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Abstract. Silvicultural practices following clearcutting in boreal forest may encourage 
the creation of monospecific, single-aged stands having less vegetation heterogeneity and 
diversity than original stands. We conducted point counts in central Saskatchewan, Canada, 
1993-1995, in pure and mixedwood stands dominated by black spruce (Picea mariana), 
jackpine (Pinus banksiana), trembling aspen (Populus tremuloides), or white spruce (Picea 
glauca). Mixedwood stands supported more individuals and more species than pure stands. 
Higher abundance in mixedwood stands relative to pure stands was consistent among nesting 
guilds and migration strategies. Rarefaction revealed similar patterns, although pure trem- 
bling aspen stands were predicted to support more species than aspen-dominated mixedwood 
stands. Increased avian diversity in mixedwood stands was not solely the result of the mixing 
of bird species associated with coniferous or deciduous forest types. Chipping Sparrow 
(Spizella passerina), Pine Siskin (Carduelis pinus), White-winged Crossbill (Loxia leucop- 
tera), Red-breasted Nuthatch (Sitta canadensis), Swainson’s Thrush (Catharus ustulatus), 
and Tennessee Warbler (Vermivora peregrina) were more abundant in mixedwood stands 
than pure stands. Black-throated Green Warbler (Dendroica virens), Magnolia Warbler (D. 
magnolia), and Blackburnian Warbler (D. fusca) were abundant in stands dominated by 
white spruce but were absent from jackpine or black spruce. Other species such as American 
Redstart (Setophaga ruticilla) and Chestnut-sided Warbler (D. pensylvanica) relied exclu- 
sively on pure trembling aspen, particularly stands with dense shrub cover. Several bird 
species in the boreal forest will be adversely affected by forestry practices that target mature 
to old aspen and white spruce mixedwoods and promote reduction in mixedwood compo- 
sitions of regenerating stands. 
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INTRODUCTION 

Breeding bird communities associated with 
southern regions of the North American boreal 
forest are among the richest and most diverse on 
the continent (Kirk et al. 1996, Niemi et al. 
1998). The majority of species occurring here 
are Neotropical and short-distance migrant song- 
birds (Smith 1993). Extensive tracts of contig- 
uous boreal forest undoubtedly represent source 
habitat for many species and may produce a 
large portion of the continental breeding popu- 
lation each year. For other species, such as the 
Tennessee Warbler (Vermivoru peregrina), Mag- 
nolia Warbler (Dendroica magnolia), Cape May 
Warbler (D. tigrina), Palm Warbler (D. palmur- 
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am), Bay-breasted Warbler (0. castunea), Con- 
necticut Warbler (Oporomis ugilis), and Phila- 
delphia Vireo (Vireo philudelphicus), the Cana- 
dian boreal forest represents most, if not all, of 
their breeding range in North America. 

An important characteristic of the boreal for- 
est of central and western North America is the 
mosaic nature of forest stands at a landscape 
scale. The heterogeneity in stand age and struc- 
ture results from a fire-dominated disturbance 
regime, which contributes to the diversity of for- 
est bird communities (Niemi et al. 1998). Pre- 
vious studies in the boreal forest have concen- 
trated on describing how avian communities 
change with recognized successional stages. In 
western Canada, most of this work has empha- 
sized the influence of stand age within decidu- 
ous systems (Westworth and Telfer 1993, 
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Schieck et al. 1995). Other studies have de- (Kabzems et al. 1986). Successional patterns are 
scribed avian communities in conifer-dominated complex and related to soil type, moisture, and 
boreal forests, primarily in eastern North Amer- nutrient regimes (Johnson 1992). Three conif- 
ica (Erskine 1977, Thompson et al. 1999). Al- erous species, black spruce, jackpine, and white 
though there appears to be a trend toward higher spruce, and a single deciduous species, trem- 
avian diversity in deciduous stands, this may be bling aspen, dominate forest stands in this re- 
less characteristic of more northern forests and gion. The Saskatchewan Forest Inventory sys- 
may depend on the dominant species of conifer tern defines pure stands as any stand type where 
(Kirk et al. 1996, Willson and Comet 1996b). more than 75% of the canopy is comprised of a 
How mixed conifer-deciduous forests influence single tree species (Kabzems et al. 1986). In 
avian communities is poorly understood (Enoks- mixedwood stands, more than 25% of the can- 
son 1995). As mixedwood stands often have at- opy consists of two or more tree species. All 
tributes of deciduous and coniferous stands, avi- 
an diversity in such stands might be expected to 

stands examined in this study were grouped into 

be higher than in more homogenous forests. 
one of eight stand types according to the clas- 

