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PREFACE 

In 1985 the government of Alberta published a 
three-pronged approach to diversify the 
provincial economy. Promotion of high 
technology business, encouragement of tourism, 
and expansion of the forest industry were the 
main focus for the initiative. For Alberta‘s forest 
industry, the announcement came at a perfect 
time. The province had a large volume of 
unallocated timber, prices for a variety of forest 
products were high, technology had improved the 
potential for utilization of hardwood species, and 
tax and incentive structures created a positive 
environment for investment. Alberta also had 
modern forest management systems and the 
appropriate legislation was in place to ensure a 
perpetual supply of timber. The province also had 
a tried and tested land-use planning system 
(integrated resource planning). 

Potential investors came forward in large 
numbers and several allocations of timber were 
made. What surprised government, and many 
other observers, was that this expansion of 
industrial activity into provincial Crown land was 
not welcomed universally. Significant public 
concern was raised about clean air and clean 
water. Concern was also raised about the fact that 
the land-use planning process had not been 
applied to much of the forested area of the 
province. In addition, the public was concerned 
that fish, wildlife, and other forest values were 
not considered in forestry management. 

Eventually, the announced forestry projects went 
forward but industry, government, and other 
stakeholders came to realize that the evolution of 
forest management had to be accelerated. Many 
changes have already occurred. Significant 
technological advances have been made ranging 
from geographic information systems to the 
introduction of low impact harvesting, skidding, 
and hauling systems. Public involvement in forest 
planning has been accepted as part of doing 
business. The provincial government also 
announced and supported a process, the Alberta 
Forest Conservation Strategy, to develop a 
comprehensive forest management policy. 

Due to some unresolved issues, discomfort and 
skepticism of forestry management still exists in 

the public. For example, some Indian land claims 
are still outstanding. Removal of timber from 
private land has increased substantially. Several 
second-phase projects required under existing 
forest management agreements await 
construction. In some cases, forest inventories 
have been shown to over-estimate the long-term 
commercial timber supply. A provincial protected 
areas system has not yet been completed and 
conservation of biodiversity is becoming the call 
to arms for many. 

It is clear that, as forest management issues 
become more complex, we must define, develop, 
and deliver forest ecosystem management. We 
must consider the structure and function of our 
forest ecosystems and attempt to manage, in most 
instances, in ways that approximate natural 
disturbances and their dynamic nature. 

Ecosystem management must be more than the 
accumulation of biophysical data about forests. 
Forest ecosystems also include people; as such, 
we must incorporate economic and social 
systems. There is a huge scientific challenge in 
understanding how linkages can be made between 
environmental, social, and economic factors to 
create the underpinnings of ecosystem 
management. 

Work is already underway. Some companies are 
shaping their planning and operational activities 
around current understandings of ecosystem 
function. They are to be applauded. To date, the 
development of Alberta‘s Forest Conservation 
Strategy has been based on the assumption that 
Alberta‘s forest policy will have ecosystem 
management principles as its foundation. 
Research activities, such as those reported in this 
excellent document, are beginning to create the 
information necessary for this grand experiment 
in integration. These initiatives need to be 
supported both in kind and with dollars. 

But more must be done. From the board room to 
the cab of the feller-buncher, from the legislature 
to talks around the camp fire, ecosystem 
management should be discussed, debated, and 
digested. Government should play a leading role 
– both politicians and bureaucracy. The most 
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important aspect of this leadership is to recognize 
the need to foster partnerships amongst 
stakeholders and to encourage broad and far-
thinking thought on ecosystem management. 
Partnerships must extend beyond government, the 
forest industry, and environmental groups. The 
oil and gas industry, ranchers, recreationalists, 
municipalities, and native groups must all be 
involved. General direction must be charted. 
However, flexibility is also required, as no two 
ecosystems function in identical ways. 

Individual companies, especially the larger forest 
companies, also have a leadership role to play. 
Not only can they address the environmental 
issues but they are in an excellent position to 
study and resolve the economic and social aspects 
of ecosystem management. Similar roles of 
leadership could be described for other players. 

All stakeholders must now recognize that forest 
management has evolved to a consideration of the 
fundamental unit of forests – the ecosystem and 
that this is the proper evolution. The path may be 
long but the only real risks are found in not 
embracing ecosystem management. 

The study reported in this volume is a watershed 
event for ecosystem science in Alberta. I would 
encourage everyone to read, study, and apply its 
contents. Mostly, it should be read with its 
application to ecosystem management of the 
boreal forest in mind. The scientists did the work 
with this objective – not to support a pre-
conceived narrow agenda. Its publication and use 
can signal a broad acceptance of the challenge of 
ecosystem management. 

 
Dr. Kenneth O. Higginbotham 

*
 
 

Former Assistant Deputy Minister, 
Alberta Land and Forest Services 

(1990–1995) 
 

Co-Chair, 
Alberta Forest Conservation Strategy 

(1993–1995) 
 
 
 

*  
Dr. Higginbotham is currently 

Vice-President and Chief Forester 

of Canfor Corporation 
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EXECUTIVE SUMMARY 

Resource managers and the environmental 
community are concerned that intensive clearcut 
logging of Alberta's aspen-dominated boreal 
mixedwood forests at 60–70 year rotations may 
alter the age class structure of the forest land-
scape and result in a change in forest structure 
and biota. In response to these concerns, we 
described forest structure and composition of 
plant and animal communities in young (20–30 
years), mature (50–65 years) and old (120+ 
years) aspen mixedwood stands of fire origin in 
Alberta. The information collected in this study 
will serve as a reference against which structure 
and biota in harvested forests can be compared. 

Old stands were structurally distinct from 
younger seral stages. Their uniqueness was 
related to a combination of canopy break-up and 
subsequent release of understory plants, 
emergence of secondary canopy species (white 
spruce and paper birch), the accumulation of 
deadwood, i.e., snags and down woody material 
(DWM), and the presence of nonvascular 
communities that develop on DWM. Relative to 
younger seral stages, old stands had trees of many 
ages and had more large-canopy trees, large 
snags, and advanced rot-class large DWM. 

Old stands had a deeper organic soil layer and 
greater microtopographic relief than young and 
mature stands. The accumulation of organic 
material in the upper soil horizon may be related 
to greater input of deadwood materials from the 
canopy and subcanopy or to slower 
decomposition rates associated with cooler soils 
found in old stands. 

Young stands had features associated with old 
stands because of residual materials from the 
previous stand cohort that escaped combustion 
during the fire or because of light conditions that 
were similar to old stands. Attributes that escaped 
combustion, or were created during fires, 
included large canopy trees, large snags, and 
coarse DWM. 

Relative to young and old stands, mature stands 
were simple in structure with a closed canopy of 
aspen of relatively similar age, height, and 

diameter. In addition, mature stands had a more 
open understory with fewer shrubs and saplings. 

Successional changes in stand heterogeneity were 
observed. For example, fires produced spatially 
heterogeneous patterns in the densities of trees 
and deadwood materials in young stands. The 
degree of spatial heterogeneity within and among 
stands was lowest in mature stands. In old stands, 
densities of trees and deadwood materials 
retained spatial homogeneity within stands; 
however, these structures became more 
heterogeneous among stands.  

Microclimate varied among stand age by season. 
During summer, young stands were colder at 
night and warmer during the day than other stand 
ages. During winter, old stands were warmer 
during the day and young stands were warmer 
during the night than other stand ages. Soil 
temperatures below ground varied among season 
and by stand age. Old stands had lower soil 
temperatures than other stand ages in summer 
while young stands had the coldest soils in 
winter. Photosynthetically active radiation (PAR) 
varied seasonally and was related to canopy and 
subcanopy foliation and defoliation events. 
Mature stands had lower levels of PAR and 
higher wind speeds than did young and old 
stands. 

Herbaceous cover during summer was positively 
correlated with temperatures above and below the 
ground surface. Shrub/sapling cover and depth of 
organic material (DOM) were negatively 
correlated with air and soil temperatures during 
summer. Soil temperatures were highest beneath 
forest canopies characterized by tall sparse trees 
and decreased as shrub/sapling cover and DOM 
increased. PAR was positively correlated with 
tall sparse trees, shrub/sapling cover, and DOM, 
and negatively correlated with grass and herb 
cover. 

Compositional changes in understory vascular 
plants during succession in aspen mixedwood 
forests followed an initial floristics, rather than a 
relay floristics, pattern. Species turnover 
(introduction/extinctions) from young to old 
stands were relatively uncommon. Turnovers 
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occurred mostly among uncommon species and 
were independent of stand age. Approximately 
half of the species differed in abundance among 
stand age. Of the species that changed, most 
either increased or decreased monotonically with 
stand age. Successional changes and patterns in 
understory plants were the result of changes in 
the relative frequency of core species. The core 
group produced the different physiognomic 
profiles that were associated with different stand 
ages. 

Old aspen mixedwood stands had the greatest 
variety of woody substrates available in different 
decay stages; consequently they supported the 
greatest number of moss, liverwort, and fungi 
species. High variability of habitat types in old 
stands may also explain why old stands had more 
rare nonvascular species than either young or 
mature stands. These species were categorized 
into three ecological groups: epiphytes (species 
commonly found on live trees); epixylics (species 
typical of rotting wood). and terricolous species 
(species that use the ground as their primary 
habitat). Different decay stages of DWM did not 
have unique nonvascular assemblages due to high 
intergradation of species. Epiphytes were more 
abundant on early decay stages, epixylics were 
more abundant on intermediate decay stages, and 
terricolous species were more abundant on 
advanced decay stages. The sensitive liverwort 
group was restricted to intermediate stages of 
decay. Nonvascular species assemblages on 
similar decay stages of DWM were different 
among stand ages, indicating that time, as well as 
structural attributes, was important in 
determining species assemblages. 

A rich biota in aspen mixedwood forests was 
identified including 47 lichen species, 39 mosses, 
7 liverworts, 24 fungi, 11 pteridiophytes 
(horsetails, club mosses, and ferns), 65 herbs, 27 
shrubs, 6 trees, 3 amphibians, 76 birds, and 33 
mammals.  

Old stands had greater bird species richness than 
young stands, which had greater richness than 
mature stands. Variation in abundance among 
stand age was evaluated for 33 bird species that 
were detected ten or more times. Twenty-one 
species had their highest abundance in old stands, 
nine species had their highest abundance in 

young stands, and only three species had their 
highest abundance in mature stands. 

Variation in bird abundance among stand age 
may have been caused by variation in vegetation. 
During succession within aspen mixedwood 
forests, density of live trees decreased, height of 
canopy trees increased, and density of large live 
trees, large dead trees, and large DWM increased. 
As a secondary pattern during succession, canopy 
and understory heterogeneity were greatest in old 
stands, intermediate in young stands, and lowest 
in mature stands. Many attributes of deadwood 
(snags and DWM) and understory plant 
communities were correlated with variation in 
canopy heterogeneity. For most species of birds, 
abundances were related to variation in one, or 
both, of these two major successional patterns of 
forest community attributes. Abundance of 20 
bird species was correlated with successional 
stage, and abundance of 14 bird species was 
correlated with canopy heterogeneity. Ten of the 
21 species that were most abundant in old stands 
preferred conifer-dominated mixedwood forests 
during the breeding season; they may have been 
most abundant in old stands because those stands 
contained many conifer trees. 

Mammal species richness in summer was 
significantly higher in old stands than in young or 
mature stands. During winter, mammal species 
richness was higher in old and young stands than 
in mature stands. Variation in relative abundance 
among stand age was evaluated for 19 mammal 
species that were detected ten or more times. 
During summer, most species had their highest 
abundance in old stands (9), followed by young 
stands (4), then by mature stands (3). Differences 
in mammal abundance during winter were less 
obvious (2, 3, 1 species had their highest 
abundances in old, young, and mature stands, 
respectively).  

Changes in mammal species abundance were 
associated with forest community attributes that 
varied in relation to successional stage (stand 
age) and canopy heterogeneity. Complex old 
stands supported more species at high relative 
abundance, structurally simple mature stands 
supported few species at high relative abundance, 
and young stands that were intermediate in 
structural complexity due to pre-fire residuals 
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(snags, large live trees, DWM) supported an 
intermediate number of species at high relative 
abundance.  

Three mammal groups were examined in greater 
detail because of their economic importance 
(ungulates) or because of their perceived 
sensitivity to logging practices (bats, flying 
squirrel). During winter, forest structures that 
offer thermal protection may limit deer 
abundance, while browse availability may limit 
moose abundance. For example, relative 
abundance of white-tailed deer during winter was 
significantly higher in old than in young and 
mature stands, a trend that may be explained by 
greater availability of thermal protection (white 
spruce) found proximal to shrubby browse in old 
stands. Relative abundance of moose during 
winter was significantly higher in young and old 
stands than in mature stands, a trend that may be 
explained by high abundance of shrub and 
sapling browse in young and old stands. For both 
white-tailed deer and moose, abundance did not 
differ among stand age during summer; thus, their 
abundance seems to be affected by stand age only 
in winter. 

Bat abundance was evaluated using echolocation 
calls and feeding buzzes, while bats fitted with 
radio transmitters were used to locate roost trees. 
Adult and juvenile little brown bat, silver-haired 
bat of both sexes, and one adult of both hoary bat 
and northern long-eared bat were captured. Nine 
little brown bat and five silver-haired bat were 
radiotagged and followed to 23 roosts, all in 
Populus spp. trees. Mean roost tree height and 
DBH were 21.8 m and 41.4 cm, respectively, for 
little brown bat, and 22.4 m and 41.3 cm for 
silver-haired bat.  

