan to deithifall of 2008 in collaboration with Dr.
Kathy Martin, University of British Columbia. Towds this end, initial discussions have
occurred, results shared and Dr. Martin particigg@eour partner workshop in 2006.

4. Determinetheinfluence on cavity-using communities of new harvesting
practices that attempt to approximate structures and patternsleft following
fire

We contrasted community structure, cavity reusel mast site selection in harvested and
unharvested mixedwood boreal landscapes. We dedltao harvesting approaches based on
the Natural Disturbance Model: single-pass haragstvith structure retention (in Alberta and
Saskatchewan) and riparian buffers (in Manitobajhwstructure retention.  Single-pass
harvesting is done on larger landscapes (>150Ghd)leaves trees singly or in patches up to
several hundred hectares. In Manitoba, riparidfelsiwere either left intact (50m wide buffer),
were partially harvested (10m wide intact and 30mdewstrip with 25% timber left) or were
harvested to the high water mark with some resitheals (5-12% retention). We divided these
into 3 groups based on amount of forest retain2dow retention (0-33%), 14 medium retention
(33.1-66%), and 20 high retention (>66%) sites. Waee organized the results for this objective
under three questions:

A. Isthestructure of the excavating guild similar in theintact and harvested landscapes
and how does amount of residual structure affect occurrence of excavators (AB, SK,
MB)?

Sngle-pass harvest

We surveyed the cavity-using community using 15-i#f00ne transects in two harvested and
two intact landscapes. All excavators observethiwithe intact landscapes were also observed
in the harvested landscapes, however differencesbimdance and frequency of occurrence
resulted in significant differences in overall guistructure. Consistent with our nest web
analysis, Northern Flickers were significant indoca of the harvested landscapes whereas
Yellow-bellied Sapsuckers were significant indicatof the intact landscapes. To determine
whether the abundance of species differed betwesmested and intact landscapes when
corrected for the actual amount of forest on eaoddcape, we repeated the analysis. Abundance
per ha of forest of sapsuckers did not differ betwbarvest and intact landscapes, but flicker
abundance/ha forest was still higher in the haraesd. There was very high variability in the
abundance of Sapsuckers across harvest transeggessing abundance is related to other



residual characteristics, such as configuration stadd composition, in addition to total forest
area. Overall, we conclude that 1) harvested lzagbss support fewer Sapsuckers and more
Flickers than intact landscapes, 2) harvested t@apEs support similar abundances of
Sapsuckers/ha of structure retained in harvestedirgact landscapes. Further analysis will
evaluate the effect of residual patch type and igardtion on variability in Sapsucker
abundance.

Riparian buffers

Members of the cavity community were surveyed obrd@ong transects through riparian buffer
strips. All species were present in all treatmgmtups. In MB, medium and high retention
buffers supported similar bird communities, whitevl retention buffers differed from both.
Along a gradient from high to low retention, comnti@s shifted from being Brown Creeper-
dominated to Tree Swallow-dominated. Amount oéméibn per se, did not influence abundance
of other species, but Northern Flicker abundanczessed and Yellow-bellied Sapsucker
abundance decreased with increasing mean decidreudiameter (measured at breast height).
Abundance of Flickers decreased and Sapsuckemsased with increasing density of large live
aspen trees with conks. Boreal Chickadee abundewasepositively related to conifer tree
density. Although less important, large snag dgngas negatively related to Northern Flicker,
and positively related to Boreal Chickadee abundansmount of downed woody material and
the density of live birch stems were positivelyated to Northern Flicker and Yellow-bellied
Sapsucker, respectively. In areas surroundingbtiféers, the amount of harvest negatively
impacted the abundance of Boreal Chickadees butotiwr species. We note that these
landscapes retain a high amount of forest (mean8992; range 37-95%).

B. Areratesof cavity reuse, the structure of cavity nest webs, and therole of keystone
cavity producerssimilar in theintact and single-pass harvested landscapes (AB and
SK)?

Cavity reuse

For the four most common excavators, rates of gaeitise by secondary cavity users ranged
from 6 to 60 percent in the intact landscapes amd 30 percent in the harvested landscapes.
There were no significant differences in ratesafity reuse by secondary cavity users between
the intact and harvested landscapes for the cavitie Yellow-bellied Sapsuckers, Hairy
Woodpeckers, or Pileated Woodpeckers. Howeverthdan Flicker cavities in the harvested
landscape were reused significantly less frequénglgecondary cavity users than in the intact
landscapes.