Threshold levels of deciduous trees in conifer 
sification given on Saskatchewan Forest Inven- 

stands or conifer trees in deciduous stands re- 
tory maps. 

quired by deciduous-associated or conifer-asso- 
Stand selection was based on provincial forest 

ciated birds are largely unknown (Willson and 
inventory maps and cover maps for Prince Al- 
bert National Park. Staiids were located in con- 

Comet 1996b, Robichaud and Villard 1999). 
Moreover, mixedwood stands may have unique 

tiguous forest and were bordered by an access 

vegetative and structural attributes that do not 
road or trail. Four point-count stations were lo- 

resemble those of pure deciduous or pure conifer 
cated within each stand. Stations were at least 

stands. 
250 m apart and 100 m from an edge, including 

Understanding how boreal-forest bird com- 
edges of other stand types. Stands ranged in size 

munities respond to forest composition is crucial 
from 12 to several thousand hectares. Surveys 

to predicting how anthropogenic change in the 
were conducted in 11 stands of black spruce 

boreal forest will impact a significant component 
dominated forests (6 in pure, 5 in mixedwood), 

of North America’s breeding birds. In western 
30 in jackpine (21 in pure, 9 in mixedwood), 54 

and central Canada, the mixedwood composition 
in aspen (27 in pure, 27 in mixedwood), and 30 

of stands that regenerate following harvesting 
in white spruce (13 in pure, 17 in mixedwood). 

are expected to differ from natural-origin forests 
All stands had regenerated following fire, 60 to 

due to age truncation and silvicultural practices 
110 years ago. Stand age was derived from Sas- 

(Spencer 1993, Graham and Jain 1998). Al- 
katchewan Forest Inventory maps. 

though details of future mixedwood manage- 
The majority of stands (n = 64) were sur- 

ment are uncertain, the conversion of mixed- veyed in and around the Prince Albert Model 

woods in favor of single-species management Forest, 70 km north of Prince Albert (53”50’N, 

represents a conservation issue, particularly be- 105”5O’W) during the summers of 1993 and 

cause the maintenance of pure stands may be 1994. An additional 16 stands were surveyed 

more commercially viable (Smith and Crook near Big River (53”50’N, 107”Ol’W) in 1993, 16 

1996, Grover and Greenway 1999). To deter- near La Ronge in 1995, and near Meadow Lake 

mine how breeding bird communities might be (54”08’N, 108”26’W) in 1993. All stands were 

affected by single-species forest management, separated by at least 7 km, and each stand was 

we examined how avian species richness, abun- surveyed in only one year. 

dance, and species composition differed in nat- 
urally occurring stands of pure and mixed black 

BIRD SURVEY TECHNIQUEs 

spruce (Picea mariana), jackpine (Pinus bank- Early morning point counts (04:00-09:00) fol- 

siana), trembling aspen (Populus tremuloides), lowed the Indice Ponctual D’Abondance tech- 

and white spruce (Picea glauca). nique of Blonde1 et al. (1970). At each point- 

METHODS 
count station, all birds heard or seen during a 
lo-min count were recorded. Counts were of un- 

STUDY AREA AND STAND SELECTION limited distance, subject to the constraint that 
The study was conducted within the southern only birds estimated to be within the stand were 
boreal ecoregion of Saskatchewan, Canada recorded. Observers recorded the approximate 
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location of singing birds on maps and excluded 
birds detected previously. Surveys were per- 
formed by five experienced observers who were 
tested in the lab and field to ensure similar levels 
of expertise. Point counts were conducted twice 
at each station, in early and late June. To reduce 
the influence of observer bias, observers sur- 
veyed each station only once, with the order of 
visits chosen randomly. 

All raptors and species that nest in wetland 
habitats were excluded from analysis. Rare spe- 
cies detected in less than five stands were not 
analyzed for stand preferences, although all spe- 
cies were used when calculating species richness 
and total number of individuals. Based on the 
literature (Freemark and Merriam 1986, Schieck 
et al. 1995) and our own observations, species 
were categorized by migratory status (resident, 
short-distance migrants, Neotropical migrants, 
and irruptive species) and preferred nesting lo- 
cation (ground, shrub, canopy, and cavity). 