Myotis spp., silver-haired bat, hoary bat, and big 
brown bat were detected in all stand ages. Myotis 
spp. constituted the highest proportion of total 
activity (#passes/hr) in both years. During 1993, 
more old stands than young stands were used by 
Myotis spp. and all bats in the first hour post-
sunset; during 1994, more old stands than both 
young and mature stands were used. The 
distribution of bat activity in the boreal forest 
was related to the density of trees in the forest, 
the presence of large gaps in the canopy, and the 

abundance and distribution of roost trees in 
stands of different ages. 

Flying squirrel abundance was higher in old 
stands than other stand ages and was positively 
related to conifer and shrub/sapling densities. 
Although flying squirrels frequently used cavities 
with small entrances in large diameter aspen 
snags, preference for den trees, relative to 
availability, appeared to be based on the 
following characteristics: live trees, low decay 
stage, high percent of bark remaining, a single 
cavity in the tree, and a large cavity entrance. 

Much of the structural complexity (residual green 
trees, snags, DWM) found in young stands is 
related to the variable manner in which fire burns 
through aspen mixedwood forests. Furthermore, 
these structures appear to be highly related to the 
presence and abundance of many different 
species of plants and wildlife. If this general 
connection between fire, stand structure, and 
biodiversity exists, then resource managers must 
compare structures retained by natural 
disturbances (e.g., wildfire) to those left by 
human-caused disturbances (e.g., clearcuts).  

The current and dominant form of forest 
management in Alberta‘s mixedwood forests 
includes unstructured clearcut logging, a narrow 
range of rotation ages leading to a constant-age 
class merchantable forest, silvicultural 
enhancement for conifer regeneration, and the 
administrative separation of the hardwood and 
softwood landbase. These forestry practices are 
fundamentally different from fire as a stand-
initiating event and, when implemented over 
periods as short as one rotation, will lead to a 
forest landscape that is both different and more 
uniform than those found presently. Changes to 
the forest landscape caused by current forestry 
practices include the loss of structural complexity 
(green trees, snags, DWM) in young forests, loss 
of older forest stages, and the likely spatial 
separation of aspen and conifers. The 
transformation of the boreal forest landscape, in 
turn, is likely to alter the composition and 
abundances of biota and the nature of ecological 
processes. Current forest management practices, 
therefore, are inadequate to ensure the ecological 
integrity of Alberta‘s boreal mixedwood forests. 
Results of this study offer a template for 
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incorporating the natural dynamics of snags, 
DWM, and conifer regeneration into forestry 
operations. 

Provincial government agencies and the forest 
industry are therefore encouraged to: 

1)  accept the ecological importance of fire in 

maintaining stand and landscape level 

variability, and therefore a) implement forest 
harvest strategies that approximate patterns 
produced by fire by retaining structures 
(green trees, snags, DWM), b) adopt variable 
harvest rotation ages, and c) maintain natural 
disturbances in the boreal mixedwood forest 
to the extent permissible by society, 

2)   recognize the existence of a distinctive 

"old-growth" stage in aspen mixedwood 

forests, and ensure that appropriate 
frequencies of older seral stages are 
maintained in the boreal forest landscape. 
The practice of sequencing the harvest of old 
stands early in the rotation needs to be re-
evaluated in the context of maintaining 
appropriate frequencies of all seral stages on 
the forest landscape. An empirical 
description of fire return intervals offers a 
preferred model for maintaining age class 
structure of managed aspen mixedwood 
forests, 

3)   recognize that mixed canopies of aspen and 

spruce dominate the mixedwood forests 

and that this interspersion provides 

important substrate, forage, nesting, and 

cover for many biota, and therefore devise 
land tenure, harvesting, and silviculture 
systems that do not encourage the unmixing 
of hardwood and softwood species at the 
scale of the stand, and 

4)   recognize that many of the ecological 

effects of commercial forestry, including 

those guided by forest ecosystem 

management, are presently unknown, and 
therefore establish aspen mixedwood forest 
reserves of appropriate scales as ecological 
bench marks against which other forest land-
uses can be evaluated. 

The implementation of these recommendations 
may affect future production and availability of 
tree fiber for harvest from Alberta‘s aspen 
mixedwood forests. Changes to forest harvest 
levels will be affected by the degree to which the 
recommendations are adopted (i.e., how much 
structure is retained on cutblocks, how variable 
rotation ages become, how much wildfire occurs 
on the landscape, how much area is assigned to 
unharvested reserves). For example, the retention 
of high densities of live aspen trees on cutblocks 
for purposes of wildlife habitat or ecological 
processes will likely reduce post-harvest aspen 
regeneration and, hence, future fiber production. 
A review of the social and economic 
consequences of the proposed recommendations 
is required to arrive at sustainable management 
goals that meet ecological, social, and economic 
criteria. However, resource managers must 
recognize that all forest-based land-uses and 
social benefits (i.e., commercial forestry, hunting, 
aesthetics, bird-watching, etc.) ultimately depend 
on functional forest ecosystems; hence wise 
forest stewardship should be the primary and 
over-riding societal objective. 
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1. INTRODUCTION 

J. Brad Stelfox 

Hunting, trapping, fishing, and gathering have 
been the traditional aboriginal land-uses of the 
boreal mixedwood forests in Alberta (Dempsey 
1974). During the last several decades, human 
land-uses in this ecoregion have diversified, 
intensified, and left a visible imprint on the 
mixedwood landscape. Boreal mixedwood forests 
have been commercially logged for conifers, 
transected by roads and seismic cutlines, and 
regionally fragmented by agricultural practices. 
Most recently, Alberta‘s public mixedwood 
forests have been allocated for harvest of 
trembling aspen for pulp, paper, and oriented 
strand board products. With relevance to 
commercial forestry, this report describes the 
structure and biodiversity of aspen-dominated 
mixedwood forests of fire-origin. 

The Boreal Mixedwood Forest 

The boreal mixedwood forest in Canada extends 
from southwestern Manitoba, through the central 
and northern parts of the prairie provinces, and 

into northeastern British Columbia (Figure 1.1; 
Rowe 1972). Within Alberta, this ecoregion 
covers 290,000 km2 and comprises more than 
40% of the province (Strong and Leggat 1992). 

The boreal mixedwood forest is a mosaic 
landscape comprised of stands that vary in tree 
composition, age, size, shape, and dispersion 
(Peterson and Peterson 1992). Trembling aspen 
and white spruce dominate boreal mixedwood on 
upland mesic sites with medium-textured soils. 
Past vegetation classifications in Alberta have 
largely focused on aspen as a seral stage for 
conifer-dominated climax communities (Corns 
and Annas 1986; La Roi 1992). However, aspen 
can also occur as a climax community throughout 
the low and mid mixedwood ecoregion (Fairbarns 
1992; Kabzems et al. 1986). Although mixed 
stands of aspen and white spruce are typical of 
much of the boreal mixedwood region (Kabzems 
et al. 1976), pure stands of each species and 
others do occur (Thorpe 1992; Burton et al. 
1994). 
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FIGURE 1.1. Distribution of the boreal mixedwood forest in western Canada (modified from Rowe 1972). 

Balsam poplar, paper birch, black spruce, jack 
pine, tamarack, and balsam fir can be locally 

abundant throughout the boreal mixedwood 
forest. Topographically depressed areas with 
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impaired drainage are generally dominated by 
black spruce and tamarack, whereas willow 
communities are common near lake margins and 
continuous and intermittent streams. Pines are 
found primarily in xeric sites. 

Although much of the variability found in forest 
communities is caused by variation in soil type, 
elevation, and topography (Oliver 1992), natural 
disturbances occurring since the retreat of 
continental glaciers have contributed to high 
levels of heterogeneity in boreal landscapes 
(Pickett and White 1985; Attiwill 1994). During 
this post-glaciation period, boreal forests 
experienced flooding, insect attacks, and 
windstorms, but fire was the primary disturbance 
that shaped these communities (Rowe and Scotter 
1973; Kelsall et al. 1977; Barney and Stocks 
1983; Johnson 1992). Vegetation patterns created 
by fire on the boreal landscape are complex and 
dynamic because fire cycles vary both in space 
(Payette et al. 1989) and time (Bradshaw and 
Zackrisson 1990; Clark 1990; Bergeron 1991). 
Differences in stand size of boreal mixedwood 
forests caused by spatial variability in fire 
disturbance events have been reported by Rowe 
and Scotter (1972), Eberhart and Woodard 
(1987), Johnson (1992), and Engelmark et al. 
(1993). 

During recent decades, the role of natural 
disturbances in boreal forest systems has changed 
as human land-use practices and attitudes have 
altered the intensity, recurrence, and geographic 
extent of flooding, fire, and insect infestations. 
On the one hand, improved fire suppression may 
have reduced the rate of wildfire in the boreal 
mixedwood forests of Alberta during the last 
several decades (Murphy 1985; Delisle and Hall 
1987; Burton et al. 1994). In the boreal forests of 
Alberta, fire return interval increased from 38 
years in pre-settlement times to 90 years by the 
late 1960's (Murphy 1985). But, on the other 
hand, anthropogenic disturbances are now 
common and growing in prevalence in Alberta's 
boreal forests (Dancik et al. 1990). Some land-
use disturbances, such as agriculture, seismic 
activity, urban sprawl and transportation 
corridors, permanently remove patches or 
corridors of forests from the mixedwood mosaic. 
Other disturbances, such as commercial logging, 
permit the forest to persist, although in a different 

form and subjected to altered ecological 
processes (Maser 1994). 

The current age structure of aspen mixedwood 
forests in northeastern Alberta varies from 0 to 
150+ years (Figure 1.2) (Alberta Land and Forest 
Services 1994). The reduced frequency of young 
forests is generally attributed to effective fire 
suppression (Murphy 1985), although climate 
change has been implicated (Johnson and Larsen 
1991). For northeastern Alberta, approximately 
20% of the merchantable landbase is classified as 
older than the 70 year rotation currently used for 
harvest of trembling aspen (Alberta Forest 
Service 1985). The age structure of this forest 
biome is therefore projected to change under 
conventional forest harvest practices. 
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FIGURE 1.2. Age-class frequency of aspen mixedwood 
forests in northeastern Alberta on the forest 
management agreement (FMA) area of Alberta-Pacific. 

Flora and Fauna 

Alberta‘s boreal mixedwood forest supports a 
diverse assemblage of organisms, including 40 
fish species (Nelson and Paetz 1992), five 
amphibians (Russell and Bauer 1993), one reptile 
(Russell and Bauer 1993), 236 birds (Francis and 
Lumbis 1979; Semenchuk 1992), and 45 
mammals (Pattie and Hoffmann 1992; Smith 
1993). Taxonomic richness of arthropods in the 
boreal forest is poorly documented, but is 
believed to be remarkably high. For example, 
insect taxa in Canada‘s boreal forest have been 
estimated at 220,000 species, of which only half 
have been enumerated (Danks and Foottit 1989). 
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Based on distribution maps in Moss (1983) and 
Vitt et al. (1988), conservative estimates indicate 
a rich diversity of plants in Alberta‘s boreal 
mixedwood forests, including 600 vascular 
species, 17 ferns, 104 mosses, 13 liverworts, and 
118 lichens. 

Growth of the Aspen Forest Industry 

Technological developments in the processing of 
hardwood fiber for pulp have encouraged forest 
companies to harvest the large volumes of 
trembling aspen that occur on Alberta‘s public 
lands. Thus, relative to Alberta‘s total available 
annual allowable cut (AAC) for hardwood 
species (9.6 million m

3
), allocations for harvest 

have increased from 2% (1971) to 15% (1988) to 
73% (1994) (Karaim et al. 1990; Peterson and 
Peterson 1992; Alberta Land and Forest Services 
1994). 

Advocates of this new hardwood pulp industry 
state that it will strengthen local and regional 
economies and offers agriculturalists a viable 
aspen woodlot option for marginal lands (Forrest 
1993; McKenzie-Brown 1993; Stevenson 1993; 
Young 1993). Commercial logging in Alberta has 
emerged as a primary disturbance in boreal 
mixedwood forests and is now the basis of a large 
forest industry that generates 29,000 jobs, $456 
million in salaries and wages, and $846 million 
from export of pulp and lumber annually (The 
State of Canada‘s Forests [Anonymous 1993]). It 
is against this considerable socio-economic 
contribution that concerns regarding the 
sustainability of Alberta‘s forests must be 
directed. 

In response to growing public and professional 
concerns, the management of North America's 
public forests is now in a state of transition. In 
the boreal forest, intensive systems based on 
high-yield, short-rotation logging have been 
criticized and are becoming less prevalent as 
forest practices broaden to meet new societal 
objectives. More holistic, ecosystem-based 
approaches have stemmed from concerns by the 
public, environmentalists, and managers that 
intensive forestry results in the loss of old-growth 
forests, and compromises such non-fiber 
attributes as wildlife, soil nutrients, and water 
quality (Thomas 1979; Maser 1994). These fears 

appear to have emerged, in part, from growing 
public awareness that human land-use practices 
are placing regional and global biodiversity at 
risk (Burton et al. 1992; Wilson 1992). 

In Alberta, uncertainty about the sustainability of 
intensifying forest practices (Dancik et al. 1990) 
has lead to the initiation of the Alberta Forest 
Conservation Strategy, the Forest Care Code, and 
discussions about the need to rewrite ―The 
Forests Act‖. The scale, intensity, and philosophy 
of forest practices are of concern to Albertans, 
and have received considerable attention from the 
popular media (Nikiforuk and Struzik 1989). 
Opponents of a large-scale hardwood industry 
throughout Alberta‘s boreal forests say that it is 
founded on dubious economic arguments (Butler 
1993, 1994; McInnis 1994; Pratt and Urquhart 
1994), and warn that it may change forest 
community structure at a landscape scale, 
decrease biodiversity, and erode opportunities for 
ecotourism. 