Cavity nest web

In the single-pass harvested landscapes the néstheaged: there was a higher availability of
Northern Flicker cavities, an additional speciesmgkican Kestrel) was present, which
predominantly used Flicker cavities, and there wadsgher rate of reuse of Flicker cavities by
other Flickers (Figure 2). Flickers and Pileateddfipeckers persisted as keystone excavators,
but in contrast to the intact landscapes, theirtiesvwere only nine times (vs. 19 and 25,
respectively) as likely to be reused as cavitiesSapsuckers, which persisted as dominant
excavators.



C. What istheinfluence of the type and amount of structureretained in single-pass
landscapes on nest site selection by excavator s?

Residual structure in the harvested landscapesbeaclassified as either planned structure
(delineated for retention at the planning stagepmerator structure (retention within cutblocks
chosen by operators). Planned structure includeget residual patches of merchantable and
non-merchantable material whereas operator strichaludes single trees and small patches.
The two single-pass harvested landscapes in thdy AB, SK) varied in characteristics of
planned and operator structure retained (TableThe AB harvest had more but smaller patches
of operator structure and the SK harvest had féwetarger patches of planned structure.

For all excavators, nest tree characteristics vearglar in the harvested landscapes to those
selected in the intact landscapes: Sapsuckersy M&odpeckers, and Pileated Woodpeckers all
selected large diameter, diseased aspen with reulfi;wgal conks; Flickers selected large
diameter aspen and balsam poplar snags with fuogaks; and Black-capped Chickadees
selected small diameter aspen snags. Thus, st@latiements retained in the harvested
landscape provided similar types of trees as sslduy these excavators in the intact landscapes.

For Yellow-bellied Sapsuckers and Northern Flickgh® most abundant species) we evaluated
nest site selection based on the amount of resgluadture within a core area (75-m radius) and
within a home range (200-m radius for Sapsucked®:rd radius for Flickers) surrounding nest
locations. Within the core area, Sapsuckers amgkdts in SK selected for greater cover of
operator structure than available across the laesc Sapsuckers in both landscapes selected
core areas with more planned structure than availatross the landscape, whereas Flickers in
AB selected for core areas with less planned siradhan available. At the home range scale,
Flickers in AB displayed selection for greater cowé operator structure and less cover of
planned structure. Sapsuckers showed positivetsmiefor planned structure at the home range
scale in both landscapes. Thus, at both scalesuSkgrs selected nest locations associated with
high cover by large patches of residual structuri. contrast, at both scales Flickers selected
nest locations with higher cover from operator pascand less cover by planned patches than
expected due to availability across the landscapes.

Table 1. Characteristics of residual structure in two s#gass harvested landscapes in AB and SK

Residual Type Operator Structure Planned Structure

Site AB SK AB SK
Number of patches 2752 528 112 50
Total Harvest Area (ha) 1636 3473 1636 3473
Structure Area (ha) - total 150 116 383 1223
Structure Area - percent of total harvest area 9.18 3.33 23.38 35.22
Structure Area (ha) - mean 0.05 0.22 3.42 24.46
Structure Area (ha) - median 0.03 0.14 0.56 2.50
Structure Area (ha) - SD 0.11 0.31 6.59 101.09
Structure Area (ha) - min 0.00 0.00 0.01 0.23
Structure Area (ha) - max 3.26 5.00 36.44 681.69




Figure 2. Cavity nest web for mixedwood boreal landscapesdsied using single-pass with structural
retention practices as observed over 4 breedirgpasa
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KEY DELIVERABLES

Workshops organized

We held three workshops in conjunction with ourtipars (March 9, 2005, Feb 16 2006, April
24, 2007). These were fruitful in determining @s@ goals, methods, management implications
and plans for KETE products.

Conferences/workshopg/lectures:
Cooke, H.A. 2004. Ecology of the cavity-using coomity in old mixedwood boreal forest.
Presentation at Ducks Unlimited Canada Western@&d&teogram Team Meeting.

Clarke, H.D., S.J. Hannon, and S. Song. 2005. efteets of partial harvesting in riparian buffer
strips on cavity-nesting bird communities in boresikedwood. Poster presented at SFMN
workshop Towards a systems approach for managemetdrrestrial, riparian, and aquatic
ecosystems.

Cooke, H.A., H.D. Clarke, S.J. Hannon, and S. Sa2@06. Effects of harvesting on the cavity-
using community in mixedwood forest on the borelins. Poster presented at the SFMN
conference.

Clarke, H.D., S.J. Hannon, and S. Song. 2007. &ffet riparian partial-harvesting on cavity-
nesting birds. Poster at SFM Management of Aqu&ystems in Forested Landscapes:
Knowledge Exchange Workshop.