VEGETATION SAMPLING 

To validate the forest inventory classification for 
each stand, we visually estimated vegetation at- 
tributes while at each station. Canopy, subcan- 
opy, and shrub closure within a 25-m radius of 
each point-count station were classified as either 
open (25% closure), moderately open (25 to 
50%), moderately closed (50 to 75%), or closed 
(>75%; Kabzems et al. 1986). The percentage 
of the canopy, subcanopy, and shrub layer com- 
prised of different species was estimated to the 
nearest 10%. The average height of the canopy 
was visually estimated to the nearest meter and 
the shrub layer to the nearest 50 cm. In four l- 
m2 quadrats placed 10 m apart, and in the four 
cardinal directions centered at the point-count 
station, we visually estimated the percentage 
cover to the nearest 10% of low shrubs, lichen, 
moss, grass, and herbs. Shrubs were defined as 
any woody plant l-5 m tall. Subcanopy trees 
were greater than 5 m tall and were at least 20% 
shorter than trees comprising the canopy. Using 
the Shannon index, we estimated canopy, sub- 
canopy, shrub, and ground cover diversity for 
each station. Each station within a stand was 
used to calculate an average vegetation score for 
that stand, which was then used in subsequent 
analyses. 

STATISTICAL ANALYSES 
To determine whether vegetation structure dif- 
fered among stand types, we used a series of 

randomization tests based on a two-factor anal- 
ysis of variance (Manly 1991). In these analyses, 
the dominant tree species (black spruce, jack- 
pine, trembling aspen, and white spruce) and the 
degree of stand heterogeneity (pure versus 
mixedwood) were the independent factors. The 
significance of the main and interactive effects 
was determined by randomly shuffling the orig- 
inal data 5,000 times. The number of times the 
randomly shuffled data had a residual sums of 
squares (SS) greater than the observed data was 
used to determine the approximate probability 
value (Manly 1991). When randomization tests 
indicated significant main or interactive effects, 
a randomization test based on the least signifi- 
cant difference (LSD) procedure was used to de- 
termine which groups within factors were sig- 
nificantly different. The strength of randomiza- 
tion testing is that the underlying distribution 
does not need to follow any particular statistical 
distribution, nor do the data have to fit the as- 
sumption of homoscedasticity (Manly 1991). 

Species richness for each station was estimat- 
ed using the program SPECRICH2 (Nichols et 
al. 1998). SPECRICH2 is an inference method 
that uses a capture-recapture methodology to es- 
timate the number of species present, correcting 
for sampling biases. The benefit of this meth- 
odology is that it accounts for the problem of 
differential detectability of species that can in- 
fluence estimates of species richness when com- 
paring bird communities among different vege- 
tation types (Schieck 1997). The two visits to a 
station were used as replicate samples of the avi- 
an community in SPECRICH2 calculations. Sta- 
tion estimates of species richness were averaged 
to determine species richness per stand, a value 
used in all further analyses. 

To determine whether species richness, total 
abundance, abundance of individuals in each 
nesting guild, and abundance of each migratory 
group were different among stand types, we 
used two-factor randomization tests. Abundance 
was based on the maximum number of individ- 
uals of each species detected per station. Abun- 
dance per station was pooled for all stations 
within a stand to determine the abundance of 
individuals at the stand level. 

As sampling effort was unequal among stand 
types, rarefaction was used to estimate how spe- 
cies richness and total abundance were influ- 
enced by sample size. Rarefaction estimates the 
number of species and number of individuals ex- 
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petted from a given sample of counts based on 
multiple random sampling (James and Rathbun 
1981). Rarefaction estimates were calculated us- 
ing the computer program Estimates 5 (Colwell 
1997). In this analysis, the maximum number of 
individuals detected per station was used as our 
independent measure of the bird community. 
Rarefaction estimates of species richness were 
compared among tree species and stand hetero- 
geneity by taking the mean species richness and 
standard deviation per 25 point-count stations to 
calculate a series of single-factor ANOVA tests 
(Gjerde and Setersdal 1997). Similar analyses 
were done with total abundance. 

Two-factor randomization tests also were used 
to determine whether the average abundance of 
individual species was higher than expected if 
birds were randomly distributed among stand 
types. Again, the dominant tree species and the 
degree of stand heterogeneity were the indepen- 
dent factors. Those species that showed signifi- 
cant (P < 0.10) main or interactive effects 
among stand types were subjected to two-way 
indicator species classification (TWINSPAN) to 
determine which species had the most similar 
habitat requirements (Gauch 1982). TWINSPAN 
is a divisive polythetic classification that succes- 
sively divides stands and species into smaller 
clusters. Stand clusters are based on the similar- 
ity of the avian community; stands clustered to- 
gether are more likely to contain the same spe- 
cies. Species are clustered based on the similar- 
ity of their habitat preferences, and so species 
clustered together are more likely to be detected 
in the same stand type. TWINSPAN is based on 
a reciprocal averaging algorithm (Gauch 1982), 
so the order of species and sites along the table 
axis is important. Species next to one another 
have the greatest similarity in habitat require- 
ments, and sites next to one another have the 
greatest avian community similarity. The abun- 
dance of each species was divided by the total 
abundance of birds in each stand (i.e., converted 
to a percentage) before analysis with TWIN- 
SPAN, so that default cut levels could be em- 
ployed. 

