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ABSTRACT

Effective conservation of biological diversity requires understanding of the
influences of habitat composition and structure on species and community composition.
Although patterns of bird richness and abundance in peatland natural communities have
been studied in Canada, little is known about these relationships in the United States,
especially within the Great Lakes region. Furthermore, environmental changes
associated with global climate change could significantly impact many natural
communities, including peatlands. Although potential impacts of climate change on birds
are poorly understood, species composition and habitat use by peatland bird communities
may be important to consider when monitoring peatlands for climate change impacts
because of the sensitivity of birds to changes in vegetation composition and structure. In
this study, I used several analytical methods to explain the distribution and habitat
relationships of peatland birds in relation to a suite of habitat variables measured at a
diverse array of peatland sites across Wisconsin.

In both 2006 and 2007, I surveyed peatland bird communities using standard
unlimited-radius point counts at 14 intensive sites and 74 extensive sites previously
selected by the WDNR. Intensive sites were non-randomly selected and surveyed >2
times each year of the study. Extensive sites were selected using a stratified random
sampling design and surveyed only once during the study. At both intensive and
extensive sites, point-count stations were established along a transect bisecting the
midsection of each peatland site. Vegetation was sampled at each point-count station
and the surrounding area following methods previously established by WDNR for the

multi-taxa peatland study. To supplement these vegetation data, additional habitat
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variables were measured in 2007. Vegetation was surveyed at each point within the
intensive sites once per season in 2004, 2006, and 2007. Because extensive sites were
surveyed only once during the study, vegetation at these sites was surveyed immediately
after bird surveys. The area of each peatland site was determined using a Geographic
Information System (GIS).

I grouped bird species into 3 habitat-use guilds (forest, open-shrub, peatland-
associated) for analyses. Further, I grouped species as residents, short-distance migrants,
and neotropical migrants. Bird species present at >5% of sampling stations were selected
for individual analyses. I used three analytical methods to model bird habitat
relationships: logistic and linear regression and canonical correspondence analysis
(CCA). Data from both intensive and extensive sites previously collected by WDNR in
2004 and 2005 were included in analyses. I used stepwise logistic and linear regression
to analyze habitat relationships of 42 species with sufficient detections. Dependent
variables in models included species presence (logistic models) and mean abundance per
site (linear models), stratified by habitat association and migratory strategy. I also
analyzed habitat relationships of selected species that presently were near the edge of
their distribution range within the study area. Because of different sampling intensities
(i.e., years, number of point-count surveys/year) within intensive and extensive sites, I
modeled data from intensive and extensive sites separately. I also analyzed the 2007
extensive sites separately to examine potential differences resulting from including
additional habitat variables measured in 2007. I then examined bird community habitat

relationships using CCA, stepwise logistic and linear regression, as well as a priori
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logistic and linear regression models with Akaike’s Information Criterion (AIC) model
selection.

Generally, significant variables common among analytical approaches indicated
that bird occurrence and relative abundance within peatlands increased in response to
greater cover and structural diversity of shrub strata. Among logistic and linear
regression models selected using AIC, models containing the variables snags, percent
cover of low shrubs and high herbs, peatland area, and percent cover of all conifer trees
received the strongest empirical support. Overall, foliage height diversity within
peatlands appeared to be the most important structural attribute contributing to bird
diversity and abundance within these habitats. In addition to providing a better
understanding of peatland bird habitat relationships within the Great Lakes region, the
results of this study may provide managers with important baseline data that could be

used to monitor potential effects of climate change on peatland flora and fauna.
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PREFACE

This thesis is comprised of two chapters consisting of separate, but related
manuscripts submitted for publication that investigate the distribution and habitat
relationships of bird communities within peatland natural communities of Wisconsin.
Although the habitat relationships of birds have been extensively studied in both upland
forest and grassland systems, relatively few studies have investigated these relationships
in peatland ecosystems of North America. Furthermore, existing studies of peatland bird
communities within North America have been largely conducted in the boreal regions of
Canada because peatlands are common there. Despite the widespread distribution of
peatland ecosystems within the Great Lakes region of the United States, including
Wisconsin, the bird communities inhabiting these systems have previously been poorly
characterized.

Both scientists and managers are increasingly concerned about the potential
effects of global climate change on biological diversity. Environmental changes
associated with global warming could significantly impact many natural communities in
a number of ways. Animals and plants are expected to respond to climate change through
changes in range (compression, extension, shifting), abundance, phenology, productivity,
community composition, and biotic interactions. Plants are expected to exhibit changes
in dispersal and physiology (photosynthetic rate, net primary production, water-use
efficiency). The predicted response of acidic bog peatlands to climate change is
increased shrub cover and reduced abundance of graminoids, whereas the predicted
response of more alkaline fen peatlands to climate change will likely depend on changes

in water-table elevation (Weltzin et al. 2003). Meanwhile, upland forest expansion
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(afforestation) into peatlands worldwide from both natural and anthropogenic
disturbances is expected to negatively affect the biological diversity of peatlands
(Lachance et al. 2005).

Distributional changes have been documented in some species of plants and
animals (Schneider and Root 2002, Parmesan and Yohe 2003). Prior to European
settlement, species range shifts resulting from periods of climate change were not
constrained by artificial barriers such as roads, cities, reservoirs, and significant regions
of altered or discontinuous habitats. Therefore, negative patterns in population dynamics
and even species extinction rates could be more severe given the synergistic effects of
climate change coupled with habitat loss and fragmentation. Responses of plant
communities to potential changes in climate are exceedingly complex and difficult to
predict (Schulze et al. 2002). For example, although the general effects of increasing
CO; concentrations on plants and their responses are well documented and understood
(Tjoelker et al. 1998, Tuba et al. 1998, Lloyd 1999, Norby et al. 2005, Johnson et al.
2006, Sherwood and Idso 2006), a large suite of regional and site-level influences on
physiology and phenology decrease the predictability of plant responses to climate
change within a given community.

The species composition, abundance, and habitat relationships of bird
communities are important indicators of climate-change impacts on ecosystems because
of the sensitivity of birds to changes in temperature, patterns of vegetative cover, and
microhabitat structure (Walsberg 1985, Stockwell 1994). Birds are expected to track
climate as a function of their physiological tolerances (Davis et al. 1986, Webb 1987,

Pastor and Post 1988, Graham and Grimm 1990, Davis and Zabinski 1992, Hart and
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Shaw 1995, Root and Schneider 1995), and bird species frequently segregate along
microclimate gradients that reflect vegetation gradients (Smith 1977).

Specific impacts of global climate change on birds are not well understood
(Hudson 1990, Marquiss and Newton 1990, Austin et al. 1993). Some monitoring
programs have been initiated to examine bird distribution changes in response to climate
change (Sauer and Droege 1992) and to use birds as bioindicators of these changes
(Morrison 1986, Temple and Wiens 1989). Climate change could affect ecological traits
of birds, including diet (Crick and Sparks 1999), habitat use (Zalakevicius and
Zalakeviciute 2001, Travis 2003), body mass (Crick and Sparks 1999, Stevenson and
Bryant 2000), and breeding density (Dunn and Winkler 1999). For example, both
common yellowthroats (Geothlypis trichas) and Lincoln’s sparrows (Melospiza lincolnii)
would be expected to respond negatively to increased forest cover (afforestation)
resulting from climate change because these species usually nest in copses of black
spruce (Picea mariana) localized in transition areas between forested edges and open
habitats (Gauthier and Aubrey 1995, Desrochers 2001).

Studies of climate change impacts on migratory patterns of short-distance and
long-distance migratory birds have produced conflicting results (Saunders 1959, Huin
and Sparks 1998, Sokolov et al. 1998, Huin and Sparks 2000, Lemoine and Bohning-
Gaese 2003). Short-distance migrants in the United States are expected to respond more
immediately to global climate change than long-distance migrants because the latter rely
primarily on photoperiod rather than temperature for cueing migration (Butler 2003). In
contrast, climate change models developed for Europe have predicted that warmer

winters will cause a reduction in long-distance migrants because resident and short-
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distance migrants move less, thereby increasing competition for resources with long-
distance migrants (Lemoine and Bohning-Gaese 2003).

Although the effects of climate change on breeding phenology of birds have not
been studied extensively (Dunn and Winkler 1999, Schwartz and Reiter 2000, Visser et
al. 2003), increasing temperatures are expected to influence the timing of initial
reproduction in birds because warmer temperatures cause birds to breed earlier (Nice
1937, Jarvinen 1994, Crick et al. 1997, Winkel and Hudde 1997, Forchhammer et al.
1998, McCleery and Perrins 1998, Brown et al. 1999, Crick and Sparks 1999, Dunn and
Winkler 1999, Hussell 2003, Torti and Dunn 2005). Although relationships between
climate change and bird reproduction are predicted to be complex and species- and
region-specific (Torti and Dunn 2005), in general, niche specialists will likely respond
more severely to climate change than generalist species because of changes in vegetation
that alter or eliminate specific habitat and forage resources (Daan et al. 1988, Rotenberry
and Wiens 1991).

Three important components for studies related to global climate change include
1) fine-scale temporal resolution to identify frequencies of biological change and to
establish the relationship between biological changes and associated physiological events,
2) broad-scale spatial resolution to establish whether changes are occurring throughout
the range of a species or at a smaller local scale, and 3) wide taxonomic resolution to help
rule out alternate hypotheses (Sagarin 2002). A change across several or many
taxonomic groups or life history strategies is more likely to be a general biological

response to climatic change.
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In 2003, the Wisconsin Department of Natural Resources (WDNR) initiated a
study (“Biodiversity in Selected Natural Communities Related to Global Climate
Change”) to assess potential influences of climate change on wildlife and plant species
associated with peatland natural communities of Wisconsin. Baseline data for birds,
small mammals, herpetofauna, vascular plants, and invertebrates were collected by the
WDNR and cooperators from 2004 to 2007 for comparisons with future studies. My
specific objective in chapter 1 was to determine if avian richness and relative abundance
within Wisconsin’s peatlands could be explained by a suite of multivariate compositional
and structural habitat variables. My specific objective was to determine if the presence
and relative abundance of the three species within Wisconsin’s peatlands could be
explained logistic and linear regression modeling of compositional and structural habitat
variables.

In both 2006 and 2007, I surveyed peatland bird communities using standard
unlimited-radius point counts at 14 intensive sites and 74 extensive sites previously
selected by the WDNR from across Wisconsin. Intensive sites were non-randomly
selected and surveyed >2 times each year of the study. Extensive sites were selected
using a stratified random sampling design and surveyed only once during the study. I
also incorporated previous data on peatland birds and habitat variables collected by
WDNR in 2004 and 2005. In the first chapter, I analyzed the bird point-count data and
habitat variables using several analytical methods to create explanatory models of bird
presence and abundance in Wisconsin peatlands. Specifically, I (1) explored the
relationship between bird species, grouped by habitat and migratory guilds, and specific

elements of microhabitat structure and landscape characteristics using canonical
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correspondence analysis (CCA); (2) examined the influence of habitat and landscape
variables on bird presence using stepwise logistic regression; and (3) examined the
influence of habitat and landscape variables on bird relative abundance using stepwise
linear regression. I modeled data from intensive and extensive sites separately because of
different sampling intensities (i.e., years, number of point-count surveys/year) within
intensive and extensive sites. I also analyzed the 2007 extensive sites separately to
examine any differences resulting from including additional habitat variables measured in
2007. Finally, I analyzed selected bird species that presently appear to be at the edge of
their distributional range within the study area.

In the second chapter, I used the bird point-count data and habitat variables to
model habitat relationships for 3 bird species, common yellowthroats, Nashville warblers
(Vermivora ruficapilla), and palm warblers (Dendroica palmarum), that are considered
strong peatland associates. Specifically, I determined if (1) habitat variables explained
the probability of bird occurrence and (2) habitat variables explained variation in bird
relative abundance.
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CHAPTERI:
HABITAT RELATIONSHIPS OF BIRD COMMUNITIES IN
WISCONSIN PEATLANDS

Abstract: Relatively little is known about relationships of birds to patch area and habitat
characteristics in wetland-dominated landscapes of North America. In particular, patterns
of bird occurrence and relative abundance within peatland ecosystems have been poorly
characterized within the Great Lakes region of the United States. Bird communities were
surveyed and habitat characteristics were measured between 2004 and 2007 at multiple
points within 14 “intensive” peatland sites, sampled each year of the study, and at 74
additional “extensive” sites that were sampled once during the study. Using logistic and
linear regression, and canonical correspondence analysis (CCA), I related the presence
and relative abundance of individual species and habitat and migratory guilds to peatland
area and habitat characteristics. Higher richness and relative abundance of peatland birds
were generally positively associated with percent cover of: low shrubs to high herbs,
trees, broadleaved shrubs, peatland area, and coniferous shrubs, and negatively associated
with tree basal area. In particular, high foliage height diversity within peatlands appears
critical for supporting diverse and abundant bird assemblages. Peatlands that possess
these characteristics should support the greatest avian diversity and benefit most species.
While my results provide important insights, continued research is needed in the

conservation and management of birds in Great Lakes peatlands.

Key Words: area, canonical correspondence analysis, birds, Great Lakes, habitat

relationships, peatlands, regression, wetlands, Wisconsin



INTRODUCTION

Two fundamental emphases in recent avian ecology research have been the
importance of patch area and habitat characteristics on species richness and species
composition (Swift et al. 1984, Cody 1985, Winter and Faaborg 1999, Riffell et al. 2001).
Researchers have extensively documented that some bird species exhibit lower density
and breeding success in small habitat patches or may be absent from such areas (Brown
and Dinsmore 1986, Robbins et al. 1989, Vickery et al. 1994, Winter and Faaborg 1999).
Numerous studies have documented the importance of habitat composition and structure
on bird species (e.g., MacArthur and MacArthur 1961, James 1971, Willson 1974,
Whitcomb et al. 1981, James and Wamer 1982, Erdelen 1984). In particular, diversity in
the structure of live and dead vegetation (e.g., foliage height diversity; MacArthur and
MacArthur 1961) exerts a significant influence on avian community composition because
different resources are used by birds for foraging, nesting, and protection from the
elements and predators (Cody 1985). For example, common yellowthroats (Geothlypis
trichas) and Lincoln’s sparrows (Melospiza lincolnii) decline in abundance as overhead
forest canopy increases because both species typically nest in copses of black spruce
(Picea mariana) localized in transition areas between forested edges and open patches
(Gauthier and Aubrey 1995, Desrochers 2001). General theories of avian habitat
relationships have evolved into the development of species-specific regression models
(e.g., Gutzwiller and Anderson 1987, Naugle et al. 1999, Riffell et al. 2001) and
predictive habitat suitability models to guide avian conservation and management (e.g.,

Prosser and Brooks 1998). However, much of this research has been conducted in



terrestrial landscapes, whereas information concerning habitat relationships of wetland
birds remains relatively scarce (Weller 1999, Riffell et al. 2001).

Avian habitat relationships have been investigated for some wetland ecosystems,
including wet meadows (Riffell et al. 2001), depressional forested wetlands (Riffell et al.
2006), inland riparian wetlands (Inman et al. 2002), and prairie potholes (Naugle et al.
1999). However, information concerning species assemblages and habitat associations is
lacking or limited for many wetland types, including peatlands. Ombrotrophic (bog) and
minerotrophic (fen) peatlands are widespread ecosystems, covering approximately 3-4 x
10° km? worldwide (Lachance et al. 2005). Most peatlands have a boreal distribution,
between 50° and 70° N in Canada, Russia, and northern Europe, although an estimated
3.7 million ha of peatlands occur in the temperate, coterminous United States (Hall et al.
1994). Although the overall biological diversity of peatlands is low when compared to
other wetland ecosystems, these habitats often support distinctive flora and fauna. This is
particularly true for peatlands at the southern extent of their distribution, where they
support plant and animal species commonly found at more northern latitudes and are
considered islands of boreal diversity in temperate ecosystems (Lachance et al. 2005).
Consequently, the continued loss and degradation of peatlands from agriculture, forestry,
urbanization, and harvest of peat moss may provide a significant threat to regional
biological diversity. Additionally, potential changes in peatland vegetation composition
and structure from anthropogenic climate change are expected to cause large changes in
peatland flora and fauna (Weltzin et al. 2003, Lachance et al. 2005).

Recent work has documented the area and habitat associations of bird

communities within boreal peatlands of Canada (Calmé and Desrochers 2000, Calmé et



al. 2002, Lachance et al. 2005). However, species assemblages and habitat relationships
of birds within peatlands of the Great Lakes Region of the United States have been
poorly characterized. This is of particular concern because these peatlands serve as
boreal refugia within surrounding temperate landscapes, and may provide critical
migratory, breeding, and foraging habitat for a wide variety of bird species (Cutright et
al. 2006).

My objective was to determine if avian richness and relative abundance within
Wisconsin’s peatlands could be explained by compositional and structural habitat
variables. As part of a larger, long-term effort investigating potential effects of climate
change on peatland ecosystems in Wisconsin, I sampled breeding bird communities and
habitat characteristics in 2006 and 2007 within peatland wetlands distributed across the
state. I also incorporated data previously collected at these and similar peatland sites in
Wisconsin in 2004 and 2005. Information about these habitat relationships will help
guide future research for Great Lakes peatlands, including establishment of baseline data
for assessing changes in peatland bird communities resulting from future natural and
anthropogentic disturbances. Without detailed knowledge about area and habitat
relationships of birds using these wetlands, effective management and conservation of
avian habitat is not possible in the Great Lakes region.

METHODS
Study Area

My study was conducted at individual peatland wetlands (“sites”) scattered across

Wisconsin that were selected by the WDNR for its broader multi-taxa climate change

project. Study sites were selected to represent the geographic distribution of peatlands in



Wisconsin and to account for differences in topography, climate, and vegetation
characteristics between the two ecological provinces (Keys et al. 1995) within the state.
The Laurentian Mixed Forest Province covers the northern half of Wisconsin (Province
212), and the Eastern Broadleaf Forest Province (Province 222) covers southern
Wisconsin (Fig. 1). The division between these two provinces is known as the “Tension
Zone,” along which the northern coniferous-deciduous forest changes gradually into
southern oak forests and savannas and the former prairie region. In Wisconsin, peatland
natural communities include black spruce (Picea mariana) swamps, bog relicts, boreal
rich fens, muskegs, open bogs, poor fens (including central poor fens), tamarack (Larix
laricina) poor swamps, tamarack rich swamps, northern wet-mesic forests including
white cedar (Thuja occidentalis) swamps, southern sedge meadows, and northern sedge
meadows.

Selection of study sites was based on two levels of survey intensity. The WDNR
used Natural Heritage Inventory (NHI) data for Wisconsin natural communities, state
natural areas, and other sources to select 14 peatland complexes as intensive survey sites
(Fig. 2). These sites were subjectively determined by the WDNR to have experienced
minimal human disturbance and to have a high likelihood of future stability (i.e.,
protected from direct anthropogenic influences). The 14 sites were also selected to
ensure broad geographic representation within each province in Wisconsin. Intensive
sites were designated for repeated sampling during each year of the study to account for
temporal variation in bird populations.

A stratified random sampling design was used to select additional individual

peatlands, distributed statewide and within both ecological provinces, as potential



extensive survey sites. New extensive sites were randomly selected to survey each year
and were surveyed only once during the study. From 2004 to 2007, 74 extensive sites
were surveyed (Fig. 3). The purpose of extensive sites was to provide broad spatial
resolution across peatland wetlands of Wisconsin. Intensive site peatlands ranged 16-792
ha in area (x = 336 ha = 67 SE), whereas extensive site peatlands ranged 16-607 ha in
area (x = 126 ha £ 15).
Bird Sampling

Point counts (Ralph et al. 1995, Howe et al. 1997a) were used to assess presence
and relative abundance of breeding passerine birds (Robbins 1991) within both intensive
and extensive peatland sites. Point-count stations were established along a transect
running through the midsection of each peatland site. Because sites varied in size, |
attempted to ensure that the number of points was proportional to peatland area (i.e.,
more points at larger sites). For peatlands >100-ha, the number of points was limited to
nine to ensure that all points within a site could be surveyed during one visit (Bub and
Werner 2004). Stations were located >250-m apart in forested peatlands and >300-m
apart in open peatlands to ensure independence of detections among points (Ralph et al.
1995, Howe et al. 1997a). Point-count stations were established >125-m from habitat
edges (i.e., the mapped boundaries of each site) to minimize detection of birds associated
with non-peatland habitat types (Howe et al. 1997a).