Old Growth Forests 

Natural forest succession becomes truncated 
when forest allocations are based on economic 
models that measure the value of trees in terms of 
maximum growth and commercial maturity. 
Under such harvesting strategies, the frequency 
of older seral stages (i.e., old growth) can be 
greatly reduced (Maser 1994). Although defining 
―old growth‖ has proven challenging, the 
definition provided by Thomas et al. (1988) may 
serve most forest communities well: ―Old growth 
is best perceived as a stage of forest development 
characterized by more diversity of structure and 
function than that found in younger successional 
stages.‖ Though the exact nature of the old 
growth syndrome differs among forest types, 
some general patterns emerge (Thomas et al. 
1988): 1) a multi-layered canopy of two or more 
tree species, 2) old or large trees, 3) large snags, 
4) large down woody material, and 5) canopy 
gaps. The unique structural characteristics of old 
growth forests have been described extensively in 
the Pacific Northwest (see Thomas 1993 for 
review). 

In general, richness of flora and fauna are 
positively related to structural complexity of the 
community (MacArthur et al. 1962; Levins 1968; 
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May 1975). In accordance with this theory, 
structurally complex old growth conifer forests 
have been shown to support a greater biodiversity 
of fungi (Hawksworth 1991), insects (Olson 
1992), amphibians and reptiles (Blaustein et al. 
1995), birds (Meslow 1978; Thomas 1993), and 
mammals (Maser and Trappe 1985; Carey 1989; 
Rainey et al. 1992; Thomas 1993) than do 
younger forests, although this pattern is not 
universal (Hansen et al. 1991). 

Most studies conducted in boreal mixedwood 
forests have examined successional trajectories 
that lead to conifer-dominated canopies (Dix and 
Swan 1971; La Roi and Ostafichuk 1982). In 
contrast, relationships between forest age, forest 
structure, and biodiversity of aspen mixedwood 
forests are poorly understood. No community-
based studies have been completed that examine 
the relationships of aspen mixedwood stand age 
to forest structure, or successional patterns 
involving nonvascular species, arthropods, and 
the vertebrate community. Taxal groups that have 
been studied in aspen mixedwood stands of 
different age include herbaceous plants (Swan 
and Dix 1966; La Roi and Ostafichuk 1982; 
DeLong 1988), birds (Flack 1976; Westworth and 
Telfer 1993), and selected mammals (Westworth 
et al. 1984; Probst and Rakstad 1987).  

Research Objectives 

The intensive and short rotation harvest (60–70 
years) of aspen mixedwood stands that is 
currently practiced by the forest industry in 
Alberta has caused concern about the potential 
effects of a truncated age-class distribution on a 
diverse regional biota and the integrity of the 
forest system. In response to these concerns, the 
Alberta Environmental Centre conducted a four-
year study (1991–1995) to examine structure, 
composition, and biodiversity of young (20–30 
years), mature (50–65 years), and old (120+ 
years) aspen mixedwood stands. The study was a 
collaborative research effort involving 
researchers from the Alberta Environmental 
Centre, Canadian Forest Service, University of 
Alberta, and University of Calgary. The project 
occurred in the Forest Management Agreement 
area of Alberta-Pacific because that FMA has 
extensive tracts of mixedwood forests dominated 
by trembling aspen, and Alberta-Pacific has 

adopted an ecosystem-based approach to land 
stewardship. 

The objectives of this study were:  

 To describe the forest community structure of 
young, mature, and old aspen mixedwood 
stands. 

 To describe the composition and relative 
abundance of vascular plants, nonvascular 
plants, birds, and mammals of young, mature, 
and old aspen mixedwood stands. 

 To identify structural features of aspen 
mixedwood stands that were associated with 
abundance of plant and wildlife species. 

 To identify species of plants and wildlife that 
were associated with specific forest 
successional stages, so that those species may 
receive greater attention in forest 
management plans. 

 To examine current stand-level logging 
strategies and regulations in light of our 
research findings and to recommend changes, 
where appropriate. 

Experimental Design 

The wide taxonomic focus adopted by this 
project (38 plant families, 20 bird families, 12 
mammal families) did not allow for the use of 
detailed demographic techniques, nor for the 
determination of absolute densities or 
reproductive performance of wildlife populations. 
Assessments of populations were based on 
indices of relative abundance. We assumed that 
indices provided an accurate approximation of 
the relative abundance of species among stand 
age, which in turn indicated the general capacity 
of a stand age to support plant or wildlife 
populations (Thomas et al. 1979, but see Van 
Horne 1983). Although this report does not 
present information on invertebrates, an 
arthropod study was conducted cooperatively on 
the research area by Dr. John Spence (University 
of Alberta), Dr. Dave Langor (Canadian Forest 
Service), and James Hammond (University of 
Alberta). Preliminary results are presented in 
Spence and Langor (1994) and Hammond (1995). 
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All research stands of this study had aspen 
canopy cover exceeding 80% and were therefore 
defined as deciduous (D) stands by the Phase 3 
forest inventory of the Alberta Forest Service. 
Conifers, primarily white spruce, were present in 
the understory or canopy of mature and old 
stands. All stands exceeded 75 ha and were of 
fire origin. Young stands were initiated from fires 
occurring between 1968–1971, mature stands 
were dated to fires occurring from 1931–1937, 
and old stands were dated to fires occurring from 
1848–1872. The rationale for selecting these 
stand age classes was as follows: 

Young stands. The elapsed time since the last 
fire was sufficiently short (<30 years) to allow for 
a reconstruction of stand characteristics at the 
time of the disturbance event. From these stands, 
it was possible to quantify prevalence of forest 
structures that escaped combustion, such as live 
veteran trees, snags, and down woody material. 
These stands are considered typical of a 
successional stage where sapling competition for 
light and nutrients is extreme and where self-
thinning is pronounced (Peterson and Peterson 
1992). 

Mature stands. This category was selected to be 
typical of stand harvest age (50–70 years) for the 
hardwood industry in Alberta. In a landscape 
subjected to high-yield, short-rotation forestry for 
greater than one rotation, this stand age category 
will become the dominant old forest stage in the 
merchantable landbase. In forestry terms, these 
stands approximate rotation age and age of 
maximum annual increment (MAI). 

Old stands. These stands are old (120+ years) 
and, from a forestry perspective, beyond optimum 
harvest age. Mortality of tall and large canopy 
trees is characteristic of these stands, as are 
canopy gaps, large snags, and large down woody 

material. The frequency of this stand age on the 
landscape would be reduced by a forest strategy 
based on short-rotation logging.  

We completed a preliminary examination of ~100 
candidate stands identified using forest polygon 
information (cover type, canopy height, stand 
origin) from the Phase 3 AFORISM database 
(Alberta Forest Service 1985). Each candidate 
stand was examined using aerial reconnaissance, 
extensive ground truthing, and by coring canopy 
trees for age determination. We derived 
preliminary stand descriptions for a random 
sample of upper canopy trembling aspen trees 
within each of our selected stands (N=30 
trees/stand) by counting rings from tree cores, 
and measuring height and diameter at breast 
height (DBH) (Table 1.1). 

Twelve stands, consisting of four replicates of the 
three successional stages, were selected (Table 
1.1, Figure 1.3). This design was chosen as a 
compromise when considering statistical power, 
range of forest attribute variances, and logistical, 
funding, and personnel constraints. Fewer age 
classes would not have allowed us to examine a 
full range of successional variance; more age 
classes would not have permitted adequate 
replication. 

Six sites were randomly positioned within each 
stand (Figure 1.4) using aerial photographs 
(1:20,000–1:40,000) overlayed with a 100 x 100 
m transparency grid. Site centres closer than 200 
m to stand perimeter, 100 m to cutlines, or closer 
than 200 m from other sites were not eligible for 
selection. Following selection, exact locations of 
each site were determined from aerial 
photographs (1989–1990) using conspicuous 
reference points (primarily cutline intersections), 
directional bearing, and distance measurements 
(Appendix IV). 



 

 6 

Heart
Lake

Calling

Lake

Lac La

Biche

Touchwood
Lake

La Biche
River

Grassland

Beav er

Lake

M1
M4

O3

O4

O2

M3 M2
O1

ALPAC Mill

Wandering
River

Y2

Y3

Y4

Athabasca

Athabasca
River

Y1

Alberta-

Pacific

FMA

Research
Area

 
FIGURE 1.3. Location of research forest stands in Alberta. Y=young, M=mature, O=old. Approximate location of the 
Alberta-Pacific FMA border shown. 
 

TABLE 1.1. Locations and characteristics of research stands, including tree DBH, stem densities, and canopy heights. 

 
Stands Township-Range (Section) Area (ha) Age (yr) Mean DBH (cm) Stems/ha Canopy height (m) 

Young 1 70–19 (21, 22) 98 23 5.3±0.2 5511±876 7.0±0.3 
Young 2 70–18 (7, 8, 9) 139 24 7.8±0.3 3236±757 11.6±0.1 
Young 3 69–19 (15, 22) 142 24 6.9±0.3 2967±140 9.4±0.3 
Young 4 70–19 (32, 33) 79 26 7.2±0.3 3752±320 9.1±0.2 

Mature 1 69–11 (8, 16, 17, 18) 187 63 15.6±0.5 2328±111 18.6±0.2 
Mature 2 67–10 (29, 32) 269 52 16.1±0.6 2098±279 19.8±0.3 
Mature 3 67–11 (28, 29, 32, 33) 315 51 15.4±0.4 2539±158 18.5±0.3 
Mature 4 69–11 (8, 9) 131 57 13.7±0.5 2747±70 15.0±0.3 

Old 1 67–11 (23, 24, 25, 26) 311 143 36.6±1.3 788±48 25.6±0.6 
Old 2 67–11 (34, 35) 134 125 29.1±1.4 846±58 21.9±0.3 
Old 3 68–10 (14, 23) 97 146 45.2±1.8 894±124 23.6±0.5 
Old 4 68–10 (3,4) 187 122 37.9±1.2 635±65 26.7±0.6 
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FIGURE 1.4. Schematic layout of research sites within an aspen mixedwood stand. 

 

Study Area 

The study area (Figure 1.3) is located in Alberta 
between 54° and 55° north latitude, 111° and 
113° west longitude, and varies in elevation 
from 650–700 m a.s.l. Although this area has 
regionally similar geomorphology, climate, and 
plant communities, considerable local variation 
occurs (Kabzems et al. 1976). A general 
geophysical description of the area is found in 
Clissold and Tress (1974).  

Research stands of this study are mesic, 
morainal in origin, and with intermediate slopes 
(6–10%). A gently undulating topography 
characterizes much of the region, with surficial 
features dominated by tills, moraines, outwash 
and fluvioglacial deposits produced during the 
retreat of the Wisconsin ice sheet. In the 
Touchwood Lake area, some of the till deposits 
have formed hills in excess of 100 m above 
local terrain, although 35 m is more typical for 
the region. The general region has numerous 
lakes, ponds, streams, rivers, and open muskeg. 
Most of the lakes are of glacial origin and can 
be categorized as ice scour and glacial tunnel 
lakes. 

The major bedrock formations underlying the 
region are Devonian strata of limestone, 
dolomite, shale, and evaporite. Outcroppings of 
both Devonian and Cretaceous bedrock are 
visible along some deep river valleys. In the 

region of Lakeland Provincial Park, the 
physiography is part of the Mostoos Hills 
Upland of the Alberta Plains Region (Pettapiece 
1986). 

The soils of the area were described and mapped 
by the Alberta Soil Survey (Kocaoglu 1975; 
Kocaoglu and Bennett 1983) and are typical of 
the boreal plains of northeastern Alberta. They 
vary over the undulating topography in the 
general region, with Orthic Gray Luvisol and 
Eutric Brunisols dominating the upland aspen 
portion of the topographic gradient (Wynnyk et 
al. 1963). Parent material is mostly sedimentary 
rocks weathered in situ or translocated by 
glacial activity. 

Most soils are classified as sandy clay loam with 
a clay content of 20–40%. Gray luvisols 
predominate on moderately well-drained, 
medium-textured moraine and lacustrine 
material. These soils are most commonly formed 
beneath forest canopies on well- to imperfectly 
drained deposits. Well-drained glaciofluvial and 
eolian sands are characterized by dystric and 
eutric brunisols. Organic soils occur in bogs, 
fens, peatlands and along most riparian 
channels. 

The climate of the study region is continental, 
humid to sub-humid, and microthermal (Dcf, 
Koeppen) with cold winters (daily mean
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TABLE 1.2. Long-term temperature at the Lac La Biche station (Atmospheric Environment 1981). 

Extreme Extreme Mean Maximums Mean Minimums 

Maximum Minimum May June July Aug Sept Nov Dec Jan Feb Mar 

34 –48 16 20 22 21 15 –11 –19 –24 –19 –13 

 

 

temperature –15.2°C ± 4.8 S.D.) and hot summers 
(daily mean temperature 14.9°C ± 1.2 S.D.) 
(Longley 1970; Table 1.2). Climate data collected 
at the town of Lac La Biche, the closest station to 
our research area, indicated that mean summer 
(May-September) temperatures during 1992 
(12.3°C) and 1993 (12.9°C) did not differ 
appreciably from long-term averages (12.7°C). 
Summer precipitation during 1992 (203 mm) was 
considerably less than 1993 (257 mm) and both 
years were lower than long-term averages (341 
mm). Mean annual precipitation at Lac La Biche 
is 562 mm, of which 60% falls as rainfall 
(Atmospheric Environment 1981). 