We used a multiple response permutation pro- 
cedure (MRPP) to determine whether the divi- 
sions of the stands made at each step of the 
TWINSPAN analysis were significant. MRPP is 
a nonparametric procedure for testing the hy- 
pothesis of no difference between two or more 
groups of multivariate data (Zimmerman et al. 

1985). When the significant TWINSPAN stand 
clusters had been determined, a single-factor 
randomization procedure was used to determine 
which vegetation characteristics and which avi- 
an species were significantly different between 
stand clusters. Stand clusters were created using 
only the bird data set and were not constrained 
by the vegetation data set. TWINSPAN and 
MRPP tests were done using the computer pro- 
gram PC-Ord (McCune and Mefford 1997). All 
data are reported as .? ? SD unless otherwise 
stated. 

RESULTS 

VEGETATION STRUCTURE 

Jackpine and trembling aspen stands had mean 
ages of 87 to 90 years and were younger than 
the black spruce and white spruce (100 t 21 
years) stands that averaged 111 and 100 years, 
respectively. The canopy was taller in white 
spruce (19 + 3 m) and trembling aspen (20 + 
4 m) than in jackpine (13 2 3 m) or black spruce 
(12 2 2 m) stands (P < 0.001). Canopy closure 
differed among stands dominated by different 
tree species (P < 0.05), although no LSD tests 
were significant. Mixed and pure stands were of 
similar age, canopy height, and canopy closure. 
However, mixedwood stands had significantly 
higher canopy diversity (0.76 + 0.22) than pure 
stands (0.37 + 0.26, P < 0.001). 

Subcanopy trees were taller in white spruce 
(10 2 4 m) and trembling aspen stands (12 ? 4 
m) than in jackpine (7 ? 1 m) and black spruce 
(7 ? 1 m) stands (P < 0.001). Subcanopy di- 
versity was lower in black spruce (0.07 + 0.11) 
stands than jackpine (0.31 ? 0.33), trembling 
aspen (0.49 ? 0.37), or white spruce (0.41 + 
0.34, P = 0.04). Mixedwood stands had greater 
subcanopy closure (47 2 27%, P = 0.05) and 
subcanopy diversity (0.32 ? 0.31, P < 0.05) 
than pure stands (32 -C 25% and 0.07 ? 0.11, 
respectively). However, for subcanopy closure, 
the interaction between tree species and stand 
heterogeneity was significant (P < 0.05), as pure 
black spruce stands had a denser subcanopy than 
black spruce mixedwoods. 

Shrub height and shrub closure were higher 
in stands dominated by trembling aspen than in 
the other stand types (P < 0.001). Shrub diver- 
sity was higher in trembling aspen (0.72 2 0.59) 
and white spruce (0.73 +- 0.64) than jackpine 
(0.07 ‘_ 0.14) and black spruce (0.03 + 0.07, P 
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< 0.001). Ground cover diversity was higher in 
trembling aspen (1.34 + 0.19) and white spruce 
(1.39 + 0.15) than jackpine (1.16 -C 0.20) or 
black spruce (1.0 + 0.32, P < 0.001). There was 
no difference in shrub height (P > 0.20), shrub 
closure (P > 0.50), shrub diversity (P > 0.50), 
or ground cover diversity (P > 0.50) between 
pure and mixedwood stands. 

AVIAN COMMUNITY 

We detected 13,060 individuals of 87 bird spe- 
cies. Of these, 30 species were rare (detected at 
< 5 sites) and not analyzed statistically. Of the 
57 bird species analyzed to establish a prefer- 
ence for a particular stand type, 32 showed sig- 
nificant differences between stands dominated 
by different tree species (detailed information 
available from authors on request). Controlling 
for tree species, Chipping Sparrow (Spizellu 
passerina), Pine Siskin (Carduelis pinus), 
White-winged Crossbill (Lob leucopteru), 
Red-breasted Nuthatch (Sittu canadensis), 
Swainson’s Thrush (Catharus ustulatus), and 
Tennessee Warbler were more abundant in 
mixedwood stands than pure stands. The inter- 
action between stand heterogeneity and domi- 
nant tree species was significant for Red-eyed 
Vireo (Vireo olivaceus) and Ovenbird (Seiurus 
aurocapillus). Both of these species were most 
abundant in pure aspen stands, but also were 
common in mixedwood stands dominated by co- 
niferous tree species. 