Unlimited-radius point counts were conducted at each station for 10 minutes from
0400 to 0930 Central Daylight Time. Point count surveys were conducted from late May
to mid-July between 2004 and 2007. This start date minimized detection of non-breeding

migrant species (i.e., transients). Unlimited-radius counts were used because differences



in vegetation among sites make judgment of exact distances difficult (Ralph et al. 1995).
To minimize potential effects of seasonal variation in bird activity, intensive sites were
surveyed in reverse order during the second visit. Because multiple individuals surveyed
point counts, observers were rotated among intensive sites to minimize observer bias.
Each year, a different set of <50 extensive sites, which were randomly selected by the
WDNR, were surveyed once. Thus, point-count stations within extensive sites were only
surveyed once during the study (Bibby et al. 1992, Ralph et al. 1995). Surveys were not
conducted during periods of rain, heavy fog, or high winds (i.e., Beaufort >3; Table 1)
because these conditions are known to decrease detectability of birds. Wind code (Table
1), sky code (Table 2), and temperature (°C) were recorded at each point-count station
prior to initiating a survey.

Species and sex (if known) of all birds heard or seen during counts were recorded.
Counts were recorded within three intervals (0-3 min, 3-5 min, 5-10 min) during which
each bird was first detected. Birds that flew over the point during surveys (i.e.,
“flyovers”) or were detected before and after the 10-min period were recorded separately.
Although exact distances to each bird could not be measured, horizontal detection
distances from the point center to each bird were mapped in classes. Within forested
(closed-canopy) peatlands, bird distances were mapped at either 0-50 m or >50 m.
Distances to birds in open habitats are easier to estimate (Ralph et al. 1995, Howe et al.
1997a), so bird detections at these sites were mapped at either 0-50 m, 50-100 m, or >100

m.



Habitat Sampling

I sampled vegetation surrounding each point-count station following methods
previously established by the WDNR for the multi-taxa peatland study (Table 3).
Vegetation was surveyed at each point within intensive sites once per season in 2004,
2006, and 2007. Extensive sites were surveyed only once during the study, so vegetation
at these sites was surveyed immediately after bird surveys. The point-centered quarter
method (Cottam and Curtis 1956) was used to estimate tree species composition, size,
and density (Krebs 1989) at each point-count station. At each point, species, diameter at
breast height (dbh; cm), height (measured with a clinometer; m), and distance (m) of the
nearest >7.5-cm tree in each quarter was measured. Within open peatlands, N/A was
recorded for each quadrant in which no trees were encountered within 50 m of the point
center.

Habitat characteristics were measured using several different methods previously
established by the WDNR. Within a 10-m radius plot surrounding each point-count
station, using visual estimation, percent cover classes (<1%, 2-5%, 6-25%, 26-50%, 51-
75%, 76-95%, 96-100%) of 5 vegetation height strata were recorded: trees (>10 m), trees-
high shrubs (2-10m), low shrubs and high herbs (0.5-2 m), low herbs (0-0.5 m), and moss
(0 m). For tree and tree-high shrub strata, percent cover was recorded separately for total
cover, conifer cover, and broadleaf cover. The number of snags was tallied within each
plot. Ocular estimates of the structural position and relative abundance of tree, shrub,
sub-shrub, and herbaceous plant species were obtained for each plot using structure and
relative abundance codes (CNPS 1998). Structural codes included canopy dominant,

canopy associate, subcanopy-sapling, seedling, shrub dominant, and shrub associate. To



categorize relative abundance, based on visual assessment, a designation of “rare” was
used for species with few individuals, “uncommon” was used for species that were
infrequently encountered, “common’ was used for species that were locally abundant or
frequently encountered, and “abundant” was used for species that were dominant within
their strata in the plot.

Additional Vegetation Sampling in 2007 —To further quantify vegetation
characteristics within intensive and extensive sites, additional vegetation measurements
were recorded at all point-count stations surveyed in 2007. Within the 10-m radius plot,
tree species, tree height, and tree dbh were recorded for three additional randomly-
selected trees in each quarter. The dbh of snags within the 10-m radius plot was also
measured. Percent canopy closure in each plot was estimated with a spherical
densiometer in each cardinal direction and averaged for the plot. I measured ground
cover at the center of the 10-m radius plot with a 1-m* Daubenmire frame (Daubenmire
1959) and recorded the percent cover of herbaceous vegetation, woody ground cover, and
leaf litter. Sapling height was measured with a meter-stick or clinometer for the three
tallest saplings and averaged for the plot. Canopy height was measured with a clinometer
for the three tallest canopy trees and averaged (Moorman and Guynn 2001). Visual
obscurity was measured using a 2.5 x 150-cm cover pole (Robel et al. 1970), marked in
10-cm sections. The pole was placed in the center of the plot and the total number of
sections >75% obscured from each cardinal direction was recorded, measured at eye
level. The mean of the four readings was used to estimate percent shrub obscurity for

each plot. Using GIS, I determined the total area (ha) of each peatland site. I traced the
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edge of peatland sites from digital orthophotos and calculated the total area (ha) of the
peatland.
Data Analyses

Prior to data analysis, bird point-count and habitat data was tested for significant
year effects between 2004 and 2007 using analysis of variance (ANOVA) and t-tests.
Overall, no significant year effects were found in the data and therefore bird relative
abundance and habitat variables were averaged within each site and then across all years.
Modeling and analysis overview. 1 grouped bird species into 3 habitat-use guilds (forest,
open-shrub, peatland-dependent) and 3 migratory guilds (residents, short-distance
migrants, neotropical migrants) (Robbins 1991, Calmé et al. 2002, Cutright et al. 2006)
for analysis. Bird species present at >5% (e.g., Bulin 2005, Lachance et al. 2005, Heltzel
and Leberg 2006) of bird survey stations were selected for individual analyses (n = 42).
Flyovers and birds detected before and after the 10-min sampling period at each point
were excluded from analyses to avoid double-counting individuals.

For analyses, I combined data that I collected during 2006-2007 with those
previously collected by WDNR during 2004-2005. T used three analytical methods to
model bird habitat relationships: canonical correspondence analysis (CCA; Ter Braak
1986, McGarigal et al. 2000), stepwise logistic regression (Nur et al. 1999), and stepwise
linear regression (Nur et al. 1999). Dependent variables included average bird relative
abundance, presence by species per site stratified by habitat association and migratory
strategy, and relative abundances of selected species that were near the edge of their
distribution range (Cutright et al. 2006). Prior to analyses, square-root transformations of

point-count data were used to normalize distributions. I included area in all datasets to
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account for variation in peatland size. Because of different sampling intensities (i.e.,
years, number of point-count surveys per year) within intensive and extensive sites, I
modeled data from these sites separately. The full set of habitat variables, including
those measured in 2007, was used in analyses of intensive sites. However, because a
different set of extensive sites was visited each year, I also analyzed the 2007 extensive
sites separately to determine if differences in results related to additional habitat variables
measured in 2007. Species that may be of conservation concern in Wisconsin because
they are currently at the edge of their distribution range were analyzed using the dataset
of all extensive sites because of the larger sample size. Stepwise linear and stepwise
logistic regressions were performed using SAS software (SAS Institute, Cary, NC).
Canonical Corresondence Analysis (CCA). 1used canonical correspondence analysis
(CCA; Ter Braak 1986, 1988, McGarigal et al. 2000) to examine relationships between
peatland bird communities and environmental variables. This method has been widely
used to relate avian communities to ecological gradients (e.g., Bolger et al. 1997, Calmé
and Desrochers 2000, MacFaden and Capen 2002). The CCA is a multivariate direct
ordination technique that is useful for summarizing divergent associations of members of
a community to specific environmental variables. Species are ordered on axes
constrained to be linear combinations of the independent variables, and CCA assumes a
unimodal relationship between speciesaverage relative abundance and relevant
environmental variables (Ter Braak 1986). This method creates synthetic variables
(axes) that maximally separate (ordinate) unimodal distributions of species. If species
abundance is related to environmental variables measured and species differ in their

response to these variables, then CCA can order their distributions along the axes created
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from these variables. Eigenvalues associated with each axis give a relative indication of
the ability of the axis to separate species distributions.

I used CCA to ordinate species average relative abundance at each site using
environmental variables described above. Bird species data were square-root
transformed as described above. I used CCA for bird species that were detected at >5%
of point count stations and for each habitat-association and migratory strategy guild.
Ideally, rare species would be examined in gradient analysis, but these species tend to
obscure community patterns (Ter Braak 1986, MacFaden and Capen 2002).

CCA is robust to multicollinearity in environmental data. It may be
disadvantageous to eliminate correlated variables prior to analyses because redundancy in
environmental data may average out measurement errors (Palmer 1993). However, |
performed limited variable reduction by examining Variance Inflation Factors (VIF) for
each environmental variable in a CCA because initial data analysis produced models with
seemingly large number of variables. A VIF >20 indicates that a variable is highly
correlated with other variables and does not provide a unique contribution to the
ordination (Ter Braak 1988). For each CCA, I eliminated variables from analyses if their
VIF was >20, and re-ran the CCA with the revised set of variables.

I used biplots of species and environmental scores from each CCA to interpret
relationships between species and environmental variables. For each CCA run, tests of
significance of the first canonical axis and all canonical axes were made using Monte
Carlo tests with 99 permutations (o= 0.01). The significance test for the first axis is
particularly important because this axis explains the highest proportion of variation in the

data and is usually one of two axes shown in an ordination diagram (Ter Braak 1988). If
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an ordination biplot was unclear or significance tests indicate that ordination axes were
not significant, additional variables were removed to improve results of CCA runs
(MacFaden and Capen 2002). I used the program CANOCO (Ter Braak 1988) for all
CCA analyses.

The first run of the CCA using intensive sites bird and habitat data produced high
cumulative percentages of variance of species-environment relationship, but the first
canonical axis and all canonical axes were not significant according to Monte Carlo tests
(p=1.0) and many habitat variables were redundant (VIF > 20). The dataset was then
analyzed using CCA with automatic forward selection and the best explanatory variables
were used in all subsequent runs of intensive sites. Explanatory variables used in
subsequent runs were PCTT, PCTB, PCSB, SDBH, OBSC, BA, and SAPH (Table 3).
Additional CCA runs were performed for each of the six habitat and migratory guilds.
Stepwise Logistic and Linear Regression. 1 used stepwise selection with multiple logistic
and linear logistic regression in SAS (PROC REG, PROC LOGISTIC,
SELECTION=STEPWISE; SAS Institute, Cary, NC) to create explanatory models for 42
bird species detected at >5% of point count stations. I also used forward stepwise logistic
regression (PROC LOGISTIC, SELECTION=FORWARD) for intensive site data
because of difficulties analyzing data using stepwise regression in SAS. Transformed
average relative abundance of each species at each site was used as the dependent
variable in stepwise linear regressions. Presence of each bird species at each site was
used as the dependent variable in stepwise and forward stepwise logistic regressions.
Models were created separately for each bird species at intensive sites and extensive sites.

Prior to model specification, I examined correlations among habitat variables, and the
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most easily measured variable (i.e., most likely to be measured during peatland
inventories) of a correlated pair (Spearman’s r* >0.70) was retained. In stepwise linear
regressions, remaining variables were entered using SLENTRY=0.15 and were retained
using SLSTAY=0.05 so retained variables were most explanatory. Few models were
created for stepwise forward logistic regression with default values because of the nature
of the data, specifically, species that were observed at all or nearly all sites in the dataset
as well as the distribution of the habitat variable measurements at each site. To resolve
this problem, I used SLENTRY=0.15 and SLSTAY=0.15 to enter and retain variables,

respectively.

RESULTS

Over a four-year period, 15,054 individuals were detected of 138 different species
(Appendix A) during 188 census visits to 88 peatland sites. Species richness within
peatlands ranged from 9 to 45 species/peatland. The most common species was the
common yellowthroat, followed by Nashville warblers, white-throated sparrows, red-
winged blackbirds, and blue jays (Appendix A).

Canonical Correspondence Analysis

Intensive Sites. Habitat variables explained most variation in bird community structure

within peatlands of Wisconsin. These results were significant according to Monte Carlo
tests (Table 4). Among individual habitat guilds, a large amount of variation in resident
bird relative abundance was explained (Table 5), and residents were typically positively
associated with snags and snag diameter (Table 3, Fig. 4). Variation in short-distance

migrants was largely explained with CCA (Table 5) and this guild was positively
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correlated with percent cover of broadleaf trees (Table 3, Fig. 4). Neotropical migrants
had less variation explained (Table 5), however, birds in this guild were negatively
correlated with snag diameter, percent cover of broadleaf trees, and sapling height (Table
3, Fig. 4). Open-shrub birds had even less variance explained (Table 5), but were
positively correlated with percent cover of low shrubs to high herbs, leaf litter, and
percent cover of high shrubs (Table 3, Fig. 4). Forest birds had almost 75% variation
explained by CCA (Table 5) and were positively correlated with percent cover of trees
and basal area (Table 3, Fig. 4). A large amount of variation in peatland-associated bird
relative abundance was explained (Table 5) and negatively correlated with vertical cover,
sapling height, and percent cover of broadleaf trees (Table 3, Fig. 4).

All Extensive Sites Combined (2004-2007). Results including all extensive sites were
similar to those from 2007 alone (see below). Much of the variance of average relative
abundance of all bird species at extensive sites was explained by CCA (Table 4).
Variation in resident birds was largely explained by four canonical axes (Table 6) and
were positively correlated with percent cover of high shrubs and tree density (Table 3,
Fig. 5). As with previous analyses, short-distance migrants produced the highest
explanation of variance, and showed negative association with percent cover of broadleaf
trees (Table 3, Fig. 5). Neotropical migrants had less variance explained by CCA
compared to other guilds (Table 6), but were positively correlated with peatland area,
percent cover of broadleaf trees, and percent cover of conifer trees (Table 3, Fig. 5).
Open-shrub species had an amount of variation similar to neotropical migrants explained
(Table 5), and were positively associated with percent cover of low shrubs to high herbs

and percent cover of shrubs (Table 3, Fig. 5). Similarly, forest birds had 75% of variance
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explained in four canonical axes (Table 5), and were positively associated with percent
cover of shrubs and percent cover of low herbs (Table 3, Fig. 5). Peatland-associates also
produced strong explanatory results (Table 5) and were positively correlated with moss
ground cover, percent cover of broadleaf shrubs, and percent cover of broadleaf trees
(Table 3, Fig. 5).

2007 Extensive Sites. The initial CCA of 2007 extensive sites produced strong
explanatory. Much of the variation in average relative abundance of all bird species in
2007 extensive sites was explained (Table 4). Resident birds had lower amount of
variation explained by CCA than other guilds (Table 5), but were positively associated
with percent cover of all trees and peatland area (Table 3, Fig. 6). Short-distance
migrants had the most variation explained (Table 5), and were negatively associated with
percent cover of coniferous high shrubs, percent cover of conifer trees, and percent cover
of broadleaved high shrubs (Table 3, Fig. 6). Little variation of average relative
abundance of neotropical migrants at 2007 extensive sites was explained by CCA (Table
5), but species in this guild were positively associated with percent cover of low shrubs to
high herbs and percent cover of broadleaf trees (Table 3, Fig. 6). Open-shrub species had
similar amounts of variance explained (Table 5), but were negatively associated with
percent cover of low shrubs to high herbs, percent cover of broadleaf trees, and canopy
height (Table 3, Fig. 6). Forest birds also had a low amount of variation explained by
CCA (Table 5), but were positively correlated with basal area, percent canopy closure,
snags, and percent cover of high shrubs (Table 3, Fig. 6). In contrast, peatland-associates

performed strongly with much variance explained by the first four canonical axes (Table
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5), and were negatively associated with peatland area, moss ground cover, and woody
ground cover (Table 3, Fig. 6).
Species currently at the edge of their distribution range. Species currently at the edge of
their distributional range in Wisconsin (Table 6) were analyzed with data collected at all
extensive sites from 2004 to 2007. Slightly more than half of variation in average
relative abundance was explained within the first two canonical axes (Table 7). In
particular, blue-winged warblers were negatively correlated with increasing peatland area
, whereas mourning warblers were negatively influenced by percent cover of conifer trees
(Table 3, Fig. 7). Swainson’s thrushes exhibited a negative correlation with peatland area
(Table 3, Fig. 7). Yellow-bellied flycatchers had a negative correlation with several
variables including snags, percent cover of low herbs, and percent cover of low shrubs to
high herbs (Table 3, Fig. 7).
Stepwise Logistic and Linear Regression Modeling

At intensive sites, the probability of occurrence of many species was associated
with shrub and conifer habitat features. In general, forest guild species were negatively
associated with percent cover of conifer trees and positively associated with percent
cover of conifer shrubs (Table 8). Similarly, open-shrub birds were negatively associated
with snag diameter and basal area (Table 8). Presence of birds in the forested peatland
guild was typically associated with conifer habitat features including percent cover of
conifer shrubs and percent cover of conifer trees (Table 8).

Among all extensive sites (2004-2007), the probability of occurrence of forest
birds was positively associated with percent cover of trees and tree density, but

negatively associated with percent cover of low shrubs to high herbs (Table 9). Presence
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of open-shrub birds (e.g., sedge wrens) was generally negatively associated with percent
cover of conifer trees but positively associated with peatland area and percent cover of
low shrubs to high herbs (Table 9). In many of the models for forested-peatland
associates, species presence was positively associated with percent cover of conifer trees,
percent cover of low herbs, and snags, and negatively associated with percent cover of
broadleaf shrubs (Table 9). Presence of open-shrub peatland birds generally was
positively associated with peatland area and negatively with snags (Table 9). Peatland
area was positively correlated with the presence of nine species and negatively correlated
with the presence of two species (brown-headed cowbird, ovenbird) (Tables 8-10).

Stepwise logistic models for 2007 extensive sites indicated significant variation
with respect to variables included for individual species within habitat guilds. Models for
presence of forest birds generally indicated positive associations with percent cover of
trees, percent cover of broadleaf shrubs and percent cover of low herbs (Table 10).
Open-shrub bird presence was generally negatively associated with snags, tree density,
and percent cover of trees in all three categories (total, broadleaf, and conifer; Table 10).
Presence of forested-peatland species (e.g., hermit thrushes) generally was negatively
associated with percent cover of low shrubs to high herbs and tree density, and positively
correlated with snag diameter (Table 10). At the 2007 extensive sites, presence of open-
shrub peatland-associated birds was generally positively associated with peatland area,
vertical cover, and negatively associated with percent canopy closure (Table 10).

At intensive sites, average relative abundance of many forest-associated bird
species was positively correlated with conifer shrubs and snag diameter (Table 11).

Models of average relative abundance of open-shrub species (e.g, sedge wrens) generally
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included negative associations with basal area, snag diameter, and percent cover of
conifer shrubs (Table 11). In contrast, forested-peatland birds exhibited few general
trends with regard to habitat relationships.

Stepwise linear regression of data from all extensive sites (2004-2007) produced
models with shrubs, low herbs, and trees as important microhabitat components (Table
12). Average relative abundance of several species, including blue-winged warblers,
common yellowthroats, and palm warblers was positively correlated with peatland area
(Table 12). Generally, average relative abundance of forest birds (e.g., red-eyed vireos)
was negatively associated with percent cover of low shrubs to high herbs, and positively
associated with percent cover of low herbs and percent cover of trees (Table 12). At all
extensive sites, average relative abundance of open-shrub species (e.g., yellow warblers)
was typically positively related to percent cover of low shrubs to high herbs and
negatively related to percent cover of conifer trees (Table 12). Average relative
abundance of forested peatland-associated birds was positively related to percent cover of
conifer trees and snags (Table 12). Average relative abundance of open-shrub peatland
species (e.g., common yellowthroats) was generally negatively related to percent cover of
trees and positively related to peatland area and percent cover of low shrubs to high herbs
(Table 12).