Our research study area was located in the 
southern portion of the boreal mixedwood forest 
region. As such, the findings of this project may 
not be representative for the region as a whole. 
For reasons of cost, logistics and road access, it 
was not possible to sample the boreal mixedwood 
forest evenly. 

Experimental Harvest 

Experimental harvest of research stands was 
conducted at the conclusion of the study to permit 
future research projects to evaluate the effects of 
conventional 2-pass clearcut harvest. Two mature 
and two old stands were logged between 
December, 1993 and March, 1994 and two 
mature and two old stands were left intact as 
temporal controls. Harvest layout was a 
patchwork of 30 ha cutovers and residual blocks. 
This experimental treatment will permit the long-
term evaluation of conventional logging on forest 
community structure and relative wildlife 
abundance in cutovers and residual uncut stands. 
Young stands are not logged as part of normal 
forestry operations, and thus this age class was 
not harvested experimentally. The level of green 
tree retention and snag densities in the 
experimental clearcut blocks was similar to those 

observed in operational cutblocks on the Alberta-
Pacific FMA. 

Each research stand has been given protective 
notation status by the Alberta Forest Service to 
minimize the likelihood of it being altered by 
seismic or petrochemical activity, road 
construction, or agricultural land-uses. The 
research community is encouraged to use the sites 
in these stands to collect additional data on 
forest/wildlife relationships. To facilitate 
continuity of data collection, aerial photographs 
of each research stand, showing roads, seismic 
cutlines, and access trails are provided in 
Appendix IV. 

Report Format 

To make this report more readable, only common 
names of plants and animals (where available) are 
used. For those nonvascular and herbaceous 
plants that do not have an accepted common 
name, we use their latin names. A listing of 
common and latin names is provided in Appendix 
III. 

Chapter 1 provides a general overview of the 
flora and fauna of the aspen mixedwood forest, 
examines the rationale and possible consequences 
of commercial aspen forestry, and presents the 
objectives and experimental design of this 
research. A biophysical description of the study 
area is included. Subsequent chapters explore 
relationships between stand age and microclimate 
(Chapter 2), forest structure and floristics 
(Chapter 3), down woody material (Chapter 4), 
understory vegetation (Chapter 5), nonvascular 
species (Chapter 6), birds (Chapter 7) and 
mammals (Chapter 8). Chapters that address 
featured species include ungulates (Chapter 9), 
bats (Chapter 10) and flying squirrel (Chapter 
11). Relationships between the vertebrate 
community and forest structure are discussed in 
Chapter 12. The report concludes with an 
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overview of the project (Chapter 13) and a series 
of applied recommendations for aspen 
mixedwood forest management in Alberta 
(Chapter 14). Appendices include a glossary (I), 
list of abbreviations (II), species list (III), and air 
photos of research stands (IV).  
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2. RELATIONSHIPS BETWEEN MICROCLIMATE AND STAND AGE AND STRUCTURE IN 

ASPEN MIXEDWOOD FORESTS IN ALBERTA.  

David Chesterman and J. Brad Stelfox 

Abstract 

The microclimate of young (20–30 years), mature 
(50–65 years), and old (120+ years) stands of 
aspen mixedwood forests in Alberta was 
described. Temperatures above the ground 
surface (25, 125 cm) varied diurnally and among 
season. Although average daily temperatures did 
not differ by stand age, young stands were colder 
at night and warmer during the day (at both 25 
and 125 cm) than other stand ages during 
summer. During winter, old stands were warmer 
during the day and young stands were warmer 
during the night (at both 25 and 125 cm) than 
other stand ages. Soil temperatures below ground 
(–5, –125 cm) varied among season and by stand 
age. Old stands had lower soil temperatures (–25, 
–50 cm) than other stand ages in summer, and 
young stands were coldest in winter. 
Photosynthetically active radiation (PAR) varied 
seasonally and was related to canopy and 
subcanopy foliation and defoliation events. 
Mature stands had lower levels of PAR and 
higher wind speeds than did young and old 
stands. 

Correlation analyses were used to compare 
microclimate variables to forest community 
attributes. Both above-ground (25, 125 cm) and 
below ground (–5, –25 cm) temperatures were 
positively correlated to herbaceous cover (grass, 
herbs) in summer, whereas shrub/sapling cover 
and depth of organic material (DOM) were 
negatively correlated to summer air and soil 
temperatures. Soil temperatures were higher 
beneath forest canopies characterized by tall 
sparse trees and decreased with increasing 
shrub/sapling cover and DOM. PAR was 
positively correlated with canopies characterized 
by tall sparse trees, frequent gaps, high 
shrub/sapling cover, and high DOM, and 
negatively associated with grass and herb cover. 
Changes in microclimate related to forest 
community structure suggest that forest harvest, 
by altering stand age and stand structure, may 
alter microclimate in aspen mixedwood forests. 

Introduction 

Plant community structure, by affecting incoming 
solar radiation, longwave radiation, wind, and 
precipitation, can significantly modify the 
microclimate beneath a forest canopy (Oke 
1987). Because forest canopy and subcanopy 
structures change during succession (Chapters 3–
5), it is not surprising that several studies have 
shown temporal changes in light, temperature, 
airflow, or precipitation near the forest floor 
(Bazzaz 1979; Bunnell et al. 1985; Ross et al. 
1986; Oke 1987; Messier and Bellefleur 1988; 
Whitney and Foster 1988). Variables that define 
the microclimate, such as temperature, relative 
humidity, and snowpack, may in turn determine 
the occurrence and viability of plant and wildlife 
species (Pruitt 1960; Halfpenny and Ozanne 
1989). Changes in forest structure at a landscape 
scale caused by forest harvest practices may 
therefore alter microclimate and affect regional 
flora and fauna. 

Microclimate affects the growth and survival of 
plants and animals. Van Arsdel (1965) showed 
that microclimate affected many characteristics 
of plant disease epidemics (i.e., molds and rusts). 
For example, dispersal of fungal spores from 
conks on aspen stems was controlled by airflow 
beneath the canopy. In addition, cold 
temperatures, high winds, and desiccation during 
winters in boreal North America may affect 
mortality rates of plants and animals (Meagher 
1971; Hadley and Smith 1983; Perfect et al. 
1988). In response to adverse meteorological 
conditions, a variety of physiological adaptations 
have been employed by plants (Pearson and 
Lawrence 1958; Kimball and Salisbury 1974), 
insects (Ring and Tesar 1981; Lee 1989), 
mammals (Everden and Fuller 1972; Gates and 
Hudson 1979; Merritt 1984; West and Dublin 
1984), and birds (Davenport and Weaver 1982; 
Stalmaster and Gessman 1984). 

The structure and composition of young forest 
stands are shaped by the nature of the disturbance 
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event (i.e., fire intensity) and the pre-disturbance 
forest community from which they arose (Spurr 
and Barnes 1973). Herbaceous plants and shrubs 
may characterize aspen mixedwood forests for a 
short period following fire, but vigorous 
suckering from aspen roots soon creates a dense 
stand of short saplings (Peterson and Peterson 
1992). Once aspen stem dominance is 
established, suckering is inhibited by hormonal 
suppression (Steneker 1977). As the canopy of 
the young stand heightens, self-thinning 
processes cause significant mortality of saplings 
and eventually lead to mature stands of lower 
density and even spacing. If these stands do not 
experience a stand-replacing disturbance event, 
smaller disturbances such as gap dynamics can 
create a patchy canopy characterized by sparse, 
large live trees, snags, and subcanopy trees of 
different age (Chapters 3, 4, 5). 

Intensive forest practices in Alberta, based on 
short-rotation logging, are projected to alter the 
age composition and structure of the aspen 
mixedwood forest. Although several aspects of 
microclimate beneath aspen mixedwood stands 
have been examined (Marston 1956; Ross et al. 
1986; Lieffers and Stadt 1993; Constabel 1995), 
the extent that microclimate beneath aspen 
canopies changes with stand age has not been 
evaluated. Here, we describe and compare 
microclimate (wind speed, PAR, air 
temperatures, ground temperatures) in young 
(20–30 years), mature (50–65 years), and old 
(120+ years) aspen mixedwood stands of the 
southern boreal forest.  

Methods 

Experimental Design 
The environmental setting in which this study 
was conducted and the methods used to select 
research stands and sites are described in Chapter 
1. The techniques used to quantify forest 
community structure are described in Chapters 3, 
4, and 5. 

Between May 1992 and September 1993, seven 
microclimate stations were positioned in aspen 
mixedwood forests of three stand ages: young 
(N=2), mature (N=2), and old (N=3). Young 
stands were 20–30 years, mature 50–65 years, 
and old stands were greater than 120 years. 

Microclimate stations were placed beneath the 
canopy in locations typical of the stand. A level 
area was chosen to minimize differences in slope, 
aspect, and topography among stations. 
Microclimate stations were positioned close (50–
100 m) to site centres and at least 100 m from the 
edge of the stand. To minimize trampling of the 
vegetation or snowpack, researchers collecting 
plant and wildlife data did not walk within 25 m 
of the microclimate stations. 

Each microclimate station included one 
datalogger (Lakewood UL–16); one solar sensor 
(LICOR LI–190SZ Quantum) that measured PAR 
(wavelengths of 400–700 m, accuracy 5%) and 
was positioned 150 cm above the ground; one cup 
anemometer (Sims standard transducer, threshold 
0.2 m s-1, accuracy ±0.3 m s-1) located at 150 cm 
above ground; six thermistors (Lakewood 
LE8396 temperature probe, manufacturer's stated 
accuracy 0.2•C) that measured air temperatures 
(25 cm and 125 cm above the ground surface); 
and four soil temperature sensors (two at 5 cm 
and two at 25 cm) located below the ground 
surface (Figure 2.1). Soil temperatures were 
taken at two locations (~30 m apart) to evaluate 
spatial heterogeneity of soil temperatures within a 
site. Soil sensors were located away from down 
logs. Air temperature thermistors were protected 
from direct solar radiation by a white radiation 
shield that allowed for efficient air flow (Plate 1). 
Wires were protected by plastic water pipe to 
minimize rodent damage. Wind speeds were not 
collected during those months with snowfall 
because of the inaccuracy of anemometers 
covered with snow. 

The datalogger recorded data from each sensor at 
30-second intervals and stored hourly averages 
for later retrieval by a laptop computer (Plate 2). 
Microclimate stations were visited every 2–4 
weeks for maintenance and data retrieval. 
Damage to the microclimate stations by deer, 
bear, and rodents caused the loss of some 
meteorological data. Where sensors were 
observed to be damaged, associated data were 
excluded from analyses. 

Because ground surface temperatures can vary 
greatly over short horizontal distances (Pierson 
and Wight 1991), soil temperatures, which are 
less spatially variable, were measured (Plate 3). 
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Subsurface temperatures represent an average of 
surface temperatures over a larger horizontal area 
(Oke 1987). All thermistors were calibrated in the 
laboratory using a constant temperature bath prior 
to field installation and recalibrated when they 
were removed to quantify instrument drift. Wind 
and solar sensors were also checked for 
instrument drift.  

One standard copper Atmospheric Environment 
Service rain gauge was located in a forest 
clearing near each stand with a microclimate 
station (Plate 4). The rain gauge was positioned 
at least one tree height from the stand edge and 
50 cm above the ground surface. Mineral oil was 
added to minimize evaporative losses. Rainfall 
was collected from gauges during six sampling 
periods during the summers (April-October) of 
1992 and 1993 at each stand age. 

Snowpack depth was recorded in conjunction 
with wildlife snow track surveys (Chapter 9). 
Snowpack depth (cm) was measured at 10 m 
intervals along each of four random 100 m 
transects radiating from site center. This yielded 
40, 240, 960, and 2880 measurements at the site, 
stand, stand age, and study level, respectively. 
However, as young stands were geographically 
separate from the other research stands, it was not 
possible to determine if differences in snowpack 
depth were due to a stand age effect or different 
weather patterns. We therefore focused on 
variation in depth of snowpack, as variance is 
likely to be affected by microtopographic relief 
and DWM. 

Within a 10 m radius of each microclimate 
station, a single soil sample (0–25 cm; mineral 
horizon) was collected and measured for particle 
size distribution. 
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Soil Temperature
-5 cm -5 cm

-25 cm
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Sensor Sensor

Ground Surface

 
 

FIGURE 2.1. Layout of meteorological stations in aspen mixedwood stands in Alberta. 
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Data Analysis  
Meteorological data were summarized at hourly, 
monthly, and seasonal intervals to compare short 
and long-term differences among stand age. From 
hourly data retrieved from the dataloggers, 
monthly and daily temperature averages were 
computed and used to test for site and stand 
effects. Daily temperature ranges were examined 
(one-way ANOVA and Tukey-HSD test) to 
evaluate if stand ages differed in diurnal 
variability. Kolmogorov-Smirnov goodness of fit 
test was used to evaluate normality of data before 
running parametric analyses. Rainfall and snow 
depth data were compared using ANOVA. 

Plant Community Attributes  
Forest community attributes tested for 
correlations with microclimate variables included 
stem density of live trees, stem density of aspen, 
tree height, volume of fine down woody material 
(DWM), volume of coarse DWM, grass cover, 
herb cover, shrub/sapling cover, and DOM. The 
measurement of these nine forest community 
attributes is described in Chapter 3. These 
attributes were chosen because they have been 
shown in the literature to affect forest 

microclimate. Analyses of microclimate variables 
and forest community attributes were based on 
correlations, and as such, may not be causal 
relationships. From Cohen (1988), moderate 
correlations are >0.30 and 0.50, and high 
correlations are >0.50. 