Clarke, H.D., S.J. Hannon, and S. Song. 2007. Effet riparian partial-harvesting on cavity-

nesting birds. Poster presented at 26th Annual tikgeof the Society of Canadian

Ornithologists.

Cooke, H.A. and S.J. Hannon. 2007. Keystone etoay and cavity nest webs in intact and
harvested mixedwood boreal forest. Presentatio@6&t Annual Meeting of the Society of
Canadian Ornithologists.

Cooke 2007. Cavity nest webs and keystone spegienanaged boreal forests. Lecture to
Biology of Birds course, Department of Biologicai&ces, University of Alberta.

Publications
Most are pending but will include two graduate #segxpected April and Sept 2008), a KETE
document outlining best practices and publicatiorgeer-reviewed journals.

Training
The project provided funding for training of twoaguate students (PhD Hilary Cooke, MSc
Heather Clarke), one technician and 15 undergradasgistants.



BENEFITSTO PROJECT PARTNERSAND OTHERS

The following groups have or will benefit from awsearch:

Industrial partners: Alberta Pacific Forest Industries Inc., WeyertsuCanada Ltd, Louisiana
Pacific Canada Ltd.

Government partners. Environment Canada, Alberta Sustainable ResdDeselopment.

NGO partners: Ducks Unlimited Canada.

These groups have been involved in the projecesitscinception and have participated fully in
project development and discussion of results aadagement implications. They will continue
to participate as we develop a KETE document w#dbommendations for best practices at
various spatial scales (single tree, patch, lamocand levels of operation (planning, operator)
to ensure maintenance of cavity-using communities.

MANAGEMENT/POLICY IMPLICATIONS

We are currently finishing data analysis and sysitheg results in preparation for a KETE
document. To date our data would support the fiollg management implications.

In both buffer strips and single-pass harvest leagss, the communities appeared to be fairly
resilient in the short term to harvest with struatuetention. In single-pass harvest landscapes,
Sapsuckers became less abundant as expected witivehall loss of forest cover. In contrast,
in association with increasing open habitat, Fliskbecame more abundant and American
Kestrels entered the community. All other excasateesting in the intact landscapes (primary:
Downy Woodpecker, Hairy Woodpecker, Three-toed Weat#er, Pileated Woodpecker; weak:
Black-capped Chickadee, Red-breasted Nuthatch) wewumd nesting in the harvested
landscapes but in both landscapes these species atedensities too low to detect any
differences. In riparian buffers, old-growth sgscsuch as Brown Creepers were absent in low
retention sites and more open-country species, aachree Swallows, were more abundant in
low retention sites. When the effect of the lamghec surrounding the buffers was considered,
only Boreal Chickadees were negatively affectedti®y amount of harvest. However, these
landscapes still had a fairly high degree of fomesained. Both Brown Creeper and Boreal
Chickadee have negative population trends overignstof the Boreal Plains. Protection of
intact old forests to provide habitat for thesecsp®is a prudent management response given the
negative association with harvesting.

Based on use and selection of cavity trees andhestto meet the current nesting needs of all
excavatorspperators should leave the following trees and lspadthes in cutblocks

Large diameter (>30 cm) live aspen with >10 fungahks surrounded (11m radius) by a
high density of aspen trees with conks (~ 30 tre@4/Ba plot).

Large diameter (>35 cm) broken-top aspen and balgaptar snags. These should be
surrounded by a low density of aspen trees (~ H340e04 ha plot).

10



Small diameter (>20 cm) broken-top aspen snagewoded by a high density of aspen trees
with conks (~ 30 trees/0.04 ha plot).

Based on our analysis of selection of stand typelsrasidual structure in single-pass harvested
sites, planners should leave large patches of @5 yr) aspen stands to retain the dominant
cavity producer, the Yellow-bellied Sapsucker. e still conducting analyses to determine
the size and configuration of these patches, whitlhbe outlined in our KETE document.

SUGGESTIONSFOR FUTURE RESEARCH

Our work focused on distribution and abundance efoers of the cavity-using guild during the

breeding season and the features of cavity tregghesir surroundings. Future research should
examine characteristics of trees used for foragmd) should determine habitat use of animals in
fall and winter. Our study evaluated the shonrteesponse of cavity users and thus may not
signal their long-term use of these areas. As,wwih reproductive success is critical for

ensuring persistence of cavity users in harvest@ddcapes over the long term but was not
evaluated. To provide a supply of trees to enseceuitment into the selected size and decay
classes, managers will need information on the ar@sms and rate of fungal colonization and
decay with respect to tree size and landscape xiontdtle is known about the effect of harvest

on fungal dispersal or on the factors that pronhet@rt rot infection in aspen.
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