Vertical cover and canopy closure, measured only in 2007, were included in
stepwise linear regression models of 2007 extensive sites. Forest bird average relative
abundance at 2007 extensive sites generally were negatively associated with vertical
cover and percent cover of low shrubs to high herbs (Table 13). Vertical obscurity was

positively related to average relative abundance of open-shrub species (Table 13).
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Average relative abundance of forested peatland species (e.g., yellow-shafted flickers)
generally were positively related to percent cover of low herbs and canopy (Table 13).
Average relative abundance of open-shrub peatland species (e.g., Lincoln’s sparrows)
was generally positively associated with peatland area and woody ground cover but
negatively associated with canopy closure (Table 13).

Stepwise logistic and linear regression models were produced for most of the 18
species currently at the edge of their distribution range (Table 6). Models were not
created for two species using stepwise linear regression (Le Conte’s Sparrow and olive-
sided flycatcher) or for two species using stepwise logistic regression (olive-sided
flycatcher and Swainson’s Thrush) because none of the variables measured met the
requirements for inclusion in stepwise regression models. Variables representing shrub
and tree microhabitat characteristics were commonly included in models created for the

other 16 species (Tables 14 and 15).

DISCUSSION

Peatland Bird-Habitat Relationships

My research is among the first quantitative assessments of factors potentially
influencing the distribution and abundance of peatland birds in the Great Lakes Region of
the United States. Significant correlations of bird species with individual habitat
variables were generally consistent with what is known about these species’ general
cover type associations in the state and region (Howe et al. 1997b, Cutright et al. 2006).
Additionally, variation in important habitat variables among habitat and migratory guilds

of peatland birds generally supports previous groupings of these species (Robbins 1991,
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Calmé et al. 2002, Cutright et al. 2006) and highlights their often unique ecological
requirements.

Overall, the results of habitat relationship modeling for peatland birds were
surprisingly congruent between intensive and extensive sites given the differences in site
selection methodology, spatial resolution, and sampling intensity. However, I found that
analyses of intensive and extensive sites produced somewhat different suites of habitat
variables for some species and guilds. Further, models of peatland bird habitat
relationships from intensive sites tended to explain a larger percentage of variation in
species presence and abundance. Repeated visits to intensive sites may be beneficial for
long-term studies of presence and abundance of individual species, but results from
single visits to extensive sites appeared to be sufficiently similar to those from intensive
sites for adequately explaining bird habitat relationships in peatlands of Wisconsin.

Multiple habitat variables were shown to influence peatland bird presence and
relative abundance in my research. Similarly, previous research has demonstrated that a
variety of factors influence avian diversity and abundance, with responses to habitat
characteristics often species specific (Marzluff and Sallabanks 1998). In both terrestrial
and wetland landscapes, the distribution of particular microhabitats like treefall openings
in forests (e.g., Terborgh et al. 1990), rocky outcrops in shrub-steppe habitats (e.g.,
Wiens and Rotenberry 1981), percent cover of forest canopy (Wiens and Rotenberry
1981, Lachance et al. 2005), tree species diversity (e.g., James and Wamer 1982), shrub
structural diversity (Riffell et al. 2001), and the distribution of specific plant taxa (e.g.,
Rice et al. 1984) all have been correlated with variation in the presence or abundance of

individual bird species.
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I found that bird species previously documented to be associated with forest cover
types in both upland and wetland habitats of the Great Lakes region (Howe et al. 1997b,
Cutright et al. 2006) were also positively correlated with forest habitat characteristics of
peatlands in Wisconsin. Similar results have been documented for forest-associated birds
in peatlands of Quebec (Lachance et al. 2005) and terrestrial (Ross et al. 2001) and
riparian forests (Hanowski et al. 2005), whereas other species may be negatively
correlated or unrelated with forest canopy cover and basal area (Ross et al. 2001, Loehle
et al. 2005). High avian diversity within mixed conifer-deciduous forests has been
previously documented in a wide variety of landscapes (e.g., Johnston and Odum 1956,
Kerpez and Stauffer 1989, Hagan et al. 1997). Abundance of forest-associated birds also
was related to the presence of specific cover types within peatlands. For example, the
abundance of rose-breasted grosbeaks within peatlands was positively correlated with
patches of deciduous trees containing abundant saplings and low herbaceous vegetation,
similar to habitat relationships previously reported by Smith et al. (2007).

As expected, models for species generally associated with open-shrub cover types
(e.g., alder flycatchers, common yellowthroats, American goldfinches, golden-winged
warblers, Lincoln’s sparrows, yellow-bellied flycatchers) commonly included specific
habitat characteristics including high amounts of shrub cover but low basal area, smaller
snag diameters, and lower density of trees. My modeling results agree with those from
previous studies in Canadian peatlands (Lachance et al. 2005), Great Lakes wet meadows
(Riftell et al. 2001), and other habitat types (e.g., Murkin et al. 1997, Klaus and Buehler
2001, Renfrew and Ribic 2008). For example, within coastal wet meadows of the Great

Lakes region, higher richness and abundance of wetland birds were generally associated
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with more robust and dense grass and sedge vegetation, structural diversity in the
horizontal and vertical planes, and increased frequency of shrubs (Riffell et al. 2001).

Characteristic nesting and breeding habitat features included in the models for
most neotropical migrants in my study, including snag diameter, percent cover of
deciduous trees, and sapling height, correspond with previously documented habitat
relationships for these species. Habitat patches with lower tree basal areas and increased
vegetation cover 1-2-m in height are typically occupied by neotropical migrants (Bisson
and Stutchbury 2001). Some neotropical species observed in this study share these
general habitat preference characteristics, such as alder flycatchers, common
yellowthroats, savannah sparrows, and red-winged blackbirds. In this study and others
(e.g., Keller et al. 2003, Estrada and Coates-Estrada 2005), the most important factors
related to high richness and abundance of neotropical migrant species are the height and
structural diversity of foliage.

Species considered residents in Wisconsin typically vary in their habitat
preferences. Species in this guild include American goldfinches, black-capped
chickadees, blue jays, golden-crowned kinglets, northern cardinals and red-breasted
nuthatches. My logistic and linear modeling results for these species were similar and
also in agreement with the results of previous research. For example, blue jays typically
prefer hardwood and mixed forests (Cutright et al. 2006) and in this study they were
positively associated with percent cover of trees and conifer trees. Chickadees typically
use moss to line these nest cavities (Smith 1993). Accordingly, I found that black-capped
chickadee average relative abundance and presence were positively related to both snag

diameter and moss ground cover. Another Wisconsin resident, the golden-crowned
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kinglet, often nests high in conifer trees (Ingold and Galati 1997). Models for this
species included positive correlations with percent cover of conifer trees and canopy
height.

Modeling results for short-distance migrants in this study were also similar to
previous research. Species in this migratory guild, including American robins, brown-
headed cowbirds, red-breasted nuthatches, and winter wrens, demonstrate a strong
affinity for mixed-conifer forests with diverse vegetation structure for foraging (Adams
and Morrison 1993). In my study, variables associated with the presence and average
relative abundance of short-distance migrants within peatlands included percent cover of
conifer trees, percent cover of conifer shrubs, vertical cover, and percent cover of low
shrubs to high herbs, which correspond with previous research from other regions
demonstrating that short-distance migrants generally use a greater proportion of early-
successional habitats and younger forests than long-distance migrants or residents (Kirk
et al. 1996, Hagan et al. 1997).

Species previously identified as peatland associates (Gauthier and Aubry 1995,
Cutright et al. 2006) that were present at my study sites included palm warblers,
Nashville warblers, yellow-bellied flycatchers, common yellowthroats, Lincoln’s
sparrows, and savannah sparrows. Among these species, the palm warbler is considered
most strongly and perhaps exclusively associated with peatlands, at least in temperate
regions where upland coniferous forests are scarce (Desrochers 2001, Lachance et al.
2005). This species is associated with small copses of black spruce surrounded by open
areas, an ecotone with intermediate canopy cover (Lachance et al. 2005). Palm warblers

typically nest on the ground but use trees within the copse for singing and surveillance
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(Welsh 1971). Therefore, shrub and sphagnum moss cover, dominant habitat
characteristics within peatlands, were primary factors correlated with the presence and
average relative abundance of palm warblers and other peatland-associated species.

Recent research investigating patterns of avian distribution and abundance within
the peatlands of Quebec has suggested that bird richness increases with habitat
heterogeneity (Gauthier and Aubry 1995, Calmé and Desrochers 2000, Lachance et al.
2005), with avian diversity highest in peatlands exhibiting an interspersion of forested
and open/shrub patches (Lachance et al. 2005). In particular, the ecotones between
forested and open patches appear linked to the presence of several species, including
palm warblers, common yellowthroats, winter wrens, and Lincoln’s sparrows within
Canadian peatlands (Gauthier and Aubry 1995, Lachance et al. 2005). Most of the
models for peatland-associated birds in my study included a variety of vegetation
structural attributes, especially those for Lincoln’s sparrows and savannah sparrows,
supporting the contention that spatial heterogeneity in both macrohabitats (i.e., open
versus forested patches) and microhabitat structure is a critical factor influencing avian
diversity within peatlands (Calmé and Desrochers 2000, Lachance et al. 2005). In fact,
regardless of region or ecosystem type, foliage height diversity and spatial heterogeneity
of habitat patches appear to be among the most important factors influencing avian
distribution and abundance (Steele 1992, Keller et al. 2003, Estrada and Coates-Estrada
2005).

Species currently at the edge of their range could potentially be among the first to
exhibit changes in their distribution or abundance as a result of habitat perturbation

(Valiela and Bown 2003). In my study area, species in this category included alder
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flycatchers, black-throated green warblers, blue-winged warblers, Lincoln’s sparrows,
and veerys. Presence of alder flycatchers was positively correlated with the percent cover
of shrubs, which agrees with previously published habitat associations of this species
(Cutright et al. 2006). Black-throated green warblers typically use hardwood and mixed-
hardwood forests, but coniferous trees are important for territory and nest locations
(Morse 1993, Robichaud and Villard 1999). In this study, black-throated green warblers
demonstrated a strong affinity for habitats with a high percent cover of trees. An open-
shrub species in this group, the blue-winged warbler, is associated with early- to mid-
successional habitats with brushy shrub components (Cutright et al. 2006). Likewise, I
found that the presence and abundance of blue-winged warblers was positively associated
with increasing percent cover of low herbs.

In this study, the presence or abundance of several bird species was positively
correlated with increasing peatland area. In contrast, only 2 of 21 species of birds
breeding in peatlands of Quebec, palm warblers and upland sandpipers, were positively
correlated with peatland area as reported by Calmé and Desrochers (2000). Among open-
shrubland species, I found that blue-winged warblers, Sandhill cranes, and yellow
warblers were more abundant as peatland area increased. Previous studies in Wisconsin
and elsewhere showed that several species of upland grassland birds were present in
larger numbers within larger openings (Winter et al. 2006, Renfrew and Ribic 2008). I
also found that the presence of sedge wrens was more likely in larger than in smaller
peatlands. Similarly, a positive relationship between sedge wren occurrence and

increasing size of Great Lakes wet meadows has been reported (Riffell et al. 2001).
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Increasing peatland area also was positively correlated with the abundance of
several peatland-associated species in Wisconsin, including common yellowthroats,
Lincoln’s sparrows, palm warblers, and yellow-shafted flickers. Similar area
relationships have been reported for these species in Quebec peatlands (Calmé and
Desrochers 2000), prairie potholes (Fairbairn and Dinsmore 2001), isolated depressional
wetlands (Riffell et al. 2006), and Peruvian bogs (Telleria et al. 2006). Likewise, I found
positive area relationships for several neotropical migrant species, including blue-winged
warblers, common yellowthroats, eastern wood-pewees, Lincoln’s sparrows, palm
warblers, and sandhill cranes. The area sensitivity of these and other species of
neotropical migratory birds is well documented (e.g., Brown and Dinsmore 1986,
Robbins et al. 1989, Vickery et al. 1994, Brenner and Berad 1998, Edwards and Otis
1999, Fauth et al. 2000). Larger forest tracts appear to be sources in which surpluses of
offspring are produced and can potentially colonize new fragments including areas where
reproduction fails to balance adult mortality (Fauth et al. 2000). Smaller patch sizes
resulting from upland forest fragmentation negatively affect neotropical migrants via
higher rates of brood parasitism from edge species such as brown-headed cowbirds and
increased predation near forest edges (Gentry et al. 2006). Accordingly, in my study, the
abundance of brown-headed cowbirds was negatively correlated with peatland area,
suggesting that this species was associated with smaller peatland fragments exhibiting
higher edge-area ratios (Robbins et al. 1989, Riffell et al. 2001).

However, Riffell et al. (2001) identify several problems associated with
interpreting area sensitivity of wetland birds. First, many wetland birds also breed in

terrestrial habitats where studies of area-sensitivity are more common (e.g., common
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yellowthroats in forest gaps [Robbins et al. 1989]), and species that are insensitive to area
in terrestrial habitats may be sensitive in wetland habitats and vice versa. Also, area-
sensitivity may be apparent in regions of low or moderate breeding densities (i.e., near
the fringes of a species’ range) but not be apparent in regions of high density where even
smaller, lower quality habitat patches are occupied by breeding individuals. Area-
sensitive species observed in this study that are currently near the edge of their range
include blue-winged warblers, Lincoln’s sparrows, mourning warblers, and palm
warblers. Third, birds in naturally fragmented landscapes may not be as sensitive to
patch area, but these ideas have not been tested in wetland-dominated landscapes (Riffell
et al. 2001).
Relevance to Conservation Planning

Although declines in bird populations are evident in many regions, the extent or
causes of such changes are not obvious (e.g., see Hagan and Johnston 1992, Marzluff and
Sallabanks 1998). Differences in annual variation in abundance between migratory
groups (neotropical and short-distance migrants) have led some to suggest that declines in
abundance of long-distance migrants are tied to events on wintering grounds (e.g.
Robbins et al. 1989) whereas others attribute population declines to breeding ground
effects (e.g. Bohning-Gaese et al. 1993). Part of the disagreement may stem from the
scale at which these studies were conducted (Sauer and Droege 1992). Trends observed
in bird populations at a single study site often differ from trends observed at larger, more
regional scales (Holmes and Sherry 1988, Witham and Hunter 1992). Similarly, changes
observed in one part of a species’ range are not always evident in other regions,

indicating that population trends are not spatially uniform (James et al. 1992). My study
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indicates that peatlands of Wisconsin currently support diverse and abundant bird
assemblages, and these ecosystems contribute significantly to avian diversity within the
Great Lakes region. However, this study represents only a “snapshot” of peatland bird
assemblages. Individual species may alter their habitat selection criteria as wetland
habitat conditions change, often on an annual basis (Riffell et al. 2001). Therefore, long-
term stability of these communities in the region, and critical habitat characteristics, can
only be gauged through long-term monitoring and development of predictive habitat
models involving a range of environmental fluctuations (Gutzwiller and Barrow 2001,
Riffell et al. 2001).

Based on habitat relationships I observed, conservation efforts should focus on
large peatland complexes. Many species in the peatlands I sampled were more abundant
or more likely to occur in large peatlands, so large peatlands would potentially be more
likely to contain the habitat heterogeneity and suite of microhabitat features related to
greater avian diversity (Gauthier and Aubry 1995, Calmé and Desrochers 2000, Lachance
et al. 2005). My results indicate that some of these required habitat features may include
(1) presence and interspersion of both forested and open-shrub patches, (2) diversity in
height and structure of foliage, particularly within a well-developed shrub layer, (3)
presence of both coniferous and deciduous trees in various stages of succession, and (4)
scattered snags and woody ground cover. Management for these features, however, may
come at the expense of others, so active management to promote these features should
also consider possible negative impacts. For example, encouraging tree cover within
peatlands may enhance habitat quality for some species (e.g., hermit thrushes, Nashville

warblers) while simultaneously degrading habitat quality for species that require open
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habitats or forest-opening ecotones (e.g., palm warblers, Lincoln’s sparrows) (Gauthier
and Aubry 1995, Calmé and Desrochers 2000, Lachance et al. 2005). Therefore, a
landscape or regional conservation approach that includes a wide variety of vegetative
cover and structural conditions (Weller and Spatcher 1965, VanRees-Siewert and
Dinsmore 1996) would be most appropriate because habitat requirements vary among
species and can be highly specific (e.g., palm warblers). Management plans that focus on
only one habitat characteristic or that attempt to maintain all habitat features in a single
wetland would most likely fail (Riffell et al. 2001).

Although the habitat relationship models I developed for peatland birds in
Wisconsin generally agree with previously published information on habitat requirements
of these species in the region (Howe et al. 1997b, Cutright et al. 2006) region, many
factors that I did not consider may have an important influence on avian diversity within
peatlands. For example, the degree of urbanization (Friesen et al. 1995), road density
(Forman and Alexander 1998), or other differences in the landscape context (Naugle et
al. 1999) can influence habitat selection and distribution of birds in wetlands (Riffell et
al. 2001). Although intensive sites in my study are protected from development and
disturbance by Wisconsin’s state natural area program, most peatlands within the state,
including most of the extensive sites I studied, are imbedded within a matrix of private
lands that are potentially subject to timber harvest, conversion for agriculture, and other
anthropogenic disturbances. Afforestation (increase in tree cover) is among the primary
vegetative changes recently observed in North American peatlands, most likely in

response to wetland drainage (Lachance et al. 2005). These and other anthropogenic
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disturbances may significantly alter the future vegetative structure of peatlands, and
therefore their associated avian communities.

In addition to direct anthropogenic alteration, peatland ecosystems and associated
biological diversity may be at risk of changes or loss from climate change (Weltzin et al.
2003). The actual effects of climate change on peatlands via increased carbon dioxide
and increased variance in temperature and precipitation are currently unknown but
potentially include increased densities of shrub cover and decreased amounts of
graminoid species (Weltzin et al. 2003). These or other changes in the vegetative
composition and structure of peatlands certainly could be expected to alter the
distributions and habitat relationships of peatland-associated birds (Lachance et al. 2005).
How avian communities within peatlands and other ecosystems will react or adapt to
such changes is difficult to predict, as responses are expected to be complex and often
species-specific (Root and Schneider 1993). Species that are currently at the edge of
their distributional range may be among the first to exhibit changes in their populations as
a result of climate change. Predicting avian responses to climate change requires linking
large-scale models of bird distribution with climate change models (Root and Schneider
1993). The results of my study provide an important baseline from which the Wisconsin
Department of Natural Resources will monitor future changes in peatland bird diversity

as a function of both natural and anthropogenic disturbance.
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Table 1. Beaufort Wind Scale codes used to describe wind conditions for bird surveys in
Wisconsin peatlands, 2004-2007.

B?:;Zrt ph km Description Surroundings

0 <1 <1 Calm Smoke rises vertically

1 1-3 1-5 Light Air Smoke drift shows wind direction

2 4-7 6-11 Light Breeze Leaves rustle, wind felt on face

3 8-12 12-19 Gentle Breeze Leaves, small twigs in constant
motion

4 13-18 20-28 Moderate Breeze  Raises dust, leaves, small branches
in motion

5 19-24 23-38 Fresh Breeze Small trees in leaf sway

6 25-31 39-49 Strong Breeze Larger branches in motion

7 32-38 50-61 Moderate Gale Whole trees in motion

8 39-46 62-74  Fresh Gale Walking impeded, broken branches

9 > 47 > 75 Strong Gale
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Table 2. List of sky codes used to describe weather conditions for bird surveys in
Wisconsin peatlands, 2004-2007.