Results 

Soils 
At the microclimate stations, soil texture was 
mostly clay or silt except one young site that was 
sandy clay loam (Table 2.1).  

Precipitation and Snowpack 
Total rainfall did not differ among stand ages 
(Table 2.2). Of the three snowpack depth surveys 
initiated, only one was completed. High 
temperatures and rapid snowmelt prevented us 
from completing the other surveys. In February 
1993, snowpacks were more shallow in young 
stands than in mature or old stands (F=13.0, 
P=0.001, df=2, 12, Table 2.3). Spatial variability 
in snowpack, as measured by standard error and 
range, was greatest in old stands. 

 

 

TABLE 2.1. Soil texture (upper 25 cm) at microclimate stations in young, mature, and old aspen mixedwood stands in 
Alberta. 

Stand Age Stand / Site  Sand (%)  Silt (%)  Clay (%) Mineral Soil Texture 

Young  3 / 4  6.4  45.9  47.7 clay loam 
Young  4 / 4 47.3  22.8  29.9 sandy clay loam 
Mature  4 / 2 17.1  47.0  35.9 silty clay loam 
Mature  4 / 6 15.5  40.1  44.4 clay 
Old   1 / 5 12.4  50.6  37.0 silty clay loam 
Old  2 / 3 11.2  43.3  45.5 silty clay 
Old  2 / 6 21.7  50.9  27.4 silty loam 

 
 

 

TABLE 2.2. Total rainfall (mm) measured during six sampling periods (1992–1993). 

Number of 
Sampling Intervals 

 Young 
Stand 

Mature 
Stand 

Old 
Stand 

F Ratio Significance 

6  100.2  105.1 112.3 0.52 0.95 
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TABLE 2.3. Snowpack depths (cm) in young, mature and old aspen mixedwood stands in Alberta (February, 1993). 

Stand Age Number of 
Samples 

Mean S.E. Minimum 
Value 

Maximum 
Value 

Young 960 26.5 0.14 7 46 

Mature 960 30.2 0.17 2 55 

Old 960 29.8 0.30 0 89 

 

 
Air Temperatures 
Air temperatures varied seasonally (Figures 
2.2a,b). Monthly averages of air temperatures did 
not differ by height from ground surface (25, 125 
cm) or among stand age (Table 2.4, Figures 
2.2a,b). Daily average air temperatures during the 
hottest (July) and coldest months (December) 
were not significantly different between stand 
ages (Table 2.4). Annual (1992, 1993) variations 
in monthly temperatures at 25 and 125 cm were 
often greater than 2°C. Although average 
monthly temperatures at 25 and 125 cm did not 
differ (Figures 2.2a,b), diurnal variation in 
summer air temperatures at 25 cm were less 
pronounced than those at 125 cm (Figures 
2.2c,d).  

At both 25 and 125 cm above ground, average 
hourly temperature in July had a greater diurnal 
temperature fluctuation in young stands than in 
mature and old stands (Figures 2.2c,d). In 
contrast, old stands had the greatest diurnal 
fluctuation in December (Figures 2.2e,f). 

Site characteristics had a strong influence on the 
degree of diurnal fluctuation. For 6 of the 17 
months when data were collected (Table 2.5), 
there were no significant differences in daily 
temperature range at the 125 cm height. One 
young site (Y–3–4) fluctuated more than the 
other sites. The geographically close old sites (O–
2–3 and O–2–6) were the most similar. 

Soil Temperatures 
Although seasonal changes in soil temperatures 
were observed (Figures 2.3a,b), variation was less 
pronounced than that of air temperatures. Highest 
soil temperatures occurred in August, one month 
later than for air temperatures (July). Similarly, 
lowest soil temperatures occurred in January, one 
month later than for air temperatures (December). 
Average monthly soil temperatures at 5 and 25 
cm below the ground appeared to differ among 

stand age during the winter of 1992–1993 (Table 
2.4, Figures 2.3a,b). Comparisons of stands 
showed that mature and young stands were more 
similar during the summer and that mature and 
old stands were most similar during the winter 
(Figures 2.3a,b). Relative to other stand ages, old 
stands were colder during the summer, and young 
stands were colder during the winter.  

Photosynthetically Active Radiation (PAR) 
PAR varied seasonally (Figure 2.3c); levels 
increased during the spring months (March-
April), declined in May, then remained similar 
during the summer (June-August). Solar radiation 
at the ground level declined in late August, then 
increased sharply in the fall (September) before 
declining in October to lowest levels recorded. 
Daily differences in PAR among stand age were 
small, but cumulative PAR values over the 
summer were lower in mature stands than in 
young and old stands (Table 2.4). Of the 33 
sampling periods, mature stands had lowest PAR 
levels 18 times. 

Wind Speed 
Measurable amounts of wind were present in only 
30% of the 30-second summer collection 
intervals. Wind speed peaked in late winter or 
early spring prior to plant foliation and again 
during autumn (Figure 2.3d). Mature stands had 
the highest wind velocities of the three stand ages 
(Table 2.4) and had highest values in 12 of 22 
sampling months. 
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TABLE 2.4. Mean air and soil temperatures ( S.D.), PAR, and wind speed values in young, mature and old aspen 
mixedwood stands. 

  Month(s)  Young  Mature  Old  F-ratio P 

Temperature (
o
C); 125 

cm  

 December  –19.5 9.6  –20.2 9.8  –19.9 10.0  0.71 NS 

Temperature (
o
C); 125 

cm  

 July  13.2 2.6  13.5 2.7  13.0 2.2  0.47 NS 

Temperature (
o
C); 25 cm  December  –20.0 9.3  –20.6 9.6  –20.6 9.9  0.11 NS 

Temperature (
o
C); 25 cm  July   14.2 2.5   14.3 2.7   13.6 2.5 1.66 NS 

Temperature (
o
C); –5 cm  January   –6.4 1.8   –3.6 1.3   –3.4 0.8  114.00 <0.01 

Temperature (
o
C); –5 cm  August   12.5 2.0   12.8 2.1   12.4 1.9  1.44 NS 

Temperature (
o
C); –25 

cm 

 January   –5.3 1.2  –1.4 1.2   –2.3 0.6  330.50 <0.01 

Temperature (
o
C); –25 

cm 

 August   11.7 1.4  12.2 1.3   11.6 1.6  8.69 NS 

PAR ( moles/m
2
/s)  May–August  303.6  271.9  307.0  4.26 0.01 

Wind Speed (m/s)  May–October  0.70  1.09  0.94  19.52 <0.01 

(pooled data 1992–93) 
 

 

 

TABLE 2.5. Average daily temperature range (at 125 cm above ground) at microclimate stations (1992–1993). Letters 
in brackets indicate microclimate stations that differ significantly (P<0.05). Y=young, M=mature, O=old. 

 
    Sites    

Months 
F 

ratio 
Y–3–4 

(a) 
 Y–4–4 

(b) 
M–4–2 

(c) 
M–4–6 

(d) 
O–1–5 

(e) 
O–2–3 

(f) 
O–2–6 

(g) 

May, 92 1.90  12.1 12.6 15.6 14.3 13.1 11.5 12.1 

June, 92  2.08  12.2   12.7  11.4 (e)  11.3 (e)  15.0 (cd)  13.6  12.8 

July, 92    4.51  13.6  13.3  12.0 (e)  12.0 (e)  16.4 (cd)  14.8  14.1 

August, 92    2.29  13.7  13.8  12.2  11.3 (e)  14.9 (d)  14.7  13.8 

September, 92 1.23  11.1 10.1 8.2 11.1 9.3 9.5 8.7 

October, 92     2.22  11.4 (e)  10.0  9.2  8.2  7.4 (a)  8.8  9.0 

November, 92     2.58  7.7 (de)  5.9  5.6  4.4 (a)  4.6 (a)  5.6  5.7 

December, 92     12.60 12.4 (bcdefg)  9.3 (ae)  9.9 (ade)  7.7 (a)  6.8 (abcfg)  9.0 (ae)  9.0 (ae) 

January, 93    13.16 16.1 (bcdefg) 12.1 (ade) 11.5 (a)  9.3 (ab)  9.0 (ab)  10.8 (a)  11.4 (a) 

February, 93       2.98  12.6 (eg)  10.2  10.4  9.2  8.5 (a)  9.7  7.1 (a) 

March, 93  0.45 8.8 9.8 8.4 9.2 9.2 9.7 8.8 

April, 93    0.47 10.2 9.9 8.5 9.1 9.3 9.5 8.9 

May, 93    1.27 15.5 14.2 13.2 14.2 14.6 13.6 12.2 

June, 93    2.08 13.8 12.4 10.2 10.4 11.2 11.6 10.3 

July, 93    4.60  12.1 (e)  12.3   10.4 (a)  10.4 (a)   15.0 (acd)  13.3   12.5 

August, 93     6.25  14.1 (def)  13.2 (de)  11.7  10.0 (ab)  8.9 (ab)  10.7 (a)  11.9 

September, 93    4.54  14.8 (def)  12.9  12.3  7.2 (a)  9.6 (a)  11.3 (a)  11.9 
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FIGURE 2.2 (a-f). Air temperature profiles in young, mature, and old aspen mixedwood stands in Alberta. a) Average 
1992 and 1993 daily temperature (125 cm above the ground surface), b) Average 1992 and 1993 daily temperature 
(25 cm above the ground surface), c) Average hourly temperature (125 cm above the ground surface, July 1993), d) 
Average hourly temperature (25 cm above the ground surface, July 1993), e) Average hourly temperature at 125 cm 
above the ground surface (December 1992), f) Average hourly temperature at 25 cm above the ground surface 
(December 1992). 
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FIGURE 2.3 (a-d). Soil temperature, PAR, and wind speed profiles at microclimate stations in young, mature, and old 
aspen mixedwood stands in Alberta. a) Average daily temperature 1992–1993 (5 cm below ground), b) Average 
daily temperature 1992–1993 (25 cm below ground), c) Daily PAR (March-October 1992), d) Cumulative daily 
wind speed (1992). 

 
Correlations between Forest Community 
Attributes and Microclimate 

Air Temperatures 

Summer air temperatures at both 25 and 125 cm 
above ground level had similar correlations to 
several forest community attributes during the 
summer months (Tables 2.6, 2.7) At both 
sampling heights, air temperatures were 
consistently related to grass and herb cover in a 
positive manner and shrub/sapling cover and 
DOM in a negative manner (Tables 2.6, 2.7). In 
general, tree attributes (density, height) did not 

correlate to temperature in a consistent manner 
(Tables 2.6, 2.7). 

Soil Temperatures 

Soil temperatures were more strongly correlated 
in summer with forest community attributes than 
were air temperatures (Tables 2.8, 2.9). 
Generally, soil temperatures at –5 and –25 cm 
were positively correlated with grass and herb 
cover and were negatively correlated with DOM, 
shrub/sapling cover and measures of large trees 
(height and density). Volume of fine DWM was 
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highly correlated with temperature at –5 cm, 
whereas temperature at –25 cm was not notably 
correlated with either fine DWM or coarse 
DWM. Large temporal variation in correlations 
between soil temperature and some forest 
community attributes (e.g., DWM) occurred. 

Photosynthetically Active Radiation (PAR) 

PAR was highly and positively correlated in 
summer to shrubs, DOM, density of large aspen 

trees, and tree height (Table 2.10). Grass and 
herb cover were inversely related to light level.  

Wind Speed 

Wind speed was consistently and positively 
correlated in summer to herb cover and 
consistently and negatively correlated with coarse 
DWM and DOM (Table 2.10). For other 
attributes the correlation strength and direction 
varied by sampling period. 

 

 

 

TABLE 2.6. Correlation coefficients between summer air temperature (125 cm) and forest community attributes in 
aspen mixedwood stands. 

Forest Community Attribute   June 92 July 92 July 93 August 93 September 93 

Total Tree Density  0.61 –0.25  0.65 –0.09  0.75 

Aspen Tree Density (>10 cm DBH) –0.26  0.47 –0.37  0.02 –0.15 

Tree Height –0.62  0.26 –0.67  0.00 –0.67 

Fine DWM  0.64  0.03  0.73  0.10  0.71 

Coarse DWM –0.39  0.21 –0.33  0.00 –0.36 

Grass Cover  0.84  0.14  0.84  0.33  0.80 

Herb Cover  0.69  0.87  0.62  0.94  0.32 

Shrub/Sapling Cover –0.59 –0.10 –0.70 –0.43 –0.49 

DOM –0.44 –0.62 –0.50 –0.88 –0.05 

  

 

 

 

TABLE 2.7. Correlation coefficients between summer air temperatures (25 cm) and forest community attributes in 
aspen mixedwood stands. 

Forest Community Attribute   June 92  July 92  July 93  August 93  September 93 

Total Tree Density  0.62 –0.29  0.39 –0.23  0.74  

Aspen Tree Density (>10 cm DBH) –0.22   0.27 –0.06 –0.14 –0.33 

Tree Height –0.60  0.22 –0.35 –0.13 –0.72  

Fine DWM  0.78 –0.28  0.57  0.06   0.51  

Coarse DWM –0.32  –0.18 –0.06 –0.01 –0.58  

Grass Cover  0.80  0.05  0.52  0.48  0.77 

Herb Cover  0.68  0.73  0.47  0.93   0.21  

Shrub/Sapling Cover –0.34 –0.28 –0.56 –0.53 –0.47  

DOM –0.26 –0.79 –0.47 –0.83  –0.01 
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TABLE 2.8. Correlation coefficients between summer soil temperatures (–5 cm) and forest community attributes in 
aspen mixedwood stands. 