Species Richness. At the stand level, species 
richness was higher in stands dominated by 
white spruce (21.6 2 1.1) and trembling aspen 
(20.8 t 0.8) than in jackpine (14.7 + 1.2) or 
black spruce stands (13.8 ? 2.2, P < 0.001). 
Controlling for the dominant tree species, 
mixedwood stands supported significantly more 
species than pure stands (20.0 + 1.1 vs. 15.4 + 
0.9, P = 0.01). This pattern was consistent 
among the different tree species, as the interac- 
tion with stand heterogeneity was not significant 
(Table 1). 

Species richness, as estimated by rarefaction 
(hereafter landscape richness), differed among 
the dominant tree species when pure and mixed- 
wood stands were pooled (F3,96 = 133.9, P < 
0.001). Species richness at the landscape scale 
also was different among tree species, and was 
highest in trembling aspen (53.0 + 3.1), fol- 
lowed by white spruce (46.7 2 3.2), jackpine 
(40.0 2 3.2) and black spruce (37.7 ? 2.5). We 
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FIGURE 1. Rarefaction estimates showing: (A) 
mean species richness and (B) mean abundance of all 
birds detected at various numbers of point count-sta- 
tions in each stand type. 

could not detect a difference in landscape rich- 
ness between pure and mixedwood stands (5 1.8 
% 4.0 vs. 49.9 + 3.2, F,,,, = 3.4, P > 0.50). 
However, the interaction between dominant tree 
species and stand heterogeneity was significant 

(F7.192 = 138.7, P < 0.001). Pure and mixed- 
wood stands of trembling aspen had similar spe- 
cies richness at the landscape scale (P > 0.50). 
LSD tests indicated mixedwood stands of black 
spruce, jackpine, and white spruce had more 
species than pure stands (Fig. la, P < 0.01 in 
all cases). 

The number of individuals detected per stand 
for all species combined (abundance) was higher 
in white spruce (84.1 2 32.7) and trembling as- 
pen (83.5 2 30.5), than in black spruce (57.1 t 
26.0) and jackpine (53.8 ? 35.6, P = 0.01). 
Mixedwood stands had higher total abundance 
than pure stands (89.8 % 34.6 vs. 61.6 % 28.9, 
P < 0.01). This pattern was consistent among 
tree species, as the interaction was not signifi- 
cant (Table 1). 

Based on rarefaction estimates, landscape-lev- 
el abundance was highest in white spruce (568 
5 47), followed by trembling aspen (505 -C 40), 
black spruce (451 ? 37), and jackpine (353 2 

51, Fj,96 = 106.6, P < 0.001). Mixedwood 
stands had higher abundance than pure stands 
(571 + 51 vs. 393 + 37, F,,,, = 2,083, P < 
0.001). However, the interaction between domi- 
nant tree species and stand heterogeneity was 
significant (F,,192 = 872.2, P < 0.001). Higher 
abundance in mixedwood stands was consistent 
for all tree species except trembling aspen which 
had similar total abundance in mixedwood and 
pure stands (P > 0.20, Fig. lb). 

Nesting guilds. The abundance of cavity-nest- 
ing birds was higher in white spruce and trem- 
bling aspen than jackpine or black spruce stands 
(P = 0.01). Canopy-nesting birds were more 
abundant in white spruce than in trembling as- 
pen, black spruce, or jackpine (P < 0.05). The 
abundance of shrub-nesting birds did not differ 
among dominant tree species (P > 0.20). 
Ground-nesting birds were more abundant in 
trembling aspen stands than in white spruce, 
black spruce, or jackpine (P < 0.001). Mixed- 
wood stands had more shrub-, canopy-, and cav- 
ity-nesting birds than pure stands, and this pat- 
tern was consistent among tree species as none 
of the interactions were significant (Table 1). 
The interaction between stand heterogeneity and 
tree species was significant for ground-nesting 
birds (P = 0.01). Jackpine-dominated mixed- 
woods had more ground-nesting birds than pure 
jackpine stands (P < 0.01). In contrast, all other 
tree species had similar abundance of ground- 
nesting species in pure and mixedwood stands 
(Table 1). 

Migratory status. Long-distance migrants, 
residents, and irruptive species had higher abun- 
dance in mixedwood stands than pure stands 
(Table 1, P < 0.05, in all cases). These patterns 
were consistent among tree species, as none of 
the interactions were significant (Table 1). Short- 
distance migrants were equally abundant in pure 
and mixedwood stands (P > 0.5). The abun- 
dance of residents (P = 0.2), irruptive species 
(P > O.l), and short-distance migrants (P > 0.5) 
was similar among tree species. Neotropical mi- 
grants were significantly more abundant in trem- 
bling aspen and white spruce than in black 
spruce or jackpine (P < 0.001). 