Sky Description Cloud Cover

0 Clear 0-15%

1 Partly cloudy 16-50%
2 Mostly cloudy 51-75%
3 Overcast 76-100%
4 Wind-driven sand, dust, -

5 Fog or haze -

6 Drizzle -

7 Rain -

8 Snow -

9 Thunderstorm, w or w/out -




Table 3. List of variables measured in vegetation surveys in Wisconsin peatlands, 2004-

2007.
Variable Units Abbreviation Description
Overstory
canopy % PCAN Canopy closure of overstory trees
Basal area sq m/ha BA Basal area of plot
DBH cm Diameter Breast Height of tree in plot
Tree Height | m Height of tree in plot
Snag
abundance # SNAG number of snags within 10-m radius
Snag
diameter Cm SDBH Diameter Breast Height of snags in plot
PCTT Absolute percent cover of strata: tree (total)
PCTC Absolute percent cover of strata: tree (conifer)
Absolute percent cover of strata: tree
PCTB (broadleaf)
Absolute percent cover of strata: shrubs
Absolute PCST (total)
P Absolute percent cover of strata: shubs
ercent X
Cover PCSC (conifer)
Absolute percent cover of strata: shrubs
PCSB (broadleaf)
Absolute percent cover of strata: low
PCHH shrubs/high herbs
PCLH Absolute percent cover of strata: low herbs
% MOSS Absolute percent cover of strata: moss
Structural CD Canopy dominant
Position (of CA Canopy associate
tree, shrub, SC/SA Sub-canopy/Sapling
sub-shrub, SD Seedling
and DS Dominant shrub
herbaceous
plants) AS Associate shrub
1,2, 3, Rare (1), Uncommon (2), Common (3),
Abundance |4 Abundant (4)
Distance m Distance to nearest >7.5cm tree
Ground HERB Cover of herbaceous vegetation
cover WOOD Cover of woody ground cover
% LEAF Cover of leaf litter
Sapling
height m SAPH Average height of 3 tallest saplings per plot
Canopy
height m CANH Height of overstory canopy
Vertical
cover % OBSC Index of understory vegetation structure
Peatland
Area ha AREA Total size of peatland area
Temperature | °C Air temperature
PCQ trees/ac PDEN Average PCQ density per site
Density
PCQ BA/ac PDOM Average PCQ dominance per site

Dominance




47

Table 4. Cumulative percentage of variance of species-environment relationship for
canonical correspondence analysis ordinations based on a subset of birds (species
detected at >5% of survey stations) by site types in Wisconsin peatlands, 2004 — 2007.

Cumulative % Variance Monte | Monte
Of Species-Environment Carlo | Carlo
Relation Testp | Testp | Total
Dataset No.” : ™ All | Inertia
Ax"1 | Ax.2 | Ax.3 | Ax. 4 Axis Axes CCA
2007 2 | 708 | 839 | 95.1 | 99.6 | 0.0100 | 0.0100 | 0.066
Extensive
All Extensive 13 69.3 89.0 97.5 99.8 |0.0100 | 0.0100 | 0.076
Intensive 7 74.7 93.7 97.4 99.8 | 0.0100 | 0.0100 | 0.018

* Number of habitat variables included in the ordination.
+ CCA ordination axis
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Table 5. Cumulative percentage of variance of species-environment relationship for

canonical correspondence analysis ordinations based on a subset of birds (species

detected at >5% of survey stations) by migratory and habitat groups at intensive and

extensive sites in Wisconsin

peatlands, 2004 — 2007.

Cumulative % Variance Monte | Monte
Of Species-Environment Carlo | Carlo
. Relation TesE p | Testp | Total
Dataset No. 1° All | Inertia
Ax'1 | Ax.2 | Ax.3 | Ax. 4 Axis Axes | CCA

Intensive Sites
Neotropical migrants | 7 499 | 70.0 | 814 | 89.7 |0.0100 | 0.0100 | 0.302
Short—dlstance 7 R0.4 964 | 100.0 0.0 0.0200 | 0.0800 | 0.339
migrants
Residents 7 66.5 81.3 91.8 | 97.2 |0.3100 | 0.3100 | 0.194
Forest 7 54.1 749 | 84.1 92.2 10.0100 | 0.0100 | 0.236
Open-shrub 7 32.0 60.0 | 80.4 | 88.7 | 0.0800 | 0.0100 | 0.235
Peatland-associated 7 60.7 85.8 | 94.6 | 97.5 |0.0100 | 0.0100 | 0.431
All Species 7 47.3 67.8 | 77.6 | 86.3 |0.0100 | 0.0100 | 0.292
All Extensive Sites
Neotropical migrants | 13 41.8 | 553 | 67.2 | 75.7 [0.0100 | 0.0100 | 1.959
Short-dlstance 13 547 930 | 100.0 | 0.0 0.0800 | 0.0300 | 1.360
migrants
Residents 13 46.0 66.2 82.7 | 93.3 | 0.0100 | 0.0100 | 1.086
Forest 13 39.7 546 | 642 | 73.2 10.0100 | 0.0100 | 1.701
Open-shrub 13 31.0 524 | 66.9 | 75.7 [0.0100 | 0.0100 | 1.666
Peatland-associated 13 52.6 76.1 87.9 92.5 |0.0100 | 0.0100 | 1.409
All Species 13 39.0 53.9 | 64.3 72.7 |10.0100 | 0.0100 | 1.818
2007 Extensive Sites
Neotropical migrants | 22 26.7 | 42.1 54.8 | 63.3 |10.0100 | 0.0100 | 1.809
Short-distance 22 | 585 | 89.6 | 100.0 | 0.0 |0.0500 | 0.0100 | 1.079
migrants
Residents 22 37.8 612 | 77.0 | 89.2 | 0.0100 | 0.0100 | 1.020
Forest 22 284 | 41.3 53.5 | 62.6 |0.0100 | 0.0100 | 1.596
Open-shrub 22 254 | 452 | 60.0 | 68.6 | 0.0100 [ 0.0100 | 1.463
Peatland-associated 22 43.4 65.1 80.9 88.0 [ 0.0100 | 0.0100 | 1.303
All Species 22 25.8 408 | 534 | 60.9 | 0.0100 [0.0100 | 1.656

* Number of habitat variables included in the ordination.

1 CCA ordination axis
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Table 6. Species near the edge of their distribution range, observed in Wisconsin
peatlands, 2004-2007, to be considered for separate analyses.

Alder Flycatcher Olive-sided Flycatcher
Black-throated Green Warbler | Palm Warbler

Blue-gray Gnatcatcher Red-bellied Woodpecker
Blue-headed Vireo Red-breasted Nuthatch
Blue-winged Warbler Swainson’s Thrush
Hermit Thrush Veery

Le Conte’s Sparrow White-throated Sparrow
Lincoln’s Sparrow Yellow-bellied Flycatcher
Mourning Warbler

Nashville Warbler
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Table 7. Cumulative percentage of variance of species-environment relationship for
canonical correspondence analysis ordinations based on a subset of birds (species
currently near the edge of their distribution range) by site types in Wisconsin peatlands,
2004 —2007.

Cumulative % Variance Monte | Monte
Of Species-Environment Carlo | Carlo
. Relation TesE p | Testp | Total
Dataset MOl AR | Ax2 | Ax3 | Axa | | Al e
Intensive Sites 7 30.6 56.2 | 753 | 85.9 ]0.0300 | 0.0100 | 0.621
All Extensive Sites | 13 34.5 532 | 64.7 | 73.2 [0.0100 | 0.0100 | 2.565
2007 Extensive 0.0100 | 0.0100 | 2.593

22 20.4 36.7 | 525 | 64.3

Sites

* Number of habitat variables included in the ordination.
1 CCA ordination axis
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Table 8. Habitat models using forward stepwise logistic regression analyses for 42 bird
species in intensive site peatlands, Wisconsin, 2004-2007 (n = 14) . Habitat variables
entered regressions at P<0.15 and were retained when P<0.15. (+) or (-) indicates the
directions of the relationship between that variable and bird species. Max-rescaled R” is
included in the table.

Species Habitat Model R’

Forest Associated Species
American Crow'

Black-capped Chickadee - PCTC 0.999
Black-throated Green Warbler - PCTC, + PCSB, - PCHH 0.905
Blue-headed Vireo - PCHH, - WOOD 0.999
Blue Jay'

Cedar Waxwing'

Common Raven - PCST, - SNAG, + HERB 0.999
Eastern Wood-Pewee + PCSB, - PCHH 0.997
Great Crested Flycatcher'

Ovenbird + CANH 0.997
Red-breasted Nuthatch - HERB, - WOOD 0.999

Red-eyed Vireo'
Rose-breasted Grosbeak"

Veery -BA 0.999

White-throated Sparrow - SDBH 0.999

Winter Wren + PCSC, + WOOD 0.902

Yellow-bellied Flycatcher + PCSC, + SDBH 0.422

Yellow-rumped Warbler - PCSB, - MOSS 0.999
Open-Shrub Associated Species

Alder Flycatcher -PCLH, - BA, + HERB 0.999

American Goldfinch'
American Robin’

Blue-winged Warbler’ - LEAF 0.999
Brown-headed Cowbird -PCTC, - AREA 0.560
Chipping Sparrow - SDBH 0.999
Eastern Towhee + PCST 0.375
Golden-winged Warbler” + PCTC, - PCHH, - SDBH, - BA 0.999
Mourning Dove'

Red-winged Blackbird -BA 0.999
Sandhill Crane + PCHH, - WOOD 0.999
Sedge Wren - SDBH 0.999
Song Sparrow -BA 0.999
Swamp Sparrow - SDBH 0.999
Yellow Warbler -BA 0.999

Forested Peatland Associated Species

Golden-crowned Kinglet + PCSC, + CANH 0.999
Hermit Thrush + PCTC, - PCST, + PCHH 0.999
Nashville Warbler - SDBH 0.999

Yellow-shafted Flicker”
Open-Shrub Peatland Associated Species

Common Yellowthroat -BA 0.999
Lincoln’s Sparrow - SDBH, - HERB, - WOOD 0.999
Northern Cardinal + PCSB, + PCLH, + CANH 0.918
Palm Warbler - PCSB, + PCSC, - PCAN, + CANH 0.998
Savannah Sparrow - PCSC, + PCLH 0.999

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
T No model created for species because species was detected at all intensive sites
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Table 9. Habitat models using stepwise logistic regression analyses for 42 bird species in
all extensive site peatlands in Wisconsin, 2004-2007 (n = 74). Habitat variables entered
regressions at P<0.15 and retained when P<0.15. (+) or (-) indicates directions of the
relationship between that variable and bird species. Max-rescaled R” is included.

Species Habitat Model R’

Forest Associated Species

American Crow + PCHH, - MOSS 0.245
Black-capped Chickadee + PCTC, + PCSB, - PCLH, + MOSS 0.353
Black-throated Green Warbler + PCTT, - PCHH 0.352
Blue-headed Vireo - PCST, + SNAG, + PDEN 0.393
Blue Jay + PCTT, - PCST 0.261
Cedar Waxwing + PCLH, + SNAGS, + AREA 0.243
Common Raven - PCTB, + PCSB, - PCHH, - PCLH, + PDEN, + AREA 0.462
Eastern Wood-Pewee + PCLH 0.647
Great Crested Flycatcher +PCHH, + PCLH, + SNAG 0.340
Ovenbird +PCLH, - AREA 0.146
Red-breasted Nuthatch + PCTT, - MOSS 0.169
Red-eyed Vireo - PCHH 0.399
Rose-breasted Grosbeak - PCTC, - PCHH, + PCLH 0.372
Veery + PCST, - MOSS, - SNAG 0.369
White-throated Sparrow - PCTT, + PCTC, - PCSB, + SNAG, + PDEN 0.620
Winter Wren + PCTT, - PCHH, + SNAG 0.444
Yellow-bellied Flycatcher -PCTT, + PCTC, - PCHH, + AREA 0.444
Yellow-rumped Warbler -PCTT, + PCTC, - PCHH, + MOSS 0.497
Open-Shrub Associated Species
Alder Flycatcher - PCTC, + PCST, + PCLH 0.166
American Goldfinch - PCHH 0.073
American Robin - PCHH, + PCLH, - MOSS, + PDEN 0.537
Blue-winged Warbler’ + PCLH, + PDEN 0.218
Brown-headed Cowbird + PCHH 0.257
Chipping Sparrow’
Eastern Towhee'
Golden-winged Warbler” +PCTT 0.042
Mourning Dove + PCST, + PCHH, - MOSS 0.376
Red-winged Blackbird + PCHH 0.206
Sandhill Crane + PCST, - PCSB, + PCHH, - PCLH, - SNAG, + PDEN, 0.615
+ AREA
Sedge Wren - PCTC, + AREA 0.291
Song Sparrow -PCTC 0.091
Swamp Sparrow - PCSB, - MOSS, + SNAG 0.188
Yellow Warbler + PCTB, - PCTC, + PCLH, + MOSS, + AREA 0.514
Forested Peatland Associated Species
Golden-crowned Kinglet + PCTC, - PCHH 0.267
Hermit Thrush - PCSB, + PCHH, + PCLH, + SNAG 0.554
Nashville Warbler + PCTC, + PCLH, + SNAG 0.451
Yellow-shafted Flicker - PCSB, - PCHH, + PCLH, + PDEN 0.321
Open-Shrub Peatland Associated Species
Common Yellowthroat - PCTB, - PCTC, + PCST, - PCSB, + PCHH, - MOSS, 0.832
- SNAG, + PDEN, + AREA
Lincoln’s Sparrow + MOSS, + AREA 0.323
Northern Cardinal + PCTT, - PCTB, - PCTC, + PCST, + PCHH, - MOSS 0.519
Palm Warbler - PCHH, + AREA 0.279
Savannah Sparrow - PCTT, + PCTC, - PCST, + PCSB, - SNAG 0.362

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
+ No variables met requirements for inclusion in model using stepwise selection
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Table 10. Habitat models using stepwise logistic regression analyses for 42 bird species in

extensive site peatlands in Wisconsin, 2007 (z = 50). Habitat variables entered regressions at
P<0.15 and were retained when P<0.15. (+) or (-) indicates the directions of the relationship

between that variable and bird species. Max-rescaled R” included.

Species Habitat Model R?
Forest Associated Species
American Crow + PCHH, - AREA 0.327
Black-capped Chickadee + PCST, + SDBH, - WOOD 0.513
Black-throated Green Warbler + PCTT, + PCSB, + PCLH, + PDEN 0.745
Blue-headed Vireo®
Blue Jay +PCTT, - PCST 0.283
Cedar Waxwing - PCHH, + OBSC, + WOOD, + AREA 0.464
Common Raven + PCTT, - PCTB, - PCAN, - LEAF, + PDEN 0.747
Eastern Wood-Pewee + PCLH 0.621
Great Crested Flycatcher - PCTC, + PCLH, + PERCAN, - LEAF 0.498
Ovenbird + PCTB, + PCST, + PCSB, - PCHH, - SDBH, - OBSC, 0.971
+ SAPH, + LEAF
Red-breasted Nuthatch - PCST, + SDBH 0.236
Red-eyed Vireo + MOSS, + SNAG, - OBSC, + PCAN 0.893
Rose-breasted Grosbeak + PCSB, + PCLH, + MOSS, + SDBH, + WOOD 0.716
Veery + PCSB, + SDBH, + OBSC, - LEAF, - AREA 0.726
White-throated Sparrow - PCTT, + PCTC, - PCSB, - PCHH, - PCLH, + SNAG, + WOOD 0.834
Winter Wren +PCAN 0.738
Yellow-bellied Flycatcher + PCTC, - PDEN 0.830
Yellow-rumped Warbler +PCTB, + PCTC, - PDEN 0.974
Open-Shrub Associated Species
Alder Flycatcher - PCTT, - PCTC, - SNAG, + PCAN, - LEAF, - PDEN 0.819
American Goldfinch + WOOD, + PDEN 0.299
American Robin - PCHH, + PDEN 0.926
Blue-winged Warbler’ +PCLH 0.133
Brown-headed Cowbird + OBSC, + LEAF 0.499
Chipping Sparrow - PCTB, - PCTC, + PCSB, - SAPHT, + HERB, + WOOD 0.858
Eastern Towhee - PCTT, - PCTC, + SDBH 0.293
Golden-winged Warbler” - PCST, - PCHH, - PCLH, - MOSS, - SNAG, + SDBH, 0.870
+ OBSC, - HERB, + WOOD
Mourning Dove + PCHH, - WOOD 0.475
Red-winged Blackbird + PCHH 0.119
Sandhill Crane - SNAG, + OBSC 0.400
Sedge Wren - MOSS, - PCAN, - HERB, - PDEN 0.667
Song Sparrow + SDBH, - PCAN, - PDEN 0.373
Swamp Sparrow + PCTT, - PCSB, - PCHH, - PCLH, - MOSS, + OBSC, - PDEN 0.587
Yellow Warbler + PCTB, + PCLH, - SNAG, + WOOD, + AREA 0.785
Forested Peatland Associated Species
Golden-crowned Kinglet - PCHH, - PCLH, - SNAG, + SDBH, + PCAN, - PDEN 0.654
Hermit Thrush - PCHH, - PCLH, + SDBH, + PCAN, + LEAF, - PDEN 0.863
Nashville Warbler + PCLH, + SDBH, + HERB 0.824
Yellow-shafted Flicker + PCLH, - OBSC 0.548
Open-Shrub Peatland Associated Species
Common Yellowthroat - SNAG, + OBSC, - SAPH, - PDEN 0.484
Lincoln’s Sparrow +PCLH, + MOSS, - PCAN, + AREA 0.718
Northern Cardinal - MOSS, + OBSC, - HERB, + WOOD 0.473
Palm Warbler - PCHH, + WOOD, + AREA 0.660
Savannah Sparrow - PCAN, - LEAF, + PDEN 0.753

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
+ No variables met requirements for inclusion in model using stepwise selection
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Table 11. Habitat models using stepwise linear regression analyses for 42 bird species in
intensive site peatlands, Wisconsin, 2004-2007 (n = 14). Bird count data was square-root
transformed. Habitat variables entered regressions at P<0.15 and were retained when
P<0.05. (+) or (-) indicates the directions of the relationship between that variable and
bird species. Abbreviations correspond to model variables in Table 3.

Species Habitat Model R?

Forest Associated Species
American Crow + PCHH, - SNAG, + SDBH, - WOOD, - LEAF 0.94
Black-capped Chickadee - PCLH 0.31
Black-throated Green Warbler +BA 0.58
Blue-headed Vireo - WOOD 0.43
Blue Jay + CANH 0.41
Cedar Waxwing - MOSS, + LEAF 0.65
Common Raven - PCSB, + PCHH, + HERB 0.71
Eastern Wood-Pewee + SDBH 0.49
Great Crested Flycatcher + SDBH 0.50
Ovenbird + PCSC, + PCHH, + SNAG, + CANH 0.84
Red-breasted Nuthatch - WOOD 0.48
Red-eyed Vireo + SDBH 0.29
Rose-breasted Grosbeak - PCST, + SDBH 0.62
Veery + SDBH, - BA 0.84
White-throated Sparrow + PCSC 0.32
Winter Wren + PCSC 0.58
Yellow-bellied Flycatcher + PCSC 0.47
Yellow-rumped Warbler - PCSB, + PCAN 0.72

Open-Shrub Associated Species
Alder Flycatcher -BA 0.39
American Goldfinch'
American Robin'
Blue-winged Warbler” -PCLH, - MOSS, - SDBH, - LEAF 0.90
Brown-headed Cowbird - PCSC 0.38
Chipping Sparrow - SDBH 0.61
Eastern Towhee + PCST 0.43
Golden-winged Warbler” - SDBH 0.29
Mourning Dove + PCST, - SNAG 0.65
Red-winged Blackbird - PCSC, + MOSS, - CANH 0.77
Sandhill Crane -PCSC, - SNAG 0.51
Sedge Wren - SDBH, - BA 0.81
Song Sparrow - BA, - WOOD 0.80
Swamp Sparrow - SDBH 0.73
Yellow Warbler -PCTC, - BA 0.78

Forested Peatland Associated Species
Golden-crowned Kinglet +BA 0.40
Hermit Thrush - PCSB 0.46
Nashville Warbler + PCSC 0.49
Yellow-shafted Flicker'

Open-Shrub Peatland Associated Species
Common Yellowthroat - SNAG, - BA 0.74
Lincoln’s Sparrow + PCST, - PCAN 0.75
Northern Cardinal’
Palm Warbler - PCSB 0.30
Savannah Sparrow + PCSB, - PCAN 0.77

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
+ No variables met requirements for inclusion in model using stepwise selection
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Table 12. Habitat models using stepwise linear regression analyses for 42 bird species in
all extensive site peatlands, Wisconsin, 2004-2007 (n = 74). Bird count data was square-
root transformed. Habitat variables entered regressions at P<0.15 and were retained

when P<0.05. (+) or (-) indicates the directions of the relationship between that variable

and bird species.