  June 92   July 92  August 93  September 93 

Total Tree Density  0.88  0.82  0.40  0.85 

Aspen Tree Density (>10 cm DBH) –0.78 –0.67 –0.17 –0.32 

Tree Height –0.95 –0.88 –0.44 –0.77 

Fine DWM  0.73  0.82  0.57  0.86 

Coarse DWM –0.41  –0.23  0.04 –0.33 

Grass Cover  0.95  0.97  0.76  0.84 

Herb Cover  0.22  0.37  0.79  0.26 

Shrub/Sapling Cover –0.73 –0.78 –0.68 –0.53 

DOM –0.13 –0.27 –0.61 –0.04 

  

 

TABLE 2.9. Correlation coefficients between summer soil temperatures (–25 cm) and forest community attributes in 
aspen mixedwood stands. 

Forest Community Attribute   June 92  July 92  July 93  August 93 

Total Tree Density  0.62  0.54  0.43 –0.07 

Aspen Tree Density (>10 cm DBH) –0.45 –0.31 –0.38  0.07 

Tree Height –0.71 –0.59 –0.59 –0.05 

Fine DWM  0.56 –0.59  0.35 –0.17 

Coarse DWM –0.13  0.02 –0.05 –0.05 

Grass Cover  0.90  0.85  0.82  0.27 

Herb Cover  0.51  0.57  0.61  0.58 

Shrub/Sapling Cover –0.87 –0.81 –0.85 –0.69 

DOM –0.45 –0.48 –0.57 –0.81 

 

 

 

 
 

TABLE 2.10. Correlation coefficients between summer PAR and wind speed, and forest community attributes in aspen 
mixedwood forests in Alberta. 

 PAR  Wind Speed 

Forest Community Attribute  July 93 August 93  July 93 August 93 

Total Tree Density –0.59 –0.35  0.28 –0.01 

Aspen Tree Density (>10 cm DBH)  0.73  0.24  –0.07 –0.12 

Tree Height  0.70  0.35  0.45 –0.06 

Fine DWM –0.33 –0.41  –0.42 0.04 

Coarse DWM  0.56  0.00  –0.49 –0.45 

Grass Cover –0.60 –0.40  0.46 0.15 

Herb Cover –0.10 –0.40  0.76 0.62 

Shrub/Sapling Cover  0.90  0.73  –0.26 –0.37 

DOM  0.49  0.72  –0.56 –0.80 
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Discussion 

Precipitation (rainfall and snowfall) 
Variation in total rainfall over the study area 
was small, suggesting minimal geographic 
variation in precipitation on a seasonal basis. 
There were, however, significant differences in 
precipitation between stations during specific 
rainfall events (Chesterman, unpublished data). 

Trees affect depth and ablation of the snowpack 
by interception of snowfall, by slowing 
evaporative breezes, and by blocking insolation 
(Oke 1987), with the result that the forest floor 
beneath canopy gaps can accumulate 30% more 
snow and can ablate snow 30% more slowly 
(McKay and Gray 1981). If canopy gaps are 
zones of greater snow deposition, then old aspen 
mixedwood stands with more and larger gaps 
(Chapter 3) are expected to have greater, and 
more variable, snowpack depth. Our old stands 
had a deeper and more variable snowpack than 
did young stands. 

Greater microtopographic relief and volume of 
coarse DWM and higher conifer densities found 
in old stands  (Chapter 3) may also be related to 
variance in snowpack observed in this stand age. 
Snowpack depth immediately beneath conifer 
trees is reduced by snowfall interception, and 
the snowpack is elevated when snow is 
deposited on fallen logs (Bunnell et al. 1985). 
The less variable snowpack observed in young 
stands may also have more to do with low wind 
speeds in dense stands, and the reduced 
potential for redistribution of wind-driven snow. 

McKay and Gray (1981) suggest that snowpack 
depth may decrease with stand age because 
snow interception increases with density and 
size of large branches. Our data do not fit this 
general pattern, possibly because the old stands 
are characterized by both large trees (high snow 
interception) and abundant canopy gaps (low 
snow interception). Possibly the higher densities 
of small branches in young stands may intercept 
as much snow as do fewer larger branches. 

Seasonality 
Seasonal differences in solar radiation and 
temperatures (above and below ground surface) 
were striking, emphasizing the importance of 

solar angle and daylength. Temperature and 
insolation affects numerous ecological processes 
including biotic activity, water availability, and 
mineralization of organic matter. For these 
reasons, it is important to understand how forest 
structure affects absorption of solar energy and 
emission of longwave radiation in old stands. 

Temperature 
Although no significant differences in mean 
daily air temperature among stand age occurred, 
the low number of microclimate stations used in 
this study would have made power of detection 
low. Correlations between air temperatures and 
tree attributes (density, height) were often low 
and inconsistent and no canopy attribute 
emerged as a good predictor of temperature 
above the forest floor. 

Highest daily amplitudes in summer air 
temperatures occurred in young stands. This 
pattern suggests that young stands both store 
and dissipate heat more quickly than other stand 
ages during the summer. Greater levels of 
incoming solar radiation (ISR) may reach the 
forest floor in young stands because a) the low, 
thin canopy is less likely to absorb ISR, b) high 
cover of low shrubs (Chapter 5) in young stands 
absorbs ISR near the forest floor, and c) lower 
wind speed in young stands may reduce 
convective cooling and permit stratification of 
air temperature. Higher rates of long wave 
radiation loss at night in young stands may be 
related to a canopy that is low, thin, and 
relatively open (Chapter 3) in comparison to 
other stand ages.  

Temperatures at both 125 and 25 cm above 
ground level were highly and positively related 
to grass and herb cover and negatively related to 
shrub and sapling cover. This pattern suggests 
that tall shrubs and saplings shade the forest 
floor and reduce near-ground temperatures. In 
sites where shrub and sapling cover was low, 
grass and forb cover is higher (Chapter 3), 
possibly in response to warmer temperatures or 
higher PAR. Mueller-Dombois (1962) showed 
that temperatures beneath jack pine 
communities were affected by the tree and shrub 
strata, but recognized the potential of forbs and 
mosses to alter near-ground temperatures. 
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Relative to mature and old stands, young stands 
appeared to have colder winter soil 
temperatures. This pattern may reflect higher 
heat loss from the soil layers associated with a 
shallower snowpack and a shallower layer of 
DOM. Both snow and litter layers trap air that 
serves to insulate underlying soils (Halfpenny 
and Ozanne 1989). In this study, young stands 
had less DOM than did old stands and had a 
more shallow snowpack than did mature and old 
stands. 

Soil temperatures were more highly correlated 
to understory plant abundance (shrub, herb and 
grass) and dead material (DOM or fine DWM) 
overlaying the soil than to tree attributes. Our 
study, like that of Bazzaz (1979), found that old 
stands had less pronounced temperature 
fluctuations in the soil horizons and had deeper 
organic mats (Chapter 3). In addition, variation 
in soil temperature decreased with increasing 
soil depth. This trend was expected as the 
thermal gradient in the soil decreases with depth 
(Sellers 1965).  

Our study showed a moderate negative 
correlation between summer soil temperatures 
and depth of organic material, a pattern that was 
also reported by Peterson et al. (1987). The 
organic mat may be insulating the underlying 
soils from incoming solar radiation during the 
summer. If this is true, then one would expect 
upper levels within the organic mat (–5 cm) to 
be less well insulated, and therefore warmer in 
summer, than soils at –25 cm. Deep soil 
temperatures (–25 cm) were indeed more highly 
and negatively correlated with DOM content 
than were shallow temperatures.  

The –5 cm measurements correlate better than 
the –25 cm soil measurements to the type of 
material (fine DWM) comprising the organic 
layer. Old stands, in general, did have 
significantly cooler summer soil temperatures 
than young or mature stands. These cooler 
conditions were expected because the insulating 
shrub cover and litter layer were thickest in the 
old stands.  

Soil temperatures also depend on soil drainage 
and moisture levels (Davidoff and Selim 1988, 
Thunholm 1990). If moisture regimes varied 

considerably between sites in our study, the lack 
of consistency in temperature differences among 
stand age, or sites within the same age class, 
would be explained.  

Photosynthetically Active Radiation (PAR) 
Temporal and spatial variability of solar 
radiation under a deciduous forest canopy is 
significantly affected by seasonal solar 
elevation, the earth‘s daily rotation, and forest 
canopy structure (Hutchinson and Matt 1977). 
Our study, like that of Ross et al. (1986), 
Uemura (1994), and Constabel (1995), 
described maximum light levels in mixedwood 
forests immediately prior to spring leaf 
expansion, after which light levels declined, 
then followed the solar cycle. According to Ross 
(1975), green leaves absorb ~85% of solar 
radiation in the PAR wavelengths. Our results 
similarly suggest that spring foliage 
development attenuated PAR levels in the 
understory appreciably (Figure 2.3c). Following 
leaf expansion, light levels approximated the 
solar cycle until leaf drop. In autumn, light 
increased at the time of leaf defoliation, then 
declined with lower solar elevation. 

Our data indicated a moderate stand age effect 
on understory PAR levels, with mature stands 
having less PAR near the forest floor than did 
young or old stands. Constabel (1995) measured 
PAR in young and old aspen stands similar in 
age to those we studied and also found no 
differences in understory PAR values. Lieffers 
and Stadt (1993) measured PAR levels beneath 
mature and old aspen forests of similar age to 
our study, and similarly found PAR levels to 
increase with stand age. Collectively, these three 
studies suggest that PAR values may be high in 
young stands with low canopies, decline as 
stands mature to a tall continuous canopy, then 
increase in old stands as canopy break-up 
occurs. The lower PAR values beneath mature 
stands may reflect a tall and continuous canopy 
(Chapter 3) that can reflect proportionally more 
direct solar radiation. Several authors (Cannell 
and Grace 1993; Constabel 1995) have 
suggested that PAR levels at the ground surface 
do not differ strongly in stands of different age 
and structure, as leaf area index at canopy, 



 

 25 

subcanopy, and shrub strata can respond in a 
compensatory manner to available light levels.  

In successional pathways where aspen is 
replaced by white spruce, PAR levels decline as 
conifers become abundant (Ross et al. 1986). 
Although conifer abundance increased with 
stand age in our study, their densities remained 
low in all stand ages; thus, PAR levels did not 
decrease from mature to old stands. 

Lieffers and Stadt (1993) showed a strong 
negative correlation between tree basal area and 
light levels near the forest floor. In our study, 
PAR levels were negatively correlated with total 
tree density but positively related to density and 
height of large trees. These large trees 
characterize old stands that have abundant gaps 
and low canopy tree density. 

Stations with high PAR levels also had high 
levels of shrubs and sapling cover. High PAR 
levels may be an important factor for the 
development of shrubs and saplings in the forest 
understory (Lieffers and Stadt 1993; Constabel 
1995). In our study, both light levels and shrub 
densities were high in old and young stands, and 
low in mature stands. This relationship suggests 
that shrub cover beneath aspen mixedwood 
canopies may be limited by available light. Both 
herb and grass cover were negatively related to 
light levels in our study. The low herbaceous 
cover in stands with high light levels likely 
reflects competition for light with low shrubs 
rather than intolerance of grasses and herbs to 
high light levels. 

The moderate to high positive relationship 
between PAR levels and DOM may involve 
canopy gap dynamics and their effect on both 
light transmission and input of dead material to 
the forest floor. 

Wind 
The emergence of tree leaves in spring increases 
the surface area of vegetation, increases its 
resistance to wind, and possibly explains the 
reduction in wind speed seen at all forest 
microclimate stations from April through June. 
Considerable monthly variation in wind speed at 
all stand ages may have been caused by variable 
wind speed associated with regional air masses. 

Wind speed near the forest floor is generally 
lower than wind speed above the canopy surface 
(Oke 1987). Furthermore, taller trees generally 
decrease wind speed at ground level more than 
do shorter trees (Oke 1987). Jones and DeByle 
(1985) found that, beneath an aspen canopy, 
wind speeds were reduced by 7–21% of those 
above the canopy. A secondary canopy strata of 
short trees or tall shrubs can further reduce wind 
speeds (Rauner 1976). 

In our research stands, young stands had the 
shortest trees and were therefore expected to 
have higher and more variable wind speeds. 
However, mature stands actually had the 
greatest wind speeds. This discrepancy might be 
explained by the high wind resistance associated 
with the very high density of aspen stems in 
young stands (Chapter 3). Mature stands, with 
lower shrub and sapling density than young or 
old stands (Chapter 3), may have fewer 
structures to impede winds that penetrate the 
forest canopy. Old stands, because of their 
uneven tree size class (Chapter 3), may have a 
more uneven canopy surface that would reduce 
wind speed. The high shrub and sapling cover 
and high volume of coarse DWM that occurs in 
old stands (Chapters 3, 4) may further reduce 
winds beneath the canopy. In support of this 
interpretation, wind speed was generally 
negatively correlated with coarse DWM and 
shrub cover, and positively correlated with tree 
height. Surprisingly, wind speed was highly and 
negatively correlated with DOM. Perhaps a deep 
organic mantle above the soil impedes air 
movement, or is associated with vegetation that 
reduces wind speed. 