TWINSPAN clusters. Of the 57 bird species 
analyzed to establish a preference for a partic- 
ular stand type, 41 showed a significant main or 
interactive effect at P = 0.1. TWINSPAN 
grouped these 41 species into seven distinct spe- 
cies clusters (Fig. 2). These species clusters 
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FIGURE 2. Dendrogram showing results of TWIN- 
SPAN analysis. When species are closer together on 
the axis, they are more likely to be found in the same 
forest stands. 

were: (1) species found mainly in black spruce 
and jackpine: Dark-eyed Junco (Bunco hyemal- 
is), Nashville Warbler (Vermivoru ru$cupiZZu), 
Palm Warbler, Ruby-crowned Ringlet (Regulis 
culendulu), Hermit Thrush (Cutharus guttutus), 
and Gray Jay (Perisoreus cunudensis), (2) ubiq- 
uitous species found primarily in coniferous for- 
est: Pine Siskin, Chipping Sparrow, Northern 
Flicker (Coluptes aurutus), and Yellow-rumped 
Warbler (Dendroicu coronutu), (3) species 
found mainly in white spruce and mixedwood 
stands containing white spruce: Bay-breasted 
Warbler (0. custuneu), Blackburnian Warbler 
(D. jkscu), Black-backed Woodpecker (Picoides 
arcticus), Boreal Chickadee (Poecile hudsoni- 

cus), Brown Creeper (Certhiu americana), Sol- 
itary Vireo (Vireo soliturius), Winter Wren 
(Troglodytes troglodytes), White-winged Cross- 
bill, and Western Tanager (Pirungu ludovici- 
unu), (4) common species that had higher abun- 
dance in mixedwood stands: American Crow 
(Cowus bruchyrhynchos), Black-throated Green 
Warbler (D. virens), Red-breasted Nuthatch, 
Swainson’s Thrush, and Tennessee Warbler, (5) 
common species most abundant in aspen forests 
with a coniferous or sparse understory: Black- 
capped Chickadee (Poecile utricupillus), Hairy 
Woodpecker (Picoides villosus), Magnolia War- 
bler, and Ovenbird, (6) species commonly found 
in pure aspen and aspen-dominated mixed- 
woods: Rose-breasted Grosbeak (Pheucticus lu- 
dovicianus), Red-eyed Vireo, White-throated 
Sparrow (Zonotrichiu albicolis), Alder Flycatch- 
er (Empidonux ulnorum), Connecticut Warbler, 
and Philadelphia Vireo, and (7) species found 
almost exclusively in pure aspen: Brown-headed 
Cowbird (Molothrus ater), Least Flycatcher 
(Empidonax minimus), Mourning Warbler (Opo- 
rornis philudelphiu), Yellow Warbler (0. pete- 
chia), American Redstart (Setophuga ruticillu), 
Canada Warbler (Wilsoniu canudensis), and 
Chestnut-sided Warbler (0. pensylvunicu). 

At the fourth division in the TWINSPAN 
classification, 16 stand clusters are typically cre- 
ated. However, pairwise comparisons using 
MRPP tests indicated only six of the TWIN- 
SPAN splits resulted in clusters with signifi- 
cantly different bird communities. Vegetation 
variables and avian species that were signifi- 
cantly different among stand clusters created by 
TWINSPAN are shown in Figure 3. 

DISCUSSION 

Our comparison of pure and mixedwood stands 
in forests dominated by four different tree spe- 
cies demonstrated that avian communities were 
richer and hosted a greater number of breeding 
individuals in mixedwood stands compared to 
similar-aged pure stands. This trend was espe- 
cially notable for mixedwood stands of black 
spruce, jackpine, and white spruce for which the 
results of rarefaction analyses confirmed those 
of stand-level analyses. For aspen-dominated 
mixedwoods, stand data showed the same trends 
as for the other stand types, but rarefaction anal- 
yses ultimately predicted greater cumulative 
number of species in pure vs. mixed aspen 
stands after 40 point-counts. The higher densi- 
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Vegetation Attributes 
Canopy diversity 
Canopy height 
% black spruce 
% jackpine 
% trembling aspen 
% white spruce 
Subcanopy diversity 
Subcanopy height 
% subcanopy coniferous 
Shrub diversity 
Shrub closure 
% shrub coniferous 
Ground cover diversity 