Species Habitat Model R’
Forest Associated Species
American Crow + PCHH 0.18
Black-capped Chickadee + PCTT, + PCTC 0.15
Black-throated Green Warbler + PCTT, - PCHH 0.25
Blue-headed Vireo + SNAG, + PDEN 0.20
Blue Jay + PCTT, + PCTC 0.21
Cedar Waxwing + PCLH 0.06
Common Raven - PCHH, + PDEN, + AREA 0.29
Eastern Wood-Pewee + PCLH, + AREA 0.19
Great Crested Flycatcher +PCLH, + SNAG 0.15
Ovenbird + PCLH 0.10
Red-breasted Nuthatch +PCTC, - MOSS 0.24
Red-eyed Vireo - PCHH, + PCLH 0.33
Rose-breasted Grosbeak -PCTC, - PCHH, + PCLH 0.30
Veery +PCSB, + PCHH 0.31
White-throated Sparrow + PCTC, + MOSS, + SNAG 0.38
Winter Wren - PCHH 0.15
Yellow-bellied Flycatcher - PCTT, + PCTC, - PCHH 0.31
Yellow-rumped Warbler - PCHH, + SNAG 0.25
Open-Shrub Associated Species
Alder Flycatcher”
American Goldfinch'
American Robin + PCTC, - PCHH, - MOSS 0.37
Blue-winged Warbler’ +PCLH, + AREA 0.13
Brown-headed Cowbird + PCHH 0.10
Chipping Sparrow’
Eastern Towhee'
Golden-winged Warbler '
Mourning Dove + PCSB, + PCHH 0.41
Red-winged Blackbird + PCHH 0.23
Sandhill Crane +PCHH, + AREA 0.28
Sedge Wren - PCTC, - SNAG 0.20
Song Sparrow - PCTC 0.07
Swamp Sparrow - PCSB, - MOSS 0.15
Yellow Warbler -PCTC, + PCLH 0.23
Forested Peatland Associated Species
Golden-crowned Kinglet + PCTC, - PCHH 0.21
Hermit Thrush + PCTC, - PCSB, + SNAG 0.43
Nashville Warbler + PCTC, + SNAG 0.28
Yellow-shafted Flicker - PCHH, + PCLH 0.16
Open-Shrub Peatland Associated Species
Common Yellowthroat - PCTT, + PCHH, - SNAG, + AREA 0.53
Lincoln’s Sparrow - PCTT, + PCLH, + MOSS, + AREA 0.35
Northern Cardinal + PCHH 0.13
Palm Warbler - PCST, + MOSS, + SNAG, + AREA 0.32
Savannah Sparrow -PCTT, - PCST, + PCSB, - SNAG 0.28

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
T No variables met requirements for inclusion in model using stepwise selection



Table 13. Habitat models using stepwise linear regression analyses for 42 bird species in

56

extensive site peatlands in Wisconsin, 2007 (n = 50). Bird count data was square-root
transformed. Habitat variables entered regressions at P<0.15 and retained when P<0.05.
(+) or (-) indicates the directions of the relationship between that variable and species.

Species Habitat Model R’
Forest Associated Species
American Crow - HERB, - WOOD 0.34
Black-capped Chickadee + SDBH, + PDEN 0.32
Black-throated Green Warbler +PCTT, - PCHH 0.41
Blue-headed Vireo®
Blue Jay + SDBH, + HERB 0.29
Cedar Waxwing + WOOD 0.13
Common Raven + PDEN, + AREA 0.42
Eastern Wood-Pewee + PCLH 0.15
Great Crested Flycatcher + SNAG 0.13
Ovenbird - OBSC 0.23
Red-breasted Nuthatch + SDBH, - OBSC, + HERB 0.38
Red-eyed Vireo - PCHH, - OBSC 0.47
Rose-breasted Grosbeak + PCLH, + WOOD 0.34
Veery + PCSB, + SDBH, + OBSC 0.46
White-throated Sparrow - PCHH, - LEAF 0.45
Winter Wren -PCTT, + PCAN 0.45
Yellow-bellied Flycatcher - PCTT, + PCTC, + PCAN, - PDEN 0.71
Yellow-rumped Warbler +PCTC, - PCHH, - PCLH, + SAPH, - PDEN 0.60
Open-Shrub Associated Species
Alder Flycatcher - PDEN 0.20
American Goldfinch + WOOD 0.14
American Robin - OBSC, - LEAF, + PDEN 0.49
Blue-winged Warbler’ +PCLH 0.09
Brown-headed Cowbird + OBSC 0.25
Chipping Sparrow - PCAN 0.10
Eastern Towhee'
Golden-winged Warbler” - SNAG, + SDBH, + WOOD 0.39
Mourning Dove + PCHH, + HERB 0.46
Red-winged Blackbird - SDBH, + OBSC, - SAPH 0.46
Sandhill Crane + OBSC, + AREA 0.34
Sedge Wren - PCTC 0.19
Song Sparrow - PCAN, - PDEN 0.22
Swamp Sparrow - SAPH 0.12
Yellow Warbler + PCTB, + PCLH, - SNAG, + WOOD, + AREA 0.50
Forested Peatland Associated Species
Golden-crowned Kinglet - PCSB, + PCAN, - LEAF 0.40
Hermit Thrush - PCHH, + PCAN, - PDEN 0.49
Nashville Warbler +PCLH, + SDBH 0.42
Yellow-shafted Flicker + PCLH, - OBSC, + AREA 0.39
Open-Shrub Peatland Associated Species
Common Yellowthroat + PCHH, - PCAN, + AREA 0.53
Lincoln’s Sparrow - OBSC, + WOOD, + AREA 0.43
Northern Cardinal + OBSC, - HERB 0.31
Palm Warbler + WOOD 0.36
Savannah Sparrow - PCTC, - PCLH, - OBSC, - PCAN, + SAPH, 0.69

+ HERB, + PDEN

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
1 No variables met requirements for inclusion in model using stepwise selection
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Table 14. Habitat models using stepwise logistic regression analyses for 18 bird species
currently at the edge of their distribution range. Data collected in all extensive site
peatlands from 2004 to 2007 (n = 74). Habitat variables entered regressions at P<0.15
and were retained when P<0.15. (+) or (-) indicates the directions of the relationship
between that variable and bird species. Max-rescaled R” included in the table.

Species Habitat Model R’
Alder Flycatcher -PCTC, + PCST, + PCLH 0.166
Black-throated Green Warbler + PCTT, - PCHH 0.352
Blue-gray Gnatcatcher - PCST 0.480
Blue-headed Vireo - PCST, + SNAG, + PDEN 0.393
Blue-winged Warbler’ + PCLH, + PDEN 0.218
Hermit Thrush - PCSB, + PCHH, + PCLH, + SNAG 0.554
Le Conte’s Sparrow +PCTT 0.136
Lincoln’s Sparrow + MOSS, + AREA 0.323
Mourning Warbler +PCTT 0.362
Nashville Warbler + PCTC, + PCLH, + SNAG 0.451
Olive-sided Flycatcher’

Palm Warbler - PCHH, + AREA 0.279
Red-bellied Woodpecker + SNAG 0.286
Red-breasted Nuthatch +PCTT, - MOSS 0.169
Swainson’s Thrush’

Veery + PCST, - MOSS, - SNAG 0.369
White-throated Sparrow - PCTT, + PCTC, - PCSHB, + SNAG, + PDEN 0.620
Yellow-bellied Flycatcher - PCTT, + PCTC, - PCHH, + AREA 0.444

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
T No variables met requirements for inclusion in model using stepwise selection
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Table 15. Habitat models using stepwise linear regression analyses for 18 bird species
currently at the edge of their distribution range. Data collected in all extensive site
peatlands from 2004 to 2007 (n = 74). Bird count data was square-root transformed.
Habitat variables entered regressions at P<(.15 and were retained when P<0.05. (+) or
(-) indicates the directions of the relationship between that variable and bird species.

Species Habitat Model R’
Alder Flycatcher'

Black-throated Green Warbler + PCTT, - PCHH 0.25
Blue-gray Gnatcatcher - PCST, + PCHH 0.10
Blue-headed Vireo + SNAG, + PDEN 0.20
Blue-winged Warbler’ +PCLH, + AREA 0.13
Hermit Thrush + PCTC, - PCSB, + SNAG 0.43
Le Conte’s Sparrow’

Lincoln’s Sparrow - PCTT, + PCLH, + MOSS, + AREA 0.35
Mourning Warbler + PCTT, - PCSB, + AREA 0.28
Nashville Warbler +PCTC, + SNAG 0.28
Olive-sided Flycatcher’

Palm Warbler - PCST, + MOSS, + SNAG, + AREA 0.32
Red-bellied Woodpecker -PCTC, + PCLH, + SNAG 0.15
Red-breasted Nuthatch +PCTC, - MOSS 0.24
Swainson’s Thrush + MOSS, - SNAG 0.08
Veery +PCSB, + PCHH 0.31
White-throated Sparrow + PCTC, + MOSS, + SNAG 0.38
Yellow-bellied Flycatcher - PCTT, + PCTC, - PCHH 0.31

* Species of greatest conservation need, as listed in Wisconsin’s Wildlife Action Plan
T No variables met requirements for inclusion in model using stepwise selection
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Figure 1. The Laurentian Mixed Forest (212) and Eastern Broadleaf Forest (222)

Ecological Provinces in Wisconsin.
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Figure 2. Locations of peatland intensive survey sites, 2004-2007, Wisconsin.
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Figure 3. Locations of peatland extensive sites surveyed in 2004 — 2007, Wisconsin.
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Figure 4. Canonical correspondence biplot of variables from the intensive sites dataset
for a subset of birds (species detected at >5% of survey stations) in Wisconsin peatlands
2004 — 2007. Neotropical migrants (NTM), short-distance migrants (SDM), resident
birds (RES). Forest-associates (FOR), open-shrubland associates (OSH), peatland-
associated species (PTA).
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Figure 5. Canonical correspondence biplot of variables from all 2004-2007 extensive

sites dataset for a subset of birds (species detected at >5% of survey stations) in
Wisconsin peatlands. Forest-associates (FOR), open-shrubland associates (OSH),
peatland-associated species (PTA).
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Figure 6. Canonical correspondence biplot of variables from the 2007 extensive sites
dataset for a subset of birds (species detected at >5% of survey stations) in Wisconsin
peatlands. Forest-associates (FOR), open-shrubland associates (OSH), peatland-

associated species (PTA).
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Figure 7. Canonical correspondence biplot of variables from all 2004-2007 extensive
sites dataset for a subset of birds (species currently at the edge of their distribution range)

in Wisconsin peatlands.



CHAPTERII:
HABITAT RELATIONSHIPS OF THREE PEATLAND-
ASSOCIATED BIRDS IN WISCONSIN

Abstract. Relationships of upland bird species to patch area and habitat characteristics
have been predominant themes in avian ecology over the past few decades, although,
relatively little is known about these relationships in many wetland-dominated habitats,
especially within peatlands of the Great Lakes region of the United States. I examined
habitat relationships of Palm warblers (Dendroica palmarum), Nashville warblers
(Vermivora ruficapilla), and common yellowthroats (Geothylpis trichas) across a range
of peatland types, compositions, and structures in Wisconsin using point count data on
bird presence and average relative abundance, and measurements of 22 explanatory
habitat variables obtained from 88 peatland sites between 2004-2007. Habitat
relationships of the three species were examined using a priori, logistic and linear
regression models with Akaike’s Information Criterion (AIC) model selection. Overall,
results indicated percent cover of shrubs and foliage height diversity were the most
important habitat characteristics explaining the presence and average relative abundance
of all three species in Wisconsin peatlands. Individually, probability of occurrence and
average relative abundance of common yellowthroats were negatively associated with
canopy height, percent cover of broadleaf shrubs, and sapling height. Probability of
occurrence and average relative abundance of Nashville warbers were positively
associated with percent cover of conifer trees, low herbs, and all shrubs. Probability of
occurrence and average relative abundance of palm warblers were positively associated

with percent cover of moss, conifer trees, and woody ground cover. Information gained
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from my study should increase the capacity of managers to plan for continued

persistence and conservation of these and other peatland-associated birds in Wisconsin.

Key words: AIC, common yellowthroat, Dendroica palmarum, Geothylpis trichas,
habitat relationships, Nashville warbler, palm warbler, peatlands, regression, Vermivora
ruficapilla, Wisconsin

INTRODUCTION

Ombrotrophic (bog) and minerotrophic (fen) peatlands are widespread
ecosystems, covering approximately 3-4 x 10° km* worldwide (Lachance et al. 2005).
Most peatlands have a boreal distribution between 50° and 70° N in Canada, Russia, and
northern Europe, although an estimated 3.7 million ha of peatlands occur in the
temperate, coterminous United States (Hall et al. 1994). Although the overall biological
diversity of peatlands is low when compared to other wetland ecosystems, these habitats
often support distinctive flora and fauna (Moore 2002). This is particularly true for
peatlands at the southern extent of their distribution, where they support plant and animal
species commonly found at more northern latitudes and can be considered islands of
boreal diversity in temperate ecosystems (Lachance et al. 2005). Consequently,
continued loss and degradation of peatlands from agriculture, forestry, urbanization, and
the harvest of peat moss may provide a significant threat to regional biological diversity.
Additionally, potential changes in peatland vegetation composition and structure from
anthropogenic climate change are expected to exert profound changes in peatland flora

and fauna (Weltzin et al. 2003, Lachance et al. 2005).
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Two fundamental emphases in recent avian ecology research have been the
importance of patch area and habitat characteristics to both species richness and species
composition (Swift et al. 1984, Cody 1985, Winter and Faaborg 1999, Riffell et al. 2001).
General theories of avian habitat relationships have evolved into the development of
species-specific regression models (e.g., Gutzwiller and Anderson 1987, Naugle et al.
1999, Riffell et al. 2001) and predictive habitat suitability models to guide avian
conservation and management (e.g., Prosser and Brooks 1998). However, much of this
research has been conducted in terrestrial landscapes, whereas information concerning
habitat relationships of wetland birds remains relatively scarce (Weller 1999, Riffell et al.
2001).

Avian habitat relationships have been investigated for some wetland ecosystems,
including wet meadows (Riffell et al. 2001), depressional forested wetlands (Riffell et al.
2006), inland riparian wetlands (Inman et al. 2002), and prairie potholes (Naugle et al.
1999). However, information concerning species assemblages and habitat associations is
lacking or limited for many wetland types, including peatlands. Recent work has
documented the area and habitat associations of bird communities within the boreal
peatlands of Canada (Calmé and Desrochers 2000, Calmé et al. 2002, Lachance et al.
2005). In general, bird species richness within Canadian peatlands is positively
correlated with habitat heterogeneity (Calmé and Desrochers 2000). Alarmingly,
however, the species assemblages and habitat relationships of birds within peatlands of
the Great Lakes Region of the United States have been poorly characterized. This is of

particular concern because these peatlands serve as boreal refugia within the surrounding
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temperate landscapes, and may provide critical migratory, breeding, and foraging habitat
for a wide variety of bird species (Cutright et al. 2006).

Few North American bird species exclusively depend on peatland habitats
(Gauthier and Aubry 1995, Calmé et al. 2002, Cutright et al. 2006). The palm warbler
(Dendroica palmarum) is considered most strongly and perhaps exclusively associated
with peatlands, at least in temperate regions where upland coniferous forests are scarce
(Wilson et al. 1998, Desrochers 2001, Lachance et al. 2005). This species is associated
with muskegs or open bogs containing deep beds of sphagnum moss (Sphagnum spp.)
and small copses of black spruce (Picea mariana) surrounded by open areas, a situation
intermediate between open and closed canopy (Lachance et al. 2005, Cutright et al.
2006). Palm warblers typically nest on the ground but use trees within the copse for
singing and surveillance (Welsh 1971). This species appears particularly sensitive to
changes in vegetative structure of peatlands that increase forest cover at the expense of
open patches (Lachance et al. 2005), but also to peatland area (Calmé and Desrochers
2000). Accordingly, palm warblers may be an important indicator of avian habitat
conditions within peatlands (Calmé and Desrochers 2000, Lachance et al. 2005, Cutright
et al. 20006).

Although less dependent on peatlands than palm warblers, common yellowthroats
(Geothylpis trichas) and Nashville warblers (Vermivora ruficapilla) are frequent breeders
within North American peatlands (Gauthier and Aubry 1995, Cutright et al. 2006).
Common yellowthroats breed in a wide variety of moist, shrubby habitats (Robbins
1991), but within peatlands this species is similar to palm warblers in that it typically

nests in black spruce copses localized in ecotones between forest edges and open areas
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(Gauthier and Aubry 1995). However, the distribution of common yellowthroats does
not appear to be influenced by peatland area (Calmé and Desrochers 2000). Breeding
habitats of Nashville warblers range from upland conifer stands to densely vegetated bogs
and shrub swamps, often with a significant conifer component (Collins et al. 1982,
Cutright et al. 2006). A dense ground cover of bryophytes or grasses is strongly
associated with Nashville warbler nest sites (Collins et al. 1982).

My objective was to determine if the presence and average relative abundance of
three species within Wisconsin’s peatlands could be explained by composition and
structure of peatland habitat. Presumably, potential presence and average relative
abundance of palm warblers, common yellowthroats, and Nashville warblers should serve
as indicators of available range of avian habitat compositions and structures within
peatland habitats. However, to date, the specific habitat relationships of these and other
passerine bird species have not been studied much within peatlands of the Great Lakes
region. I sampled breeding populations of palm warblers, common yellowthroats, and
Nashville warblers, and a suite of macro- and microhabitat features, in 2006 and 2007
within a diverse assemblage of peatland wetlands distributed across Wisconsin. I also
incorporated bird and habitat data previously collected at these and similar peatland sites
in the state in 2004 and 2005. Without detailed knowledge about area and habitat
relationships of birds using these wetlands, effective management and conservation of

avian habitat is not possible in the Great Lakes region.
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METHODS

Study area

My study was conducted at individual peatland wetlands (“sites”) scattered across
Wisconsin that were selected by the Wisconsin Department of Natural Resources for a
broader, multi-taxa project investigating potential effects of climate change on peatland
natural communities. Study sites were selected to represent the geographic distribution
of peatlands in Wisconsin and to account for differences in topography, climate, and
vegetation characteristics between the two ecological provinces (Keys et al. 1995) within
the state (Fig. 8). The Laurentian Mixed Forest Province covers the northern half of
Wisconsin (Province 212), and the Eastern Broadleaf Forest Province (Province 222)
covers southern Wisconsin (Fig. 8). The division between these two provinces is known
as the “Tension Zone,” along which the northern coniferous-deciduous forest changes
gradually into southern oak forests and savannas and the former prairie region. In
Wisconsin, peatland natural communities include black spruce (Picea mariana) swamps,
bog relicts, boreal rich fens, muskegs, open bogs, poor fens (including central poor fens),
tamarack (Larix laricina) poor swamps, tamarack rich swamps, northern wet-mesic
forests including white cedar (7huja occidentalis) swamps, southern sedge meadows, and
northern sedge meadows.

Selection of study sites was based on two levels of survey intensity. The WDNR
used Natural Heritage Inventory (NHI) data for Wisconsin natural communities, state
natural areas, and other sources to select 14 peatland complexes as intensive survey sites
(Fig. 9). These sites were subjectively determined by the WDNR to have experienced

minimal human disturbance and to have a high likelihood of future stability (i.e.,
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protected from direct anthropogenic influences). The 14 sites also were selected to
ensure broad geographic representation within each province and corresponding
ecological sections in Wisconsin. Intensive sites were designated for repeated sampling
during each year of the study in order to account for temporal variation in bird
populations.

The WDNR used a stratified random sampling design to select additional
individual peatlands, distributed statewide and within both ecological provinces, as
potential extensive survey sites. New extensive sites were randomly selected to survey
each year and were surveyed only once during the study. From 2004 to 2007, 74
extensive sites were completely surveyed (Fig. 10). The purpose of extensive sites was to
provide broad spatial resolution across the peatland wetlands of Wisconsin. Intensive site
peatlands ranged in size from 16-792 ha (x = 336 ha + 67 SE), whereas the area of
extensive site peatlands ranged from 16-607 ha (x = 126 ha + 15).