Resolution of our wind speed data may have 
been low as our anemometers may have been 
unable to detect slow convective and advective 
winds. These slow winds may have been 
adequate to mix the subcanopy air masses and 
prevent temperature gradients from developing, 
explaining why above-ground temperatures (25, 
125 cm) did not differ. 
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3. CHANGES IN FOREST STRUCTURE AND FLORAL COMPOSITION IN A 

CHRONOSEQUENCE OF ASPEN MIXEDWOOD STANDS IN ALBERTA 

Philip C. Lee, Susan Crites, and J. Brad Stelfox 

Abstract 

We examined whether a representative set of 
general forest attributes ordinated and 
discriminated among young (20–30 years), 
mature (50–65 years) and old (120+ years) 
stands of aspen mixedwood forests in Alberta. 
Data were collected on the following attributes: 
canopy openness, canopy trees, snags, tall 
understory layer, low understory layer, 
nonvascular plants, down woody materials 
(DWM), soil organic layer, and soil 
microtopography. Of the 41 variables that 
significantly changed, 47% increased with stand 
age while 32% were U-shaped, i.e., greater in 
young and old than mature stands. Ordination 
with detrended correspondence analysis (DCA) 
readily separated stand ages; in particular, old 
stands were more segregated from young and 
mature stands. Both DCA and stepwise 
discriminant analysis (SDA) identified densities 
of canopy trees as the most important variable 
discriminating between stand ages. Other 
important variables were deadwood materials 
(snags and DWM), tall understory vegetation (1 
m to subcanopy height), nonvascular 
communities, and kurtosis of canopy openness. 

Introduction 

As stands age, they undergo major changes in 
their structure and composition. Though few 
universal patterns exist, changes in canopy 
structure, characteristics of overstory trees, 
overstory and understory species composition, 
deadwood materials, vertical foliage structure, 
soil microtopography, and stream environments 
have all been noted to change with stand age 
(e.g., Henry and Swan 1974; Oliver 1981; 
Parker 1989; Hayward 1991; Spies 1991; Spies 
and Franklin 1991; Martin 1992; Roovers and 
Rebertos 1993; Tyrrell and Crow 1994). 
Commonly, changes in structure and 
composition manifest themselves in an old-
growth syndrome (Thomas et al. 1988). This has 
led several authors to propose an index of "old-
growthness" based upon a set of multiple forest 

variables that describe the structural and 
compositional diversity of stands (Alaback 
1982; Spies and Franklin 1991; Hardt 1993; 
Shifley and Schlesinger 1994). We cannot, 
however, directly transfer results from one 
forest type to another. Rather, we must 
determine for each forest type which forest 
attributes change and which of these are most 
useful for discriminating among stands of 
different ages. 

Spies and Franklin (1988) suggested that most 
structural changes in forest development would 
be either S-shaped or U-shaped. S-shaped 
relationships refer to forest variables that 
increase with stand age. They argued that these 
changes were largely due to autogenic processes 
such as development of the live tree cohort. 
Forest characteristics that are likely to increase 
include tree size, tree size diversity, wood 
biomass, and forest floor depth. On the other 
hand, variables may display a U-shaped 
relationship with stand age, i.e., high values in 
young and old stands with relatively low values 
in mature stands. The early development of U-
shaped changes reflects both the presence of 
residual materials, i.e., biological legacies, from 
the stand initiating event and environmental 
similarities between young and old stands, e.g., 
understory light environments. As the stand 
develops, these elements or conditions decline 
as autogenic processes become the dominant 
force in stand development. Later, development 
of canopy break-up and an uneven aged cohort 
regenerate some of the variables. Most measures 
of large deadwood materials, i.e., snags and 
down woody materials (DWM), and diversity 
indices of plants and animals, tend to exhibit U-
shaped changes with stand age (Spies and 
Franklin 1988; 1991). 

In the mixedwood section of the mid boreal 
ecoregion (Strong and Leggat 1992), relatively 
few studies have focused on changes to forest 
structure over time within an aspen-dominated 
succession. In general, wildfires are the 
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dominant stand-initiating disturbance in boreal 
forests (Rowe and Scotter 1973; Johnson 1992), 
with aspen as the dominant regenerating tree 
species after disturbance (Weber 1991; Lavertu 
et al. 1994). However, several successional 
trajectories are possible, resulting in a number 
of different climax communities (Dix and Swan 
1971). The most studied trend is the succession 
from aspen to white spruce on mesic, non-sandy 
sites (e.g., Carleton and Maycock 1978; La Roi 
1992; De Grandpré et al. 1993); however, it is 
not uncommon for stands to remain dominated 
by aspen at climax on these sites (Kabzems et 
al. 1986; Fairbarns 1992). 

In reviewing the status of deciduous old growth 
areas in the mixedwood section of the boreal 
forest, Fairbarns (1992) depended almost 
exclusively on literature from other forest types 
and personal observations to define the 
structural elements that characterize older 
stands. Relatively little data was available for 
deciduous mixedwood forests in the boreal 
forests. To date, no studies have 
comprehensively examined the changes in forest 
structure with stand age within aspen 
mixedwood stands. 

This chapter examines changes in forest 
attributes among young (20–30 years), mature 
(50–65 years) and old stands (120+ years) of 
aspen mixedwood forests in Alberta. A diverse 
suite of field and remote sensing techniques was 
used to collect data on the canopy openness, 
canopy composition, snags, tall understory 
layer, low understory layer, DWM, nonvascular 
communities, soil organic layer, and soil 
microtopography. From each general attribute, a 
number of representative variables were selected 
and measured. 

Methods 

Canopy Openness 
Canopy openness was determined using a 
photographic technique (Chazdon 1986; 
Chazdon and Field 1987). Photographs were 
taken with a 180 degree full frame lens (Sigma, 
Tokyo, Japan) mounted on a Nikon 801s body 
(Nikon, Tokyo, Japan). The view of the lens was 
74 degrees on the vertical axis. Preliminary data 
analysis demonstrated a strongly significant 

correlation between 74 and full hemispherical 
180 degree lens for percent canopy openness 
(Pearson‘s correlation; R2=0.834; df=720; 
P<.05). The camera was mounted on a tripod at 
a height of 1.3 m. To aid in orienting images and 
data recording, a databack (Nikon MF-21, 
Tokyo, Japan) was used to imprint the photo 
number on each photograph. We obtained 
consistently good photographs by using the 
shutter-priority automatic exposure program 
within the camera with a correction of –1 stop 
for overcast days and –2 stops for sunny days. 
We used shutter speeds ranging from 1/1000 to 
1/8000 of a second. We found that even on the 
windiest days these speeds were able to "freeze" 
leaf movement. Images were exposed on 
continuous tone, black and white 35 mm film 
(T-Max Professional, 400 ASA, Eastman 
Kodak, Rochester, NY, USA).  

Images were digitized from 10 x 15 or 8 x 13 
cm, normal contrast, machine processed prints. 
A flatbed digitizing scanner (Scanmaker XEII, 
Microtek Laboratories, Torrence, CA) and a 
Macintosh Quadra 950 microcomputer (Apple 
Inc. Cupertino, CA) were used to produce a 
digitized greyscale image (150 dots per inch). 
Using Adobe Photoshop (Adobe Systems 
Incorporated, Mountain View, CA), each 
photograph was converted from greyscale to a 
black and white PICT image with open areas 
being white and dark areas being black. As 
required, contrast, brightness, and threshold 
were adjusted by the computer operator to 
achieve an acceptable conversion. Some 
photographs, particularly those with heavy 
uneven overcast or high reflectance off the high-
albedo, white bark of aspen, required local 
lightening or darkening.  

Photographs were analyzed using Solarcalc 
(version 5.1), a canopy analysis program 
(Microsoft, Inc. Bellevue, WA, USA). The 
original version was written by Dr. Robin 
Chazdon (Department of Ecology and 
Evolutionary Biology, University of 
Connecticut, Storrs, CT). It has been used in a 
number of studies dealing with canopy-light 
relationships (e.g., Chazdon and Field 1987). 
For this analysis, we used the output data for 
canopy openness. Canopy openness was pooled 
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at the site level to produce a measure of kurtosis 
for canopy openness. 

Canopy photographs were taken at the same 
time and location as the tall understory sampling 
(described later). Twenty photographs were 
taken per site, 120 per stand, for a total of 480 
photographs per stand age. 

Canopy Trees 
Overstory densities and composition were 
derived from low altitude 70 mm stereoscopic 
aerial photography. One photograph was taken 
per site. Each photograph was centered on the 
site center, which was marked with a large, 
fluorescent orange metal plate. Markers were 
coded with a site reference code (e.g., O–2–2; 
Old Stand – Stand #2 – Site #2) painted on the 
upper surface. Each site center was further 
marked with orange flagging (30 cm width) to 
provide a directional reference point (North). 
The scale of the resulting photographs varied 
from 1:778 to 1:1322. Images covered a 
minimum of 50 x 50 m on the ground. From 
each site photograph, a 40 x 40 m sample plot 
was demarcated around the site center. With 
most mature and old sites, the number and 
species of every canopy tree were recorded. Due 
to the excessively high density of trees within 
young and some mature sites, the 40 x 40 m 
sample plot was subdivided into 5 x 5 m 
subplots that were randomly subsampled, until a 
minimum of 150 trees were recorded per site. 
Photographs were taken in early spring of 1992 
prior to foliation of deciduous trees. 

Heights and diameters at breast height (DBH) of 
canopy trees were derived from ground 
sampling each stand. Ten trees within each of 
three sites per stand were measured. Selection of 
trees and sites was random. A total of 120 
canopy trees were measured per stand age. 
Measurements were taken in September and 
October, 1992. 

Snags 
In this study, snags were 10 cm DBH, taller 
than 2 m, rooted in the ground, and had a 
vertical lean of <45˚. These criteria were based 
on the potential for vertebrate use (Cline et al. 
1980; Rosenburg et al. 1988, but see Evans and 

Conner 1979). A plotless technique was used to 
sample snags (Clark and Evans 1954). Five 
points were randomly chosen within each site. 
Points could not be within 20 m of each other or 
the site boundary. From each point we located 
the nearest snag and its nearest neighbouring 
snag. Ten snags per site were measured, except 
for three sites in young stands that yielded less 
than ten snags per site. A total of 228, 240, and 
240 snags were measured for young, mature, 
and old stands, respectively. Snags were 
measured from September to November, 1993.  

Each snag was identified to species (when 
possible) and measured for height and DBH. An 
increment core was taken and wood condition 
was categorized as clear, stain, or rot. Percent 
bark on each snag was visually categorized as 
0–19%, 20–39%, 40–59%, 60–79%, or 80–
100%. The overall physical appearance of a 
snag was classified on a scheme (Figure 3.1) 
adapted from conifers (Cline et al. 1980). The 
major difference between ours and the conifer 
classification is the distinction between snags 
with complete and incomplete canopies. Many 
aspen trees are killed by wind-snapping or are 
wind-snapped after death (Hambly 1985). 
Analysis within this chapter focuses on the two 
most decayed classes within each trajectory, i.e., 
stages 4 and 6.  



 

 32 

f

 
 Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 
 recently killed twigs and leaves small branches only major branches canopy broken; decomposing 
  lost; bark intact; lost; bark remaining; >20% bark  bark condition stump; wood soft; 
  wood hard beginning to lost; wood condition variable; wood bark peeling 
   peel; wood hard soft to hard condition variable  
 

FIGURE 3.1. Classification of decay stages for snags within aspen mixedwood stands in Alberta. 

 

Densities of snags within a site were calculated 
based on the nearest neighbour distance (Clark 
and Evans 1954): 

m
1

4r 
2

 

where m = density per unit area, and r  = mean 
distance to nearest neighbour. 

Understory Communities  
We sampled low and tall understory 
communities using nested quadrats. Low 
understory (<1 m height) composition was 
visually estimated as percent cover for 
nonvascular and vascular plants within a 33x33 
cm quadrat. Species were recorded in forty 
randomly selected quadrats per site. Two 
hundred–forty quadrats were measured per stand 
for total of 960 quadrats per stand age. Low 
understory communities were sampled at the 
peak of the growing season (June to August, 
1992) to minimize problems arising from 
different plant phenologies. Plants that could not 
be identified in the field were pressed and later 
identified at the University of Alberta 
herbarium. 

Tall understory (1 m to subcanopy) composition 
was determined from stem densities of woody 
stemmed plants. Sampling locations were 
selected from a random subset of the low 
understory sampling locations. At each location, 
a 1 x 5 m sampling quadrat was placed over the 

corresponding low understory quadrat. Within 
each tall understory quadrat, every woody 
stemmed plant >1 m tall was identified and its 
basal diameter measured at 10 cm above the 
surface of the ground. Plants were classified into 
small (<1.0 cm) and large (>1.0 cm) diameter 
species. For the analysis within this chapter and 
Chapter 5, 1–3 m in height was considered mid 
strata while 3 m to subcanopy was considered 
upper strata. Developmental stage was 
categorized as either vegetative, flowering, 
flowering/seed set, or seed set. Twenty quadrats 
were recorded per site, for a total of 120 
quadrats per stand and 480 quadrats per stand 
age. Measurements were taken between June 
and August, 1993 and 1994.  

Both tall and low understory samples were 
analyzed for diversity and spatial clumping. The 
Shannon diversity index was used to measure 
species diversity at the site level (Kent and 
Coker 1992). Shannon diversity (H') is defined: 

H' pi

i 1

s

log pi

 
where s = the number of species, and pi = the 
proportion of individuals or the abundance of 
the ith species expressed as a proportion of total 
cover. 

An index of clumping was used to calculate 
departures from randomness among sampling 
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quadrats (David and Moore 1954). The index 
( ) is defined: 

2

1
 

where  = mean cover or density of a species at 
the site level and 

2
 = variance of cover or 

density of a species among quadrats at the site 
level. 