Avian Species 
Dark-eyed Junco 
Pahn Warbler 
Gray Jay 
Hermit Thrush 
Ruby-crowned Kinglet 
Chipping Sparrow 
Pine Siskin 
Yellow-rumped Warbler 
Western Tananger 
Boreal Chickadee 
Brown Creeper 
Solitary Vireo 
White-winged Crossbill 
Bay-breasted Warbler 
Blackburnian Warbler 
Winter Wren 
Red-breasted Nuthatch 
Black-throated Green Wal 
Swainson’s Thrush 
Tennesee Warbler 
Black-capped Chickadee 
Hairy Woodpecker 
Magnolia Warbler 
Ovenbird 
Rose-breasted Grosbeak 
Red-eyed Vireo 
White-throated Sparrow 
Connecticut Warbler 
Philadelphia Vireo 
Brown-headed Cowbird 
Least Flycatcher 
Mourning Warbler 
Yellow Warbler 
American Redstart 
Canada Warbler 
Chestnut-sided Warbler 

rbler 

Stand Cluster 
ABCDEF 

FIGURE 3. Vegetation variables and bird species 
that were significantly different among TWINSPAN 
stand clusters. For each variable, cells in black are not 
different (based on LSD randomization test) from the 
highest value, white are not different from the lowest 
value, and gray are significantly different from the low 
and high values. 

ties of ground-nesting Neotropical migrants us- 
ing pure aspen stands compared to the other 
stand types may have caused this difference. 
Higher species richness and abundance in 
mixedwood stands were likely caused by greater 
floristic and structural diversity in the canopy 
and subcanopy of mixedwood stands relative to 
pure stands (Bersier and Meyer 1994, Kirk et al. 
1996). 

For birds in temperate regions, there appears 
to be a close relationship between habitat diver- 
sity and species diversity (Rosenzweig 1995). 
Even small patches of different habitat within 
uniform stands are often enough to account for 
the occurrence of a particular species. For ex- 
ample, in their analysis of habitat associations of 
breeding birds of boreal forest in Alaska, Will- 
son and Comet (1996b) noted that one or two 
spruce trees in a deciduous stand was enough 
for Ruby-crowned Kinglet or Hermit Thrush to 
hold a territory, and that these species would 
forage in the surrounding deciduous vegetation. 
Similarly, Robichaud and Villard (1999) found 
that Black-throated Green Warblers breeding in 
Alberta, Canada, apparently selected territories 
in mixedwood forest based on the distributions 
of coniferous species. However, the increase in 
species richness we observed in mixedwood 
stands was not just because species that use de- 
ciduous forest were found in mixedwood-conifer 
stands at lower abundance and vice versa. The 
Chipping Sparrow, Pine Siskin, White-winged 
Crossbill, Red-breasted Nuthatch, Swainson’s 
Thrush, and Tennessee Warbler were signifi- 
cantly more abundant in mixedwood stands rel- 
ative to pure stands. 

Mixedwood stands may support more species 
and more individuals for a variety of reasons. 
Increased structural diversity in mixedwood 
stands likely provides a greater array of nesting 
locations than pure stands. Consequently, a 
greater diversity of bird species may be able to 
coexist per unit area in mixedwoods. Structural 
heterogeneity in mixedwoods may increase nest- 
ing success by reducing the ability of predators 
to find nests due to greater visual clutter around 
nests (Martin 1993). In our study area, artificial 
nests in white spruce-dominated mixedwoods 
were less likely to be destroyed by red squirrels 
(Tumiasciurus hudsonicus) than nests in pure 
white-spruce stands, even though the abundance 
of squirrels was similar between these stand 
types (Bayne et al. 1997). Food abundance also 
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could be different in mixedwoods than in pure 
stands. Litter and shrub invertebrates can reach 
higher densities in deciduous forests than in co- 
niferous forests (Werner 1983, Willson and 
Comet 1996a). Conversely, the canopies of co- 
niferous forests often have higher densities of 
larval lepidoptera than deciduous forests (Qiong 
et al. 1996). With coniferous and deciduous trees 
together, mixedwoods may provide a more di- 
verse and abundant food supply for birds. 