Bird Sampling

Point counts (Ralph et al. 1995, Howe et al. 1997) were used to assess presence
and relative abundance of breeding passerine birds (Robbins 1991) within both intensive
and extensive peatland sites. Point-count stations were established along a transect
running through the midsection of each peatland site. Because sites varied in size, |
attempted to ensure that the number of points was proportional to peatland area (i.e.,
more points at larger sites). For peatlands >100-ha, the number of points was limited to
nine to ensure that all points within a site could be surveyed during one visit (Bub and
Werner 2004). Stations were located >250-m apart in forested peatlands and >300-m

apart in open peatlands to ensure independence of detections between points (Ralph et al.
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1995, Howe et al. 1997). Point-count stations were established >125-m from habitat
edges (i.e., the mapped boundaries of each site) to minimize detection of birds associated
with non-peatland habitat types (Howe et al. 1997).

Unlimited-radius point counts were conducted at each station for 10 minutes from
0400 to 0930 Central Daylight Time. Point count surveys were conducted from late May
to mid-July between 2004 and 2007. This start date should have minimized detection of
non-breeding migrant species (i.e., transients). Unlimited-radius counts were used
because differences in vegetation among sites make judgment of exact distances difficult
(Ralph et al. 1995). To minimize potential effects of seasonal variation in bird activity,
intensive sites were surveyed in reverse order during the second visit. Because multiple
surveyors assisted with point counts, observers were rotated among intensive sites to
minimize observer bias. Each year a different set of <50 extensive sites, which were
randomly selected by the WDNR, were surveyed once. Thus, point-count stations within
extensive sites were only surveyed once during the course of the study (Bibby et al. 1992,
Ralph et al. 1995). Surveys were not conducted during periods of rain, heavy fog, or high
winds (i.e., Beaufort >3; Table 16) since these conditions are known to decrease
detectability of birds. The wind code (Table 16), sky code (Table 17), and temperature
(°C) were recorded at each point-count station prior to initiating a survey.

Species and sex (if known) of all birds heard or seen during counts were recorded.
Counts were subdivided into 3 intervals (0-3 min, 3-5 min, 5-10 min) and the interval
during which each bird was first detected was recorded. Birds that flew over the point
during surveys (i.e., “flyovers”) or were detected before and after the 10-min period were

recorded separately. Although exact distances to each bird could not be measured, the
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horizontal detection distances from the point center to each bird were mapped in classes.
Within forested (closed-canopy) peatlands, bird distances were mapped at either 0-50 m
or >50 m. Distances to birds in open habitats are easier to estimate (Ralph et al. 1995,
Howe et al. 1997), so bird detections at these sites were mapped at either 0-50 m, 50-100
m, or >100 m.

Habitat Sampling

I sampled vegetation at and surrounding each point-count station following
methods previously established by the WDNR for the multi-taxa peatland study (Table
18). Vegetation was surveyed at each point within intensive sites once per season in
2004, 2006, and 2007. Extensive sites were surveyed only once during the study.
Therefore, vegetation at these sites was surveyed immediately after bird surveys. The
point-centered quarter method (Cottam and Curtis 1956) was used to estimate tree species
composition, size, and density (Krebs 1989) at each point-count station. At each point,
the species, diameter at breast height (dbh; cm), height (measured with a clinometer; m),
and distance (m) of the nearest >7.5-cm tree in each quarter was measured. Within open
peatlands, an “N/A” was recorded for each quadrant in which no trees were encountered
within 50 m of the point center.

Within a 10-m radius plot surrounding each point-count station, percent cover
classes (<1%, 2-5%, 6-25%, 26-50%, 51-75%, 76-95%, 96-100%) of 5 vegetation height
strata were recorded: trees (>10 m), trees-high shrubs (2-10m), low shrubs and high herbs
(0.5-2 m), low herbs (0-0.5 m), and moss (0 m). For tree and tree-high shrub strata,
percent cover classes were recorded separately for total cover, conifer cover, and

broadleaf cover. The number of snags was tallied within each plot. Ocular estimates of
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the structural position and relative abundance of tree, shrub, sub-shrub, and herbaceous
plant species were obtained for each plot using structure and relative abundance codes
(CNPS 1998). Structural codes included canopy dominant, canopy associate,
subcanopy/sapling, seedling, shrub dominant, and shrub associate. To categorize relative
abundance, a designation of “rare” was used for species with few individuals,
“uncommon’ was used for species that were infrequently encountered, “common” was
used for species that were locally abundant or frequently encountered, and “abundant”
was used for species that are dominant within their strata in the plot.

Additional Vegetation Sampling in 2007 —To further quantify vegetation
characteristics within intensive and extensive sites, additional vegetation measurements
were recorded at all point-count stations surveyed in 2007. Within the 10-m radius plot,
tree species, tree height, and tree dbh were recorded for 3 additional randomly-selected
trees in each quarter. The dbh of snags within the 10-m radius plot was also measured.
Percent canopy closure in each plot was estimated with a spherical densiometer.
Densiometer readings were taken in each cardinal direction and averaged for the plot. I
measured ground cover at the center of the 10-m radius plot with a 1-m* Daubenmire
frame (Daubenmire 1959) and recorded the percent cover of herbaceous vegetation,
woody ground cover, and leaf litter. Sapling height was measured with a meter-stick or
clinometer for the three tallest saplings and averaged for the plot. Canopy height was
measured with a clinometer for the three tallest canopy trees and averaged (Moorman and
Guynn 2001). Visual obscurity was measured using a 2.5 x 150-cm cover pole (Robel et
al. 1970), marked in 10-cm sections. The pole was placed in the center of the plot and

the total number of sections >75% obscured from each cardinal direction was recorded,
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measured at eye level. The mean of the four readings was used to estimate percent shrub
obscurity for each plot. Using GIS, I determined the total area (ha) of each peatland site.
I traced the edge of peatland sites from digital orthophotos and calculated the total area
(ha) of the peatland.
Model Specification and Analysis

I used logistic regression to determine the probability of bird occurrence and
linear regression to determine variation in bird abundance in relation to habitat
characteristics measured at each peatland site. Prior to model specification, I examined
correlations among habitat variables for each data set (e.g. intensive sites, all extensive
sites, 2007 extensive sites), and the most easily measured variable (i.e., most likely to be
measured during peatland inventories) of an intercorrelated pair (Spearman’s 1 >0.70)
was retained. After eliminating redundant explanatory variables, 11 variables were
included in logistic regression models for intensive sites and all extensive sites, 19
variables were included in logistic regression models for 2007 extensive sites, 12
variables were included in linear regression models for intensive sites, 11 variables were
included in linear regression models for all extensive sites, and 19 variables were
included in linear regression models for 2007 extensive sites (Table 18). Differences in
the number of variables included for datasets was due to differences in collinearity of
habitat variables within each dataset. Area was included in all models to account for
variation in peatland size. Dependent variables included bird presence (logistic
regression), and average bird abundance per site (linear regression). Square-root
transformations of point-count data were performed prior to analysis to approximate

normality. Bird habitat relationships were modeling separately for intensive and
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extensive sites because of different sampling intensities (i.e., years, number of point-
count surveys per year).

I specified a set of a priori, candidate models based on (1) available published
information on the three bird species, and (2) my previous experience with these species
(Burnham and Anderson 2002). I specified 15 models: a global model containing all 11,
12, or 19 variables, depending upon the dataset used, and subset models representing
potential influences of habitat characteristics on bird presence, richness, and abundance
(Tables 19-53). I did not consider all possible combinations of variables, because this
approach typically inflates the number of models beyond the number that can be reliably
analyzed (Burnham and Anderson 2002). Prior to model selection, I examined fit of the
global model following recommendations of Burnham and Anderson (2002) that included
examining residuals, measures of fit (Nagelkerke’s rescaled), classification tables, and
histograms of expected probabilities.

Model selection.—I used Akaike’s Information Criterion (AIC; Hurvich and Tsai
1989, Burnham and Anderson 2002) for model selection. Because the number of
peatland sites (n) was small relative to the number of variables (K) in most models (i.e.,
n/K < 40), I used AIC corrected for small sample size (AIC,) for model selection
(Hurvich and Tsai 1989, Burnham and Anderson 2002). I used the formulas presented in
Burnham and Anderson (2002) to calculate AIC, for maximum likelihood (logistic

regression):

AIC. = —2log(L(6)) + 2K(L]
n—K-1
and least-squares (linear regression):

AIC, = nlog| o +2K(LJ
n—K-1
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where the penalty term, 2K, is multiplied by the correction factor n/(n-K-1). 1 ranked all
candidate models according to their AIC, values and the best model (i.e., most
parsimonious) was the model with the smallest AIC, value (AIC,,,;,; Burnham and
Anderson 2002). I drew primary inference from models within 2 units of AIC,,,,
although models within 5 units may have limited empirical support (Burnham and
Anderson 2002). I calculated Akaike weights (w;) to determine the weight of evidence in
favor of each model (Burnham and Anderson 2002). Parameter estimates (including
SEs) and fit (e.g., Hosmer and Lemeshow’s goodness-of-fit, Nagelkerke’s rescaled R?)
for models with empirical support were reported. All categorical variables were
transformed into dummy variables (Cohen and Cohen 1983) and coefficients were
calculated relative to the most frequently occurring category for each variable. I used
SAS statistical package for all analyses (PROC REG, PROC LOGISTIC; SAS Institute,

Cary, North Carolina).

RESULTS

Common yellowthroats.
Logistic regression models
Intensive sites

The “tree density” model was selected as the best approximating model of 15
logistic regression models explaining the site-level occurrence of common yellowthroats
(hereafter COYE) at intensive sites (Table 19). COYE presence was negatively

associated with increasing basal area (Table 20). The “shrubs” was also selected and
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showed COYE occurrence positively associated with percent cover of shrubs and low
shrubs to high herbs (Table 20). The remaining 13 models received marginal to no
empirical support (AAIC. >5.57, w; < 0.04; Table 19).
All Extensive Sites 2004 — 2007

The “overstory, midstory, understory” model was selected as the best
approximating model of 15 logistic regression models explaining the site-level
occurrence of COYE at all extensive sites 2004 — 2007 (Table 21). COYE presence was
negatively associated with percent cover of broadleaf trees, percent cover of conifer trees,
percent cover of broadleaf shrubs, percent cover of moss, and snag density, but was
positively associated with percent cover of shrubs, percent cover of low shrubs to high
herbs, tree density, and peatland area (Table 22). None of the other 14 models received
empirical support (AAIC. >5.28, w;< 0.07; Table 21).
2007 Extensive Sites

The “snags and understory” model was selected as the best approximating model
of 15 logistic regression models explaining the site-level occurrence of COYE at
extensive sites in 2007 (Table 23). COYE presence was negatively associated with snag
density, sapling height, and herbaceous ground cover, but positively associated with
visual obscurity (Table 24). The “shrubs” model was also selected and showed COYE
occurrence negatively associated with percent cover of broadleaf shrubs, but positively
associated with percent cover of shrubs and percent cover of low shrubs to high herbs

9% <6

(Table 24). Three additional models selected were “snags,” “trees,” and “peatland area”

which showed COYE presence influenced by snag and tree habitat variables and peatland
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area (Tables 23 and 24). The remaining 10 models received marginal or no empirical
support (AAIC, >6.28, w;<0.02; Table 23).
Linear regression models
Intensive sites

The “global” model was selected as the best approximating model of 15 linear
regression models explaining the site-level average relative abundance of COYE at
intensive sites (Table 25). COYE average relative abundance was negatively associated
with percent cover of conifer trees, percent cover of low shrubs to high herbs, percent
cover of low herbs, basal area, herbaceous ground cover, woody ground cover, leaf litter ,
and peatland area, but positively associated with percent cover of shrubs, percent cover of
moss, snag density, and percent canopy closure (Table 26). None of the other 14 models
received empirical support (AAIC, >411.70, w;= 0.00; Table 25).
All Extensive Sites 2004 — 2007

The “overstory, understory, area” model was selected as the best approximating
model of 15 linear regression models explaining the site-level average relative abundance
of COYE at all extensive sites 2004 — 2007 (Table 27). COYE average relative
abundance was negatively associated with percent cover of trees and snag density, but
positively associated with percent cover of low shrubs to high herbs and peatland area
(Table 28). The “trees, shrubs, area” was also selected and showed COYE average
relative abundance negatively associated with percent cover of trees, but positively
associated with percent cover of shrubs and percent cover of low shrubs to high herbs,
and peatland area (Table 28). None of the other 13 models received empirical support

(AAIC, >11.36, w;= 0.00; Table 27).
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2007 Extensive Sites

The “ground cover, canopy, area” model was selected as the best approximating
model of 15 linear regression models explaining the average relative abundance of COYE
at extensive sites in 2007 (Table 29). COYE average relative abundance was negatively
associated with canopy height, but positively associated with percent cover of low shrubs
to high herbs and peatland area (Table 30). The “shrubs” model was also selected and
showed COYE average relative abundance negatively associated with percent cover of
shrubs, but positively associated with percent cover of broadleaf shrubs and percent cover
of low shrubs to high herbs (Table 30). The remaining 10 models received marginal or

no empirical support (AAIC,. >5.35, w;<0.06; Table 29).

Nashville warblers.
Logistic regression models
Intensive sites

The “trees” model was selected as the best approximating model of 15 logistic
regression models explaining the site-level occurrence of Nashville warblers (hereafter
NAWA) (Table 31). NAWA presence was negatively associated with snag density, but
positively associated with percent cover of conifer trees (Table 32). The “conifer trees”
model was also selected and showed NAWA occurrence positively associated with
percent cover of conifer trees (Table 32). Seven additional models were selected,

9% ¢ 99 ¢

including “percent canopy,” “snags,” “peatland area,

29 <6 99 <¢

tree density,” “trees, shrubs,

29 ¢¢

moss” “ground cover,” and “visual obscurity” all of which showed NAWA presence

influenced by habitat variables corresponding with the model name (Tables 31 and 32).
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The remaining 6 models received marginal or no empirical support (AAIC, >5.09, w;
<0.03; Table 31).
All Extensive Sites 2004 — 2007

The “overstory, understory, snags” model was selected as the best approximating
model of 15 logistic regression models explaining the site-level occurrence of NAWA at
all extensive sites 2004 — 2007 (Table 33). NAWA presence was positively associated
with percent cover of conifer trees, percent cover of low herbs, and snag density (Table
34). The “mixed vertical vegetation” model was also selected and showed NAWA
occurrence positively associated with percent cover of conifer trees, percent cover of low
herbs, and percent cover of moss (Table 34). Three additional models were selected,

99 ¢

including “conifer trees,” “trees, shrubs, moss,” and “trees”, and showed NAWA
presence to be influenced by habitat variables corresponding with the model names
(Tables 33 and 34). The remaining 10 models received no empirical support (AAIC,
>13.05, w;= 0.00; Table 33).
2007 Extensive Sites

The “ground cover and snag dbh” model was selected as the best approximating
model of 15 logistic regression models explaining the site-level occurrence of NAWA at
extensive sites in 2007 (Table 35). NAWA presence was positively associated with
percent cover of low herbs, snag diameter, and herbaceous ground cover (Table 36).
None of the 14 remaining models received marginal to no empirical support (AAIC,
>7.92, w;<0.02; Table 35).
Linear regression models

Intensive sites
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The “global” model was selected as the best approximating model of 15 linear
regression models explaining the site-level average relative abundance of NAWA at
intensive sites (Table 37). NAWA average relative abundance was negatively associated
with percent cover of low herbs, basal area, woody ground cover, and leaf litter, but
positively associated with percent cover of conifer trees, percent cover of shrubs, percent
cover of low shrubs to high herbs, percent cover of moss, snag density, percent canopy
closure, herbaceous ground cover, and peatland area (Table 38). None of the other 14
models received empirical support (AAIC, >427.84, w;= 0.00; Table 37).

All Extensive Sites 2004 — 2007

The “conifer trees and snags” model was selected as the best approximating
model of 15 linear regression models explaining the site-level average relative abundance
of NAWA at all extensive sites 2004 — 2007 (Table 39). NAWA average relative
abundance was positively associated with percent cover of conifer trees and snag density
(Table 40). The “trees” was also selected and showed NAWA average relative
abundance positively associated with percent cover of trees, percent cover of broadleaf
trees, percent cover of conifer trees, and snag density (Table 40). One additional model,
“trees, shrubs, moss,” was selected and shwoed NAWA average relative abundance
positively associated with percent cover of broadleaf trees, percent cover of conifer trees ,
percent cover of shrubs, and percent cover of moss (Table 40). The remaining 12 models
received marginal or no empirical support (AAIC, >7.30, w;< 0.02; Table 39).

2007 Extensive Sites
The “ground cover and basal area” model was selected as the best approximating

model of 15 linear regression models explaining the site-level average relative abundance
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of NAWA at extensive sites in 2007 (Table 41). NAWA average relative abundance was
positively associated with percent cover of low herbs and basal area (Table 42). The
“snags” model was also selected and showed NAWA average relative abundance
positively associated with snag density and snag diameter (Table 42). The remaining 13

models received no empirical support (AAIC, >11.28, w;= 0.00; Table 41).

Palm warblers
Logistic regression models
Intensive sites

The “tree density” model was selected as the best approximating model of 15
logistic regression models explaining the site-level occurrence of palm warblers
(hereafter PAWA) (Table 43). PAWA presence was positively associated with basal area
(Table 44). The “canopy” also was selected and showed PAWA occurrence negatively

associated with percent canopy closure (Table 44). Seven additional models were

29 ¢ 9% ¢ 29 ¢

peatland area,” “snags,

29 <6

selected, including “conifer trees, shrubs,” “trees,”
“Daubenmire ground cover,” and “trees, shrubs, moss” (Tables 43 and 44), and showed
PAWA presence to be influenced by habitat variables corresponding with each model
name. The remaining 6 models received marginal or no empirical support (AAIC, >5.87,
w;<0.01; Table 43).
All Extensive Sites 2004 — 2007

The “trees, understory, area” model was selected as the best approximating model

of 15 logistic regression models explaining the site-level occurrence of PAWA at all

extensive sites 2004 — 2007 (Table 45). PAWA presence was negatively associated with
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percent cover of trees and percent cover of low shrubs to high herbs, but positively
associated with percent cover of moss, snag density, and peatland area (Table 46). The
“trees, shrubs, area” was also selected and showed PAWA occurrence negatively
associated with percent cover of trees, percent cover of shrubs, and percent cover of low
shrubs to high herbs, but positively associated with peatland area (Table 46). The
remaining 13 models received marginal or no empirical support (AAIC, >5.04, w; < 0.05;
Table 45).
2007 Extensive Sites

The “ground cover and area” model was selected as the best approximating model
of 15 logistic regression models explaining the site-level occurrence of PAWA at
extensive sites in 2007 (Table 47). PAWA presence was negatively associated with
percent cover of low shrubs to high herbs, but positively associated with woody ground
cover and peatland area (Table 48). The “Daubenmire ground cover” model was also
selected and showed PAWA occurrence negatively associated with leaf litter, but
positively associated with herbaceous ground cover and woody ground cover (Table 48).
The “ground cover” model was also selected and showed PAWA occurrence negatively
associated with percent cover of moss, leaf litter, and visual obscurity, but positively
associated with herbaceous ground cover and woody ground cover (Table 48). The
remaining 12 models received marginal to no empirical support (AAIC. >5.65, w; < 0.03;
Table 47).
Linear regression models

Intensive sites
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The “global” model was selected as the best approximating model of 15 linear
regression models explaining the site-level average relative abundance of PAWA at
intensive sites (Table 49). PAWA average relative abundance was negatively associated
with percent cover of low herbs, percent canopy closure, herbaceous ground cover,
woody ground cover, and leaf litter, but positively associated with percent cover of
conifer trees, percent cover of shrubs, percent cover of low shrubs to high herbs, percent
cover of moss, snag density, basal area, and peatland area (Table 50). None of the other
14 models received empirical support (AAIC,. >427.27, w;= 0.00; Table 49).

All Extensive Sites 2004 — 2007

The “shrubs, moss, area” model was selected as the best approximating model of
15 linear regression models explaining the site-level average relative abundance of
PAWA at all extensive sites 2004 — 2007 (Table 51). PAWA average relative abundance
was negatively associated with percent cover of shrubs, but positively associated with
percent cover of moss, snag density, and peatland area (Table 52). The remaining 14
models received marginal or no empirical support (AAIC, >10.54, w;< 0.01; Table 51).
2007 Extensive Sites

The “woody ground cover” model was selected as the best approximating model
of 15 linear regression models explaining the site-level average relative abundance of
PAWA at extensive sites in 2007 (Table 53). PAWA average relative abundance was
positively associated with woody ground cover (Table 54). The “Daubenmire ground
cover” was also selected and showed PAWA average relative abundance negatively
associated with herbaceous ground cover and leaf litter, but positively associated with

woody ground cover (Table 54). One additional model was selected, “ground cover,”
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and showed PAWA average relative abundance negatively associated with percent cover
of moss, herbaceous ground cover, leaf litter, and visual obscurity, but positively
associated with woody ground cover (Tables 53 and 54). The remaining 12 models

received marginal to no empirical support (AAIC. >7.54, w;< 0.01; Table 53).

DISCUSSION

The presence and average relative abundance of common yellowthroats, Nashville
warblers, and palm warblers was primarily influenced by understory vegetation features,
especially percent cover of shrubs. Combinations of vegetation layers with stratified
heights seemed to be the most explanatory models of bird habitat relationships within
peatlands. This is not surprising because this concept was previously described by
MacArthur and MacArthur (1961). The vertical stratification of vegetation provides
birds with a variety of opportunities for breeding, feeding and seeking shelter. Recent
work has shown that many factors may influence the distribution and diversity of bird
species: for example, the distribution of particular microhabitats like treefall openings in
forests (e.g. Terborgh et al. 1990) or rocky outcrops in shrubsteppe habitats (e.g. Wiens
and Rotenberry 1981), percent canopy cover (Wiens and Rotenberry 1981), tree species
diversity (e.g. James and Wamer 1982), or the distribution of specific plant taxa (e.g.
Rice et al. 1984). In peatlands, the landscape composition and vegetation structure varies
depending upon what type of peatland is being discussed. The peatlands surveyed in this
study ranged from open sedge meadows to black spruce-tamarack swamps. No single
model can explain habitat relationships of all species or groups of species because all

species have their own unique niche requirements and behaviors.
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Common yellowthroats use a variety of habitats and this could be an explanation
for why the “global” linear regression model was selected as the best-approximating
model for that species. Snag density was negatively associated with common
yellowthroat average relative abundance which is contradictory to what has been found in
a previous study (Riffell et al. 2001). Snags are commonly used by cavity-nesting
species and as perches for singing and calling. Since common yellowthroats make nests
of grass and other plants near the ground (Guzy and Ritchison 1999) and not in cavities,
it may make sense that they are not positively correlated with snag density or snag
diameter. Habitat size (area) was found to be weakly positively correlated with the
presence and abundance of this neotropical migrant in this study. Similar results were
found by Johnson and Igl (2001) in four northern Great Plains states. Neotropical
migrants have been found to be positively associated with patch size (Brenner and Berad
1998, Edwards and Otis 1999, Fauth et al. 2000). In this study common yellowthroats
were only weakly negatively correlated with percent canopy closure compared to
opposite findings by Rodewald and Brittingham (2004). This relationship finding from
this study could be misleading because of the collection of data from both forested and
open sites in which this species was commonly detected. In previous peatland studies,
common yellowthroats were found to be positively associated with coniferous tree
species, including tamarack and black spruce (Wilson et al. 1998), but in my study very
few models contain coniferous tree variables and the ones that do contain them show a
slight negative correlation. Common yellowthroats presence and average relative
abundance, in most of the models, are found to be positively associated with shrub cover

that is vertically stratified, which corresponds with previous research (Schulte and Niemi
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1998). Ground cover variables measured with the Daubenmire (1959) frame are
associated slightly negatively with abundance of this species; whereas percent cover of
low herbaceous vegetation and shrubs have a positive correlation with abundance, as seen
in previous research (Fletcher and Koford 2002).

Ground cover elements had a positive influence on Nashville warbler presence
and abundance in this study and this is in agreement with the habitat associations
documented in the literature (Cutright et al. 2006). Descriptions of the breeding habitats
of Nashville warblers commonly include conifer or mixed deciduous-conifer forests
(Cutright et al. 2006), and not surprisingly, models in this study showed positive
associations with snag and conifer tree variables. Another study in Wisconsin found
female Nashville warblers foraging in hardwood stands (Sodhi and Paszkowski 1995).
Males of this species typically forage in the mid-story and canopy of trees (Collins et al.
1982, Sodhi and Paszkowski 1995), which could explain the inclusion of tree and shrub
variables in many of the supported models from this study.

Peatland area was shown to positively influence palm warbler presence and
average relative abundance in my results and this has been previously documented from
other studies (Calmé and Desrochers 2000). My models of palm warbler presence and
average relative abundance had percent cover of trees and leaf litter negatively
influencing the species, but percent cover of coniferous trees positively influencing
PAWA. The negative influence of trees is not unlikely because palm warblers are
typically found in more open and shrubby peatlands compared to forested peatlands. The
affinity for coniferous trees has been found before in a peatland study in Maine (Wilson

et al. 1998). Palm warblers in this study show weak correlations with tree density
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variables which is not surprising because only a few trees are consistently used as song
posts (Welsh 1971). Palm warblers typically nest on the ground (Knight 1904,
Walkinshaw and Wolf 1957, Welsh 1971), but in my results there are no strong
correlations between palm warblers and any of the ground cover variables, such as
herbaceous, woody, and leaf litter debris. Numerous models contain such variables but
are only weakly correlated positively or negatively with palm warbler presence and
average relative abundance. Leaf litter negatively influencing palm warblers in some of
my models is a little strange because ordinarily I would think that a large amount of
insects and seeds could be found amongst the leaf litter and included in the diets of the
species. However, palm warblers might be negatively influenced by leaf litter because it

conceals the sphagnum moss underneath which this species typically use.
IMPLICATIONS FOR CONSERVATION

Results of this study are most relevant to conservation planning, which the
WDNR will likely continue to implement for peatlands and other natural communities
throughout Wisconsin. None of the 3 species focused on in this manuscript are currently
on Wisconsin’s Wildlife Action Plan’s (WDNR 2005) list of species of greatest
conservation concern, but that does not mean that at some later date they could be added
to it. If any of these species are added to the list at some point then the results of this
study should provide some insight as to which habitat components to give priority to in
terms of management.

Nashville warblers and palm warblers in Wisconsin are currently at the edge of
their distribution ranges. This could become an important aspect of their conservation in

the Great Lakes region. These species may be more likely to exhibit changes in presence
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or abundance as a result of climate change because they are likely to be the first species
to be faced with habitat changes such as temperature, precipitation, or even vegetation
structure within their currently used locations. It is important to continue to monitor the
populations of these species through statewide bird surveys and counts.

A noteworthy comment to make regarding the results found from this study is the
potential limited applicability to other habitats besides peatlands. The ways in which the
intensive and extensive sites were selected did not provide the opportunity to view the
results of these models to results with the same bird species in non-peatland habitats. The
models selected as the best-approximating models and all models that received empirical
support should be used as a guide to gaining a better understanding of the relationships
between various bird species and the microhabitat and landscape features which influence
their presence and abundance.

The predicted result of climate change characteristics, such as increased carbon-
dioxide, increased variance in temperature and precipitation, is increased amounts of
shrub cover and decreased amounts of graminoids (Weltzin et al. 2003). To say that bird
species that are strongly and positively influenced by grasslands or areas comprised of
herbaceous vegetation may shift their distributions to find suitable habitat is possible
(Huntley 1991, Huntley 1994). Other organisms, such as insects and amphibians, which
birds consume, may also be impacted by climate change. Bird species that are able to
adapt to a changing climate will likely survive. To know and predict how individual bird
species will react or adapt to such changes is not possible. Responses of all organisms

are expected to be complex and, therefore, difficult to predict but a first step is predicting
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the potential response due to direct effects. That is only possible by linking large-scale

models of bird distribution as a function of climate (Root and Schneider 1993).
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Table 16. Beaufort Wind Scale codes used to describe wind conditions for bird surveys.

B?:;(;rt mph km Description Surroundings

0 <1 <1 Calm Smoke rises vertically

1 1-3 1-5 Light Air Smoke drift shows wind direction

2 4-7 6-11 Light Breeze Leaves rustle, wind felt on face

3 8-12 12-19 Gentle Breeze Leaves, small twigs in constant
motion

4 13-18 20-28 Moderate Breeze  Raises dust, leaves, small branches
in motion

5 19-24 23-38 Fresh Breeze Small trees in leaf sway

6 25-31 39-49 Strong Breeze Larger branches in motion

7 32-38 50-61 Moderate Gale Whole trees in motion

8 39-46 62-74 Fresh Gale Walking impeded, broken branches

9 > 47 >75 Strong Gale
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Table 17. List of sky codes used to describe weather conditions for bird surveys.

Sky Description Cloud Cover

0 Clear 0-15%

1 Partly cloudy 16-50%
2 Mostly cloudy 51-75%
3 Overcast 76-100%
4 Wind-driven sand, dust, -

5 Fog or haze -

6 Drizzle -

7 Rain -

8 Snow -

9 Thunderstorm, w or w/out -




Table 18. List of variables measured in vegetation surveys.

Variable Units Abbreviation Description
Overstory % PCAN Canopy closure of overstory trees
canopy
Basal area sq m/ha BA Basal area of plot
DBH cm Diameter Breast Height of tree in plot
Tree Height | m Height of tree in plot
Snag # SNAG number of snags within 10-m radius
abundance
Snag Cm SDBH Diameter Breast Height of snags in plot
diameter
Absolute % PCTT Absolute percent cover of strata: tree (total)
Percent PCTC Absolute percent cover of strata: tree (conifer)
Cover PCTB Absolute percent cover of strata: tree
(broadleaf)
PCST Absolute percent cover of strata: shrubs
(total)
PCSC Absolute percent cover of strata: shubs
(conifer)
PCSB Absolute percent cover of strata: shrubs
(broadleaf)
PCHH Absolute percent cover of strata: low shrubs
to high herbs
PCLH Absolute percent cover of strata: low herbs
MOSS Absolute percent cover of strata: moss
Structural CD Canopy dominant
Position (of CA Canopy associate
tree, shrub, SC/SA Sub-canopy/Sapling
sub-shrub, SD Seedling
and DS Dominant shrub
herbaceous AS Associate shrub
plants)
Abundance 1,2, 3, Rare (1), Uncommon (2), Common (3),
4 Abundant (4)
Distance m Distance to nearest >7.5cm tree
Ground % HERB Cover of herbaceous vegetation
cover WOOD Cover of woody ground cover
LEAF Cover of leaf litter
Sapling m SAPH Average height of 3 tallest saplings per plot
height
Canopy m CANH Height of overstory canopy
height
Vertical % OBSC Index of understory vegetation structure
cover
Peatland ha AREA Total size of peatland area
Area
Temperature | °C Air temperature
PCQ trees/ac PDEN Average PCQ density per site
Density
PCQ BA/ac PDOM Average PCQ dominance per site

Dominance
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Table 19. Logistic regression models explaining influence of microhabitat and landscape
attributes on occurrence of common yellowthroats at intensive peatlands in Wisconsin
from 2004 to 2007. Model rankings were based on Akaike’s Information Criterion

corrected for small sample size (AIC,).

Model® b OAICS  AAICY  wf

Tree density {BA}
Shrubs {PCST, PCHH}
Conifer trees {PCTC}

K
2 5.09 0.00  0.68
3 8.41 3.31 0.13
2 10.66  5.57  0.04
Canopy {PCAN} 2 10.73 564  0.04
Peatland area {AREA} 2 11.92 6.83 0.03
Snags {SNAG} 2 1229 720  0.02
Visual obscurity {PCST, PCHH, PCLH} 4 1245 735  0.02
Trees, shrub, moss {PCTC, PCST, MOSS} 4 12.45 7.36 0.02
Daubenmire ground cover {HERB, WOOD} 3 13.40 8.31 0.01
Trees {PCTC, SNAG} 3 13.87 878  0.01
Ground cover {MOSS, HERB, WOOD} 4 16.26 11.17 0.00
Mixed vertical vegetation {PCTC, PCLH, BA, MOSS} 5 17.50 12.41 0.00
Percent cover totals {PCST, PCHH, PCLH, MOSS} 5 17.50 12.41 0.00
Ground cover and low herbs {MOSS, HERB, WOOD 5 17.51 12.41 0.00
, PCLH}
Global {PCTC, PCST, PCHH, PCLH, MOSS, SNAG, BA, 12  17.51 12.41  0.00
PCAN, HERB, WOOD, AREA}

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC, ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 20. Parameter estimates (3) and standard errors (SE) from the best-approximating

models explaining influence of habitat attributes on occurrence of common yellowthroats

at intensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R*
Tree density 0.999
Constant 15.682 67.944
Basal area -0.089 0.562
Shrubs 0.999
Constant -10.470 38.480
Percent cover shrubs (total) 0.046 1.397
Percent cover low shrubs/high herbs 0.683 2.077

a Max-rescaled R’
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Table 21. Logistic regression models explaining influence of microhabitat and landscape
attributes on occurrence of common yellowthroats at all extensive peatlands in Wisconsin
from 2004 to 2007. Model rankings were based on Akaike’s Information Criterion

corrected for small sample size (AIC,).

Model? K®  AICS AAICY we

Overstory, midstory, understory {PCTB, PCTC, PCST, 10  39.43 0.00 0.93
PCSB, PCHH, MOSS, SNAG, PDEN, AREA}

Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, PCLH,12  44.71 5.28 0.07
MOSS, SNAG, PDEN, AREA}

Shrubs {PCST, PCSB, PCHH} 4 50.36  10.93 0.00
Trees, shrubs, area {PCTT, PCST, PCHH, AREA} 5 53.88 14.46 0.00
Visual obscurity {PCST, PCHH, PCLH} 4 57.79 1836  0.00
Peatland area {AREA} 2 58.44 19.02  0.00
Percent cover totals {PCTT, PCST, PCHH, PCLH, MOSS} 6 60.92 2149  0.00
Trees, shrubs, moss {PCTB, PCTC, PCST, MOSS} 5 62.99 23.56 0.00
Snags {SNAG} 2 64.60 25.17  0.00
Trees {PCTT, PCTB, PCTC, SNAG} 5 66.14  26.71 0.00
Contifer trees {PCTC} 2 66.97 27.54 0.00
Moss {MOSS} 2 68.24 28.81 0.00
Mixed vertical vegetation {PCTC, PCLH, MOSS} 3 68.41 2898  0.00
Tree density {PDEN} 2 69.68 30.25 0.00
Broadleaf trees and shrubs{PCTB, PCSB} 2 71.26 31.84 0.00

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC in).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 22. Parameter estimates () and standard errors (SE) from the best-approximating
models explaining influence of habitat attributes on occurrence of common yellowthroats

at all extensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R*
Overstory, midstory, understory 0.832

Constant 22.014 12.408

Percent cover trees (broadleaf) -0.317 0.174

Percent cover trees (conifer) -0.281 0.151

Percent cover shrubs (total) 0.454 0.237

Percent cover shrubs (broadleaf) -0.288 0.134

Percent cover low shrubs/high herbs 0.167 0.073

Percent cover moss -0.295 0.150

Snags -0.753 0.486

Tree density (Point-center-quarter) 0.002 0.001

Peatland area 0.085 0.046

a Max-rescaled R
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Table 23. Logistic regression models explaining influence of microhabitat and landscape
attributes on occurrence of common yellowthroats at extensive peatlands in Wisconsin
in 2007. Model rankings were based on Akaike’s Information Criterion corrected for

small sample size (AIC,).

Model* K®  AICS  AAICS wS
Snags and understory vegetation {SNAG, OBSC, SAPH, 5  31.14 0.00 042

HERB}
Shrubs {PCST, PCSB, PCHH}
Snags {SNAG, SDBH}

4  31.77 0.63 031
3 34.00 2.87  0.10
Trees {PCTT, PCTB, PCTC, SNAG} 5 3481 3.67  0.07
Peatland area {AREA} 2 35.63 450  0.04
Visual obscurity {PCST, PCHH, PCLH, OBSC} 5 3742 6.28  0.02
Conifer trees {APCTC} 2 38.90 7.76 0.01
Trees, shrubs, moss {PCTB, PCTC, PCST, MOSS, SAPH} 6 39.00 7.87 0.01
Daubenmire ground cover {HERB, WOOD, LEAF} 4 40.02 8.89  0.00
Understory vegetation {MOSS, HERB, WOOD, LEAF, 6  40.59 9.45 0.00

OBSC}
Canopy {CANH} 2 40.83 9.69  0.00
Tree density {BA, PDEN} 3 41.59 10.45 0.00

Percent cover totals {PCTT, PCST, PCHH, PCLH, MOSS}6  42.30 11.16 0.00
Ground cover {MOSS, HERB, WOOD, LEAF, OBSC, 7 43.30 12.16 0.00
PCLH}
Global {PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 20 69.00 37.86  0.00
PCLH, MOSS, SNAG, SDBH, OBSC, BA, CANH,
SAPH, HERB, WOOD, LEAF, PDEN, AREA}

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model
among those considered.
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Table 24. Parameter estimates () and standard errors (SE) from the best-approximating
models explaining influence of habitat attributes on occurrence of common yellowthroats

at extensive peatlands in Wisconsin in 2007.

Model i SE R*
Snags and understory vegetation 0.552
Constant 5.050 3.394
Snags -0.300 0.209
Visual obscurity 0.088 0.054
Sapling height -1.368 0.804
Daubenmire ground cover (herbs) -0.043 0.030
Shrubs 0.464
Constant -0.364 1.370
Percent cover shrubs (total) 0.018 0.029
Percent cover shrubs (broadleaf) -0.055 0.027
Percent cover low shrubs/high herbs 0.079 0.033
Snags 0.324
Constant 4.130 1.445
Snags -0.441 0.174
Snag diameter -0.054 0.096
Trees 0.448
Constant 5.933 2.166
Percent cover trees (total) -0.001 0.018
Percent cover trees (broadleaf) -0.029 0.023
Percent cover trees (conifer) -0.028 0.017
Snags -0.474 0.208
Peatland area 0.194
Constant 0.425 0.835
Peatland area 0.020 0.012

a Max-rescaled R?



108

Table 25. Linear regression models explaining influence of microhabitat and landscape
attributes on average species abundance of common yellowthroats at intensive peatlands
in Wisconsin from 2004 to 2007. Model rankings were based on Akaike’s Information

Criterion corrected for small sample size (AIC,).

Model? K° AICS AAICS wf

Global {PCTC, PCST, PCHH, PCLH, MOSS, SNAG, 14 -417.40 0.00 1.00
BA, PCAN, HERB, WOOD, LEAF, AREA}

Snags and basal area {SNAG, BA}

Tree density {BA}

Canopy and basal area{SNAG, BA, PCAN}

Contifer trees {PCTC}

Snags {SNAG}

Trees {PCTC, SNAG}

Shrubs {PCST, PCHH}

Canopy {PCAN}

Mixed vertical vegetation {PCTC, PCLH, BA, MOSS}

Peatland area {AREA}

Visual obscurity {PCST, PCHH, PCLH}

Trees, shrubs, moss {PCTC, PCST, MOSS}

Daubenmire ground cover {HERB, WOOD, LEAF}

Percent cover totals {PCST, PCHH, PCLH, MOSS}

-5.70  411.70 0.00
-3.99 41341 0.00
-2.50 41490 0.00
5.82 423.23  0.00
7.03 424.43  0.00
7.13 424.53  0.00
7.22 424.62 0.00
7.44 424.84 0.00
8.08 425.48 0.00
8.75 426.15 0.00
11.85 429.25 0.00
11.87 42927 0.00
1576 433.16 0.00
17.73  435.13  0.00

AN L U L LW N W R R WL WA

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 26. Parameter estimates () and standard errors (SE) from the best-approximating

models explaining influence of habitat attributes on average species abundance of

common yellowthroats at intensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R’
Global 0.848
Constant 6.843 9.098
Percent cover trees (conifer) -0.011 0.029
Percent cover shrubs (total) 0.078 0.148
Percent cover low shrubs/high herbs -0.045 0.076
Percent cover low herbs -0.082 0.146
Percent cover moss 0.028 0.075
Snags 0.368 1.142
Basal area -0.036 0.040
Percent canopy closure 0.034 0.058
Daubenmire ground cover (herbs) -0.006 0.048
Daubenmire ground cover (woody vegetation) -0.065 0.112
Daubenmire ground cover (leaf litter) -0.057 0.105
Peatland area -0.001 0.004
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Table 27. Linear regression models explaining influence of microhabitat and landscape
attributes on average species abundance of common yellowthroats at extensive peatlands
in Wisconsin from 2004 to 2007. Model rankings were based on Akaike’s Information

Criterion corrected for small sample size (AIC,).