Although stand heterogeneity resulted in in- 
creased species richness and abundance, abso- 
lute differences among stands were highly de- 
pendent on the dominant tree species. Overall, 
white spruce and trembling aspen stands had 
higher species richness and abundance than 
jackpine or black spruce stands. In their review 
of bird communities in forests across North 
America, James and Wamer (1982) suggested 
that coniferous forests with only one or two tree 
species typically had fewer bird species than de- 
ciduous forests of the same age. Willson and 
Comet (1996b) argued that differences in spe- 
cies richness between deciduous and coniferous 
forests are less consistent in northern and west- 
em regions of North America, but that the con- 
trast between coniferous and deciduous forests 
decreases with increasing latitude. Our data sug- 
gest such generalizations about the level of avi- 
an diversity in deciduous and coniferous forests 
may be too simplistic. In the boreal forest of 
Saskatchewan, bird communities in trembling 
aspen forests differed considerably from those in 
coniferous forests. However, white spruce stands 
supported a much more diverse bird community 
than black spruce or jackpine. White spruce 
stands had greater shrub diversity and larger 
trees than black spruce or jackpine stands, which 
likely resulted in a greater volume of foliage. 
Foliage volume is an important factor influenc- 
ing insect abundance (Newton and Moss 1977) 
and nest site availability (Martin 1993). 

Differences in total bird abundance among 
stand types were not consistent among nesting 
guilds. Cavity-nesting birds were most common 
in mixedwoods, particularly white spruce and 
trembling aspen, possibly due to the larger size 
of the trees in these stands. Canopy-nesting birds 
were more abundant in white spruce stands, re- 
flecting the higher volume of foliage and greater 
vertical structure of these trees relative to jack- 
pine and black spruce. Shrub-nesting birds were 
more abundant in mixedwoods, likely due to 

greater subcanopy diversity in these stands. 
Ground-nesting birds were most common in 
pure and mixed trembling-aspen stands, and this 
corresponded with greater ground cover diver- 
sity in these stands. 

Almost all bird species in this study were 
found in at least two stand types and 43% of 
species were found in all stand types. This sug- 
gests that many boreal forest birds have rela- 
tively broad habitat requirements, a pattern con- 
sistent with previous studies of northern bird 
communities (Erskine 1977, Welsh and Lough- 
eed 1996, Willson and Comet 1996b). Many 
species in Saskatchewan seem to be able to use 
any conifer-dominated habitat (Yellow-rumped 
Warbler, Ruby-crowned Kinglet, Chipping Spar- 
row, Cape May Warbler). However, the majority 
of species found in coniferous forests were most 
abundant in pure and mixed white-spruce stands 
(e.g., Blackbumian Warbler, Bay-breasted War- 
bler, and Winter Wren). Old white-spruce stands 
are becoming particularly rare in the landscape 
due to their economic value as timber (Cum- 
ming and Armstrong 1999). Conversely, no spe- 
cies occurred exclusively in jackpine stands and 
many appeared to avoid this stand type. This 
may be significant from a conservation perspec- 
tive because silvicultural programs in many ar- 
eas of western Canada encourage planting of 
jackpine in cutover spruce or aspen areas due to 
the rapid growth of jackpine on most soil types 
(Kabzems et al. 1986). Although many species 
in the boreal forest seem to be habitat general- 
ists, species like American Redstart, Canada 
Warbler, and Chestnut-sided Warbler rely on 
trembling aspen stands exclusively (Hobson and 
Bayne 2000). 

Previous studies of avian habitat associations 
in the boreal forest of North America have re- 
vealed gradients associated with dry to wet 
stands or with relative deciduous and coniferous 
composition, usually related to stand age 
(Schieck et al. 1995, Kirk et al. 1996, Welsh and 
Lougheed 1996). Our study is the first to ex- 
amine community changes associated with 
mixedwood vs. pure stands in western Canada 
and reveals important potential consequences of 
silvicultural manipulations in the boreal forest. 
Current logging practices in the boreal forest of 
western and central Canada are targeting mature 
to old white spruce and aspen forests (Cumming 
et al. 1994). This trend is alarming in that these 
forests have higher avian diversity than jackpine 
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or black spruce forests common throughout 
much of the boreal. In addition, stand treatment 
and future rotational cutting regimes are expect- 
ed to result in the replacement of mixedwood 
stands by uniform stands dominated by one tree 
species and a simplified understory structure 
(Welsh 1993, Kirk et al. 1996). White spruce 
stands often occur as the climax phase of suc- 
cession in the boreal forest and require more 
time to develop than currently allowed under 
standard rotation cycles (Kirk et al. 1996). Our 
study suggests that many avian species may be 
adversely affected by these changes. Sustainable 
management of the boreal forest to maintain bird 
communities requires that appropriate mixtures 
of different tree species be provided at both the 
stand and landscape level. Further studies are 
required that evaluate the most optimal distri- 
bution of stand types and ages, because little in- 
formation exists on the effects on avian com- 
munities of landscape-level changes to natural 
patterns of forest cover in the boreal forest (Dro- 
let and Desrochers 1999). 
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