Model® K’ AICS AAICS w

Overstory, understory, area {PCTT, PCHH, SNAG, AREA}6 15.62 0.00 091
Trees, shrubs, area {PCTT, PCST, PCHH, AREA} 6 2022 4.60 0.09
Percent cover totals {PCTT, PCST, PCHH, PCLH, MOSS} 7 2697 11.36 0.00
Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 13 2990 1428  0.00

PCLH, MOSS, SNAG, PDEN, AREA}

Visual obscurity {PCST, PCHH, PCLH} 5 3221 1659  0.00
Shrubs {PCST, PCSB, PCHH} 5 3237 1676  0.00
Trees {PCTT, PCTB, PCTC, SNAG} 6 46.01 3039 0.00
Snags {SNAG} 3 48.05 3243  0.00
Trees, shrubs, moss {PCTB, PCTC, PCST, MOSS} 6 5288 3726 0.00
Mixed vertical vegetation{PCTC, PCLH, MOSS} 5 54.06 38.44 0.00
Moss{MOSS} 3 5557 3996  0.00
Peatland area{AREA} 3 55.99  40.37  0.00
Ground cover{MOSS, PCLH} 4 5640 40.78  0.00
Conifer trees {PCTC} 3 61.57 45.96 0.00
Broadleaf trees and shrubs {PCTB, PCSB} 4 6459 4898  0.00

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 28. Parameter estimates () and standard errors (SE) from the best-approximating

models explaining influence of habitat attributes on average species abundance of

common yellowthroats at extensive peatlands in Wisconsin from 2004 to 2007.

Model B SE R’
Overstory, understory, area 0.529
Constant 1.400 0.378
Percent cover trees (total) -0.012 0.005
Percent cover low shrubs/high herbs 0.022 0.004
Snags -0.083 0.039
Area 0.003 0.001
Trees, shrubs, area 0.499
Constant 0.811 0.318
Percent cover trees (total) -0.013 0.005
Percent cover shrubs (total) 0.002 0.006
Percent cover low shrubs/high herbs 0.027 0.004
Peatland area 0.003 0.001
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Table 29. Linear regression models explaining influence of microhabitat and landscape
attributes on average species abundance of common yellowthroats at extensive peatlands
in Wisconsin in 2007. Model rankings were based on Akaike’s Information Criterion

corrected for small sample size (AIC,).

Model® K’ AICS AAICS w

Ground cover, canopy, area{PCHH, CANH, AREA} 5 18.03  0.00 0.83
Shrubs {PCST, PCSB, PCHH} 5 2281 478 0.08
Percent cover totals{PCTT, PCST, PCHH, PCLH, MOSS} 7 2338 5.35 0.06
Visual obscurity {OBSC, PCST, PCHH, PCLH} 6 2543 741 0.02
Mixed vertical vegetation{PCTC, PCLH, BA, MOSS} 6 2851 1048 0.00
Snags {SNAG, SDBH} 4 2880 10.77  0.00
Trees{PCTT, PCTB, PCTC, SNAG} 6 2955 11.53 0.00
Tree density {BA, PDEN} 4 2985 11.83 0.00
Peatland area{AREA} 3 3958 2155  0.00
Daubenmire ground cover{HERB, WOOD, LEAF} 5 40.08 22.05 0.00
Conifer trees {PCTC} 3 41.10  23.07 0.00
Ground cover{MOSS, HERB, WOOD, LEAF, OBSC} 7 4256 2453  0.00
Trees, shrubs, moss{PCTB, PCTC, PCST, MOSS, SAPH} 7 4294 2491 0.00
Understory vegetation{PCLH, MOSS, HERB, WOOQOD, 8 43.19 25.16 0.00

LEAF, OBSC}
Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 21 5553 37.50  0.00

PCLH, MOSS, SNAG, SDBH, OBSC, BA, CANH,
SAPH, HERB, WOOD, LEAF, PDEN, AREA}

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC in).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 30. Parameter estimates () and standard errors (SE) from the best-approximating

models explaining influence of habitat attributes on average species abundance of

common yellowthroats at extensive peatlands in Wisconsin in 2007.

Model i SE R’
Ground cover, canopy, area 0.468
Constant 0.804 0.414
Canopy height -0.011 0.030
Percent cover low shrubs/high herbs 0.028 0.005
Peatland area 0.003 0.001
Shrubs 0.414
Constant 1.146 0.450
Percent cover shrubs (total) -0.004 0.007
Percent cover shrubs (broadleaf) 0.001 0.006
Percent cover low shrubs/high herbs 0.028 0.006




114

Table 31. Logistic regression models explaining influence of microhabitat and landscape
attributes on occurrence of Nashville warblers at intensive peatlands in Wisconsin
from 2004 to 2007. Model rankings were based on Akaike’s Information Criterion

corrected for small sample size (AIC,).

Model® b OAICS  AAICY  wf

8.42 0.00 0.33
8.92 0.50 0.25
11.41 299 0.07

K

Trees{PCTC, SNAG} 3

Conifer trees {PCTC} 2

Percent canopy {PCAN} 2

Snags {SNAG} 2 11.58 3.16 0.07
Peatland area{AREA} 2 12.05 3.63 0.05
Tree density {BA} 2 12.12  3.71 0.05
Trees, shrubs, moss{PCTC, PCST, MOSS} 4 1245 4.03 0.04
Ground cover{MOSS, HERB, WOOD} 4 12.46  4.04 0.04
Visual obscurity {PCST, PCHH, PCLH} 4 12.46  4.04 0.04
Shrubs {PCST, PCHH} 3 13.50 5.09 0.03
Daubenmire ground cover{HERB, WOOD} 3 15.60 7.18 0.01
Percent cover totals {PCST, PCHH, PCLH, MOSS} 5 17.50  9.09 0.00
Understory vegetation{MOSS, HERB, WOOD, PCLH} 5 1752 9.10 0.00
Mixed vertical vegetation{PCTC, PCLH, BA, MOSS} 5 17.52  9.10 0.00
Global {PCTC, PCST, PCHH, PCLH, MOSS, SNAG, BA, 12 336.00 327.59 0.00

PCAN, HERB, WOOD, AREA}

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 32. Parameter estimates () and standard errors (SE) from the best-approximating
models explaining influence of habitat attributes on occurrence of Nashville warblers at

intensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R*
Trees 0.998
Constant 27.708 58.489
Percent cover trees (conifer) 0.727 1.452
Snags -5.717 12.135
Conifer trees 0.533
Constant -0.448 3.802
Percent cover trees (conifer) 1.141 3.493
Percent canopy closure 0.152
Constant 4.641 3.118
Percent canopy closure -0.056 0.066
Snags 0.124
Constant 4.039 2.347
Snags -0.312 0.368
Peatland area 0.043
Constant 3.381 2.157
Peatland area -0.002 0.004
Tree density 0.030
Constant 2.129 1.507
Basal area 0.010 0.031
Trees, shrubs, moss 0.999
Constant -20.624 106.600
Percent cover trees (conifer) 0.014 1.274
Percent cover shrubs (total) 0.233 1.767
Percent cover moss 0.435 1.586

a Max-rescaled R
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Table 32. (continued) Parameter estimates (B) and standard errors (SE) from the best-

approximating models explaining influence of habitat attributes on occurrence of

Nashville warblers at intensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R*
Ground cover 0.999
Constant -63.482 198.700
Percent cover moss 0.572 1.251
Daubenmire ground cover (herbs) 0.667 2.414
Daubenmire ground cover (woody vegetation) 0.202 2.339
Visual obscurity 0.999
Constant 115.100 231.900
Percent cover shrubs (total) -0.046 1.448
Percent cover low shrubs/high herbs -0.823 1.757
Percent cover low herbs -1.143 2.463

a Max-rescaled R
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Table 33. Logistic regression models explaining influence of microhabitat and landscape
attributes on occurrence of Nashville warblers at extensive peatlands in Wisconsin
from 2004 to 2007. Model rankings were based on Akaike’s Information Criterion

corrected for small sample size (AIC,).

Model® b OAICS  AAICY  wf

K

Overstory, understory, snags {PCTC, PCLH, SNAG} 4 62.24  0.00 0.59

Mixed vertical vegetation{PCTC, PCLH, MOSS} 4 65.06 2.83 0.14

Conifer trees {PCTC} 2 65.12  2.88 0.14

Trees, shrubs, moss{PCTB, PCTC, PCST, MOSS} 5 66.81 4.57 0.06

Trees{PCTT, PCTB, PCTC, SNAG} 5 66.86  4.62 0.06
4
2
6

Visual obscurity {PCST, PCHH, PCLH} 75.29  13.05 0.00

Tree density {PDEN} 76.61  14.38 0.00
Percent cover totals {PCTT, PCST, PCHH, PCLH, MOSS} 77.11 14.88 0.00
Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 12 77.19 1495 0.00

PCLH, MOSS, SNAG, PDEN, AREA}

Trees, shrubs, area{PCTT, PCST, PCHH, AREA} 5 7793 15.70 0.00

Shrubs {PCST, PCSB, PCHH} 4 7834 16.11 0.00

Snags {SNAG} 2 7971 1747  0.00

Ground cover{MOSS, PCLH} 3 79.94  17.71 0.00

Moss{MOSS} 2 8381 2158 0.00
3

Broadleaf trees and shrubs {PCTB, PCSB} 84.48 2224  0.00

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 34. Parameter estimates () and standard errors (SE) from the best-approximating
models explaining influence of habitat attributes on occurrence of Nashville warblers at

extensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R*
Overstory, understory, snags 0.451
Constant -1.288 0.722
Percent cover trees (conifer) 0.088 0.036
Percent cover low herbs 0.026 0.014
Snags 0.153 0.098
Mixed vertical vegetation 0.409
Constant -1.035 0.741
Percent cover trees (conifer) 0.086 0.035
Percent cover low herbs 0.024 0.014
Percent cover moss 0.005 0.008
Conifer trees 0.340
Constant 0.197 0.358
Percent cover trees (conifer) 0.075 0.032
Trees, shrubs, moss 0.417
Constant -1.030 0.738
Percent cover trees (broadleaf) 0.028 0.023
Percent cover trees (conifer) 0.078 0.034
Percent cover shrubs (total) 0.010 0.016
Percent cover moss 0.012 0.008
Trees 0.417
Constant -0.411 0.464
Percent cover trees (total) -0.004 0.026
Percent cover trees (broadleaf) 0.023 0.027
Percent cover trees (conifer) 0.081 0.043
Snags 0.146 0.097

a Max-rescaled R



119

Table 35. Logistic regression models explaining influence of microhabitat and landscape
attributes on occurrence of Nashville warblers at extensive peatlands in Wisconsin
in 2007. Model rankings were based on Akaike’s Information Criterion corrected for

small sample size (AIC,).

Model® b OAICS  AAICY  wf

21.08 0.00 0.97
28.99 7.92 0.02
Mixed vertical vegetation {PCTC, PCLH, BA, MOSS} 31.19 10.11 0.01
Tree density {BA, PDEN} 3411  13.03 0.00

K
Ground cover and snag diameter{PCLH, SDBH, HERB} 4
3
5
3
Conifer trees{PCTC} 2 3415 13.07 0.00
6
6
2
4
5
7

Snags {SNAG, SDBH}

Percent cover totals{PCTT, PCST, PCHH, PCLH, MOSS} 3459 1351 0.00
Trees, shrubs, moss{PCTB, PCTC, PCST, MOSS, SAPH} 3498 13.90 0.00
Canopy {CANH} 3531 14.23 0.00
Shrubs {PCST, PCSB, PCHH} 36.62 15.54  0.00
Trees{PCTT, PCTB, PCTC, SNAG} 37.15  16.07  0.00
Understory vegetation{MOSS, HERB, WOOD, LEAF, 38.64 17.56 0.00

OBSC, PCLH}
Visual obscurity {PCST, PCHH, PCLH, OBSC} 5 39.02 1794  0.00
Ground cover{MOSS, HERB, WOOD, LEAF, OBSC} 6 41.82 20.74  0.00
Daubenmire ground cover{HERB, WOOD, LEAF} 4 4356 2248 0.00
Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 20 69.00 47.92  0.00

PCLH, MOSS, SNAG, SDBH, OBSC, BA, CANH,
SAPH, HERB, WOOD, LEAF, PDEN, AREA}

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC in).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 36. Parameter estimates () and standard errors (SE) from the best-approximating

models explaining influence of habitat attributes on occurrence of Nashville warblers at

extensive peatlands in Wisconsin in 2007.

Model i SE R*
Ground cover and snag diameter 0.824
Constant -8.544 3.863
Percent cover low herbs 0.062 0.035
Snag diameter 0.934 0.399
Daubenmire ground cover (herbs) 0.062 0.037

a Max-rescaled R’
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Table 37. Linear regression models explaining influence of microhabitat and landscape
attributes on average species abundance of Nashville warblers at intensive peatlands in
Wisconsin from 2004 to 2007. Model rankings were based on Akaike’s Information

Criterion corrected for small sample size (AIC,).

Model? K° AICS AAICS wf

Global {PCTC, PCST, PCHH, PCLH, MOSS, SNAG, BA, 14 -425.23 0.00 1.00
PCAN, HERB, WOOD, LEAF, AREA}

Conifer shrubs {PCSC}

Conifer trees{PCTC}

Tree density {BA}

Snags {SNAG}

3 2.6l 427.84 0.00

3 8.30 433.53 0.00

3 10.59 435.82 0.00

3 11.57 436.79 0.00
Trees{PCTC, SNAG} 4 11.58 436.80 0.00
Canopy {PCAN} 3 11.90 437.13 0.00
Peatland area{AREA} 3 12.04 43727 0.00
Trees, shrubs, moss{PCTC, PCST, MOSS} 5 14.68 439.90 0.00
Shrubs{PCST, PCHH} 4 14.99 440.22 0.00
Ground cover{MOSS, HERB, WOOD, LEAF} 6 18.15 44338 0.00
Daubenmire ground cover{HERB, WOOD, LEAF} 5 1930 444.52 0.00
Visual obscurity {PCST, PCHH, PCLH} 5 19.72 44495 0.00
Mixed vertical vegetation {PCTC, PCLH, BA, MOSS} 6 2140 446.63 0.00
Percent cover totals {PCST, PCHH, PCLH, MOSS} 6 22.84  448.07 0.00

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 38. Parameter estimates () and standard errors (SE) from the best-approximating
models explaining influence of habitat attributes on average species abundance of

Nashville warblers at intensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R’
Global 0.928
Constant -9.398 6.879
Percent cover trees (conifer) 0.021 0.022
Percent cover shrubs (total) 0.081 0.112
Percent cover low shrubs/high herbs 0.020 0.058
Percent cover low herbs -0.083 0.110
Percent cover moss 0.097 0.056
Snags 0.987 0.864
Basal area -0.020 0.030
Percent canopy closure 0.005 0.044
Daubenmire ground cover (herbs) 0.023 0.036
Daubenmire ground cover (woody vegetation) -0.034 0.085
Daubenmire ground cover (leaf litter) -0.065 0.080

Peatland area 0.004 0.003
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Table 39. Linear regression models explaining influence of microhabitat and landscape
attributes on average species abundance of Nashville warblers at extensive peatlands in
Wisconsin from 2004 to 2007. Model rankings were based on Akaike’s Information

Criterion corrected for small sample size (AIC,).

o

Model® K’ AICS AAICS w

Conifer trees and snags {PCTC, SNAG} 4 25.11 0.00 0.68
Trees{PCTT, PCTB, PCTC, SNAG} 6 2752 241 0.20
Trees, shrubs, moss{PCTB, PCTC, PCST, MOSS} 6 30.03 4093 0.06
Visual obscurity {PCST, PCHH, PCLH} 5 3240 7.30 0.02
Mixed vertical vegetation{PCTC, PCLH, MOSS} 5 3322  8.11 0.01
Shrubs {PCST, PCSB, PCHH} 5 33.29  8.18 0.01
Conifer trees {PCTC} 3 3405 8.94 0.01
Trees, shrubs, area{PCTT, PCST, PCHH, AREA} 6 3493 9.82 0.01
Percent cover totals{PCTT, PCST, PCHH, PCLH, MOSS} 7 3539 10.28 0.00
Snags {SNAG} 3 37.85  12.74  0.00
Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 13 3821 13.10  0.00

PCLH, MOSS, SNAG, PDEN, AREA}

Ground cover{MOSS, PCLH} 4 4261 1750  0.00
Tree density {PDEN} 3 4508 1997  0.00
Moss{MOSS} 3 4550 2039  0.00
Peatland area{AREA} 3 4591 20.80  0.00

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 40. Parameter estimates () and standard errors (SE) from the best-approximating
models explaining influence of habitat attributes on average species abundance of

Nashville warblers at extensive peatlands in Wisconsin from 2004 to 2007.

Model i SE R’
Conifer trees and snags 0.278
Constant 0.952 0.214
Percent cover trees (conifer) 0.014 0.004
Snags 0.125 0.037
Trees 0.300
Constant 0.853 0.227
Percent cover trees (total) 0.007 0.005
Percent cover trees (broadleaf) 0.002 0.007
Percent cover trees (conifer) 0.012 0.004
Snags 0.123 0.037
Trees, shrubs, moss 0.275
Constant 0.536 0.324
Percent cover trees (broadleaf) 0.007 0.007
Percent cover trees (conifer) 0.013 0.004
Percent cover shrubs (total) 0.012 0.006

Percent cover moss 0.008 0.004
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Table 41. Linear regression models explaining influence of microhabitat and landscape
attributes on average species abundance of Nashville warblers at extensive peatlands in
Wisconsin in 2007. Model rankings were based on Akaike’s Information Criterion

corrected for small sample size (AIC,).

o

Model® K’ AICS AAICS w

Ground cover and basal area{PCLH, BA} 4 051 0.00 0.87
Snags {SNAG, SDBH} 4 450 3.99 0.12
Canopy {CANH} 3 11.79  11.28  0.00
Shrubs {PCST, PCSB, PCHH} 5 13.09 12.57  0.00
Visual obscurity {PCST, PCHH, PCLH, OBSC} 6 1478  14.27  0.00
Conifer trees {PCTC} 3 15.19 14.68 0.00
Mixed vertical vegetation {PCTC, PCLH, BA, MOSS} 6 16.87 16.36 0.00
Percent cover totals{PCTT, PCST, PCHH, PCLH, MOSS} 7 17.02  16.51 0.00
Trees{PCTT, PCTB, PCTC, SNAG} 6 17.19  16.68  0.00
Trees, shrubs, moss {PCTB, PCTC, PCST, MOSS, SAPH} 7 1726  16.75  0.00
Daubenmire ground cover{HERB, WOOD, LEAF} 5 20.37  19.86 0.00
Tree density {BA, PDEN} 4 2205 2154 0.00
Ground cover{MOSS, HERB, WOOD, LEAF, OBSC} 7 2278 2227  0.00
Peatland area{AREA} 3 2422 2371 0.00
Global{PCTT, PCTB, PCTC, PCST, PCSB, PCHH, 21 40.38 39.87  0.00

PCLH, MOSS, SNAG, SDBH, OBSC, BA, CANH,
SAPH, HERB WOOD, LEAF, PDEN, AREA}

a Abbreviations in parentheses correspond to model parameters in Table 3.

b Number of estimable parameters in approximating model.

¢ Akaike’s Information Criterion corrected for small sample size.

d Difference in value between AIC, of the current model versus the best-approximating
model (AIC ).

e Akaike weight. Probability that the current model (w;) is the best-approximating model

among those considered.
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Table 42. Parameter estimates () and standard errors (SE) from the best-approximating

models explaining influence of habitat attributes on average species abundanc