Down Woody Material (DWM) 
A line intersect method was used to sample 
DWM (De Vries 1974). At each site, we placed 
four random 100 m transects radiating from site 
center. Five random points were selected along 
each transect. At each point, DWM was sampled 
for the next 5 m along the transect. All DWM 
intersecting the transect was recorded as very 
fine (0–1.9 cm diameter), fine (2–4.9 cm), 
medium (5–10.9 cm), and coarse ( 11 cm) 
based on the DWM diameter. For coarse DWM, 

diameter and decay class category (Table 3.1) 
were recorded. For half the sites of each stand 
age, length of coarse DWM pieces was 
measured. Each site had a sample of 100 m for a 
total of 600 m per stand and 2400 m per stand 
age. DWM was sampled between May and 
September, 1992. 

Estimates of DWM volume per unit area in each 
size class were calculated using class medians 
for very fine, fine, and medium DWM or 
measured diameters for coarse DWM (Van 
Wagner 1968).  

v (
2

8l
) (ni

i 1

di

2
) 

where v = volume per unit area, l = length of 
sample line, ni = number of intersections in 
diameter class i and, di = class mark or 
diameter.  

 

 

 

 

TABLE 3.1. Key characteristics of coarse ( 11 cm diameter) down woody material (DWM) used to assign decay 
classes within aspen mixedwood stands of Alberta.  

Decay Stage Key Characteristics 

1 Log whole and undecayed; bark, branches, and twigs present and intact; log elevated on support 

points; wood hard. 

2 

 

Log sound, wood hard; twigs mostly lacking; <50% bark missing.  

3 

 

Some branches remaining; > 50% bark missing; wood soft in places.  

4 Little to no bark remaining; no branches; wood fungi present; wood soft with small crevices and 

small pieces lost. 

5 Large wood fragments lost; outline of trunk deformed; vascular plants beginning to colonize 

(herbs, shrubs, trees). 

6 Wood mostly well decayed;  log completely moss covered and colonized by various vascular 

plants. 

7 Humification nearly 100%; hard to define as log, outline indeterminable; no evidence of hard 

wood. 
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Nonvascular Communities on Coarse Down 
Woody Material 
Sampling for nonvascular species on coarse 
DWM was done concurrently with the sampling 
of DWM (see above section). Surveys of 
mosses, lichens, liverworts, and fungi were 
completed by point sampling. A 5 x 5 cm 
marked grid was placed on the logs. The grid 
was 30 cm in length, and width was dependent 
on the circumference of the log. The center 
point of the grid was placed on the log at the 
intersection point between the log and the 
transect. At that point, the grid was draped over 
the log with one side of the grid parallel to the 
longitudinal axis of the log. Sample sizes varied 
based on the circumference of the log. All 
coarse DWM was sampled for as much of the 
circumference as possible above ground surface. 
The species of moss, lichen, liverwort, or fungi 
present at each of a minimum of 21 grid points 
was identified and recorded. Unidentified 
species were collected and later identified at the 
University of Alberta herbarium. 

Soil Organic Layer and Ground Surface 
Microtopography 
Four random 10 m transects were positioned 
within each site. At five random locations along 
each transect, the organic layer depth was 
measured from the top of the organic mat to the 
top of the soil mineral layer. To estimate an 
index of the ground surface microtopography, a 
flexible tape measure was forced by hand to 
conform to the contour of the ground. The 
difference between the distance measured on 
this tape and a 10 m tape that was pulled taut 
gave an index of the microtopography. Twenty 
measurements of organic depth were taken per 
site, 120 measurements per stand, for a total of 
480 measurements per stand age. Four 
measurements of microtopography were taken 
per site, 24 per stand, totalling 96 per stand age.  

Selection and Analysis of Forest Variables  
Forest variables were selected from each of the 
above seven categories; canopy openness, 
canopy trees, snags, low and tall understory, 
DWM, nonvascular communities, and soil 
organic depth/surface microtopography. Fifty-
four variables were selected to represent 
potentially distinguishing structures (e.g., 

density of snags >20 cm DBH) or changes in 
species composition with stand age (e.g., cover 
of herbs). With the exception of overstory 
canopy and one tall understory species (aspen), 
we did not examine the relative abundances of 
individual species; these will be dealt with in 
Chapter 5. Understory species were grouped by 
size class, e.g., tall understory with large 
diameter shrubs, or type classes, e.g., low 
understory plants with woody stems. Some 
variables had a non-normal distribution, and a 
log(x+1) transformation was used in some cases. 
However, it is unlikely that the condition for 
multivariate normality was fully satisfied. This 
is a common problem in multivariate wildlife 
habitat or forest attribute studies (reviewed in 
Verner et al. 1984; Spies and Franklin 1991).  

Each variable was analyzed using a nested 
ANOVA to test for differences among stand 
ages, with stands treated as replicates and sites 
nested within stands. Tukey's multiple 
comparisons test was used to assign post hoc 
differences among stand ages (Neter et al. 
1990). A 5% significance level was used 
throughout.  

Detrended correspondence analysis (DCA) (Hill 
1979) was used to ordinate stands using the 
underlying structure of the selected forest 
variables. We wanted to examine how well 
these variables segregated stand ages. 
Secondarily, we wanted to examine the 
covariance among variables and determine 
which variables were strongly related to our 
ordination. Our forest variables were treated 
analogously to species variables while stands 
were treated as samples in a normal or r-analysis 
(Kent and Coker 1992). Our only 
"environmental" variable was stand age. DCA 
was performed using CANOCO software (ter 
Braak 1987–1992). We selected detrending by 
segments (N=26) (Hill and Gauch 1980). 
Preliminary analysis using polynomial 
detrending (ter Braak 1988) indicated relatively 
little difference between the two techniques.  

Stepwise discriminant analysis (SDA) was used 
to determine the best predictor variables for 
separating stand ages. This technique has been 
applied to the discrimination of stand ages in 
studies of other forest types (Alaback 1982; 
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Spies and Franklin 1991; Hardt 1993). SDA was 
performed with the STEPDISC procedure in 
SAS software (SAS Institute Inc. 1989). 
Attributes were forward loaded with an "F to 
enter" criteria of P=0.15. All variables were 
pooled at the stand level. 

With both DCA and SDA, it became apparent 
that canopy tree variables were overwhelmingly 
the strongest discriminating variable among 
stand ages. This result was not surprising. 
Aspen density exhibits a steep exponential 
decline from stand initiation to 100 years (e.g., 
Kirby et al. 1957). Our stands ranged from 23 to 
146 years, thus capturing most of this decline. 
To examine the structure and discriminating 
power of attributes other than canopy trees, we 
re-examined the same dataset excluding canopy 
tree variables (Table 3.2). 

Results 

Univariate Analysis 
Forty-one of the 54 variables were significantly 
different between at least one pair of stand ages 
(P<0.05; Table 3.2; Figures 3.2–3.7). Twelve 
variables were significantly different among all 
three stand ages (P<0.05; Table 3.2; Figures 
3.2–3.7), while 13 variables exhibited no 
difference among stand ages (P>0.05; Table 3.2; 
Figures 3.2–3.7). Of the 41 significant variables, 
25 were either increasing (N=19) or decreasing 
(N=6) with age (Table 3.2). Variables from each 
of the major forest attributes were among those 
that increased with stand age, while canopy 
kurtosis, canopy tree density, low understory 
cover, and lichen cover all decreased with stand 
age (Table 3.2).  

Sixteen variables exhibited either a U-shaped 
distribution (N=14), i.e., higher values in young 
and old, or a humped distribution (N=2), i.e., 
higher values in mature (Table 3.2). Variables 
with a U-shaped distribution included variables 
from most forest attributes except canopy tree 
variables. Only snag height and DBH of coarse 
DWM were greater in mature than other stand 
ages. 

Canopy Tree Dataset 
Ordination with DCA indicated that axis one 
was sufficient to separate stands by ages (Figure 

3.8) with old stands being more segregated from 
young and mature stands than young and mature 
stand were from each other. Axis one accounted 
for 80.2% of the total variation 
(eigenvalue=0.17; Table 3.3). All remaining 
axes accounted for a total of 5.3% of the total 
variation (eigenvalues=0.001 to 0.008; Table 
3.3). None of the remaining axes separated stand 
ages. Based on sample scores, canopy paper 
birch density dominated axis one; density of 
canopy white spruce, and densities of large and 
decayed snags, nonvascular, and tall understory 
variables followed (Table 3.3). 

Stand ages were readily discriminated using 
SDA of forest variables (Table 3.4). The density 
of canopy aspen and the total density of tall 
understory stems (>1 m height) were the most 
important discriminating variables. Together, 
they accounted for 0.84 of the average canonical 
correlation with age. Density of canopy aspen 
exponentially decreased with increasing stand 
age (Figure 3.2f). Densities of tall understory 
stems were ordered from old to young to mature 
(Figure 3.4a). SDA entered another 8 variables 
which accounted for the remaining R2=0.16 
(Table 3.4). 
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TABLE 3.2. Summary of patterns during stand development for forest variables in a chronosequence of aspen 
mixedwood stands in Alberta. Classification of variables was based on at least one significant difference between 
stand ages. =0.05. Superscripts denote variables with significant differences among all three stand ages. TU=tall 
understory (1 m to subcanopy). LU=low understory (<1 m). * denotes canopy tree variables removed from analysis. 

 

Decreasing with 

stand age 

Increasing with 

stand age 

Greater in young 

and old stands  

Greater in 

mature stands 

No change with 

stand age 

 
Kurtosis of canopy 
openness 

 
Canopy tree height* 

 
Canopy openness 

 
Snag height 

 
Canopy balsam poplar 
density* 

Canopy tree density* Canopy tree DBH* Snag density >20 cm 
DBH 

Coarse DWM 
diameter  

Snag density stages 4 
and 6 

Canopy aspen 
density* 

Canopy white spruce 
density* 

TU total density  TU small stem 
diameter density  

LU woody stemmed 
plant cover 

Canopy paper birch 
density* 

TU aspen density   TU aspen clumping  

LU grass cover Snag density TU (non-aspen) 
deciduous density  

 TU (non-aspen) 
deciduous clumping  

Lichen cover DBH of snags > 20 
cm DBH 

TU upper strata 
density  

 TU small diameter 
clumping  

 Density of snags 
with conks 

TU large stem 
diameter clumping  

 TU diversity index 

 TU large stem 
diameter density  

TU total clumping   LU species richness 

 TU conifer clumping LU grass clumping  LU woody stemmed 
plant clumping 

 TU conifer density  Nonvascular species 
richness 

 LU herb clumping 

 TU mid strata 
density  

Nonvascular 
diversity 

 LU diversity index 

 TU species richness Fungi cover  Liverwort cover 

 LU herb cover Coarse DWM 
density  

 Total volume of 
DWM 

 Total nonvascular 
cover 

Organic layer depth   

 Moss cover 
 

   

 Density of coarse 
DWM > stage 5 

   

 Volume of coarse 
DWM 

   

 Volume of coarse 
DWM > stage 5 

   

 Microtopography    

     

(6) (19) (14) (2) (13) 
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FIGURE 3.2a–i. Mean values (  S.E.M.) for canopy openness and canopy tree variables among stand ages in a 
chronosequence of aspen mixedwood stands in Alberta. Y=young stands (20–30 years), M=mature stands (50–65 
years), O=old stands (120+ years). a) canopy openness, b) kurtosis of canopy openness, c) tree height, d) tree DBH, 
e) overall density of canopy trees, f) density of aspen, g) density of white spruce, h) density of paper birch, and i) 
density of balsam poplar. 
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FIGURE 3.3a–f. Mean values (  S.E.M.) for snag variables among stand ages in a chronosequence of aspen 
mixedwood stands in Alberta. Y=young stands (20–30 years), M=mature stands (50–65 years), O=old stands (120+ 
years). a) density of snags > 10 cm DBH, b) density of snags > 20 cm DBH, c) DBH of snags > 20 cm DBH, d) 
density of snags in decay stages 4 and 6, e) density of snags with conks, and f) height of snags > 10 cm DBH. 
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FIGURE 3.4a–p. Mean values (  S.E.M.) for tall understory (1 m to subcanopy) variables among stand ages in a 
chronosequence of aspen mixedwood stands in Alberta. Y=young stands (20–30 years), M=mature stands (50–65 
years), O=old stands (120+ years). a) total stem density, b) species richness, c) diversity index, d) total stem 
clumping, e) aspen density, f) aspen clumping, g) non-aspen density, h) non-aspen clumping, i) conifer density, j) 
conifer clumping, k) large stemmed shrub (>1 cm diameter) density, l) large stemmed shrub (>1 cm diameter) 
clumping, m) small stemmed shrub (<1 cm diameter) density, n) small stemmed shrub (<1 cm diameter) clumping, o) 
mid-strata stem density (1 to 3 m height), and p) upper strata stem density (3 m to subcanopy). 
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FIGURE 3.5a–h. Mean values (  S.E.M.) for low understory (<1 m height) variables among stand ages in a 
chronosequence of aspen mixedwood stands in Alberta. Y=young stands (20–30 years), M=mature stands (50–65 
years), O=old stands (120+ years). a) overall species richness, b) diversity index, c) herb cover, d) herb clumping, e) 
grass cover, f) grass clumping, g) cover of woody stemmed plants, and h) clumping of woody stemmed plants. 
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FIGURE 3.6a–g. Mean values (  S.E.M.) among stand ages for nonvascular species variables in a chronosequence of 
aspen mixedwood stands in Alberta. Y=young stands (20–30 years), M=mature stands (50–65 years), O=old stands 
(120+ years). a) total cover, b) species richness, c) diversity index, d) fungi cover, e) liverwort cover, f) lichen cover, 
and g) moss cover. 
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FIGURE 3.7a–h. Mean values (  S.E.M.) for down woody material (DWM) and soil variables among stand ages in a 
chronosequence of aspen mixedwood stands in Alberta. Y=young stands (20–30 years), M=mature stands (50–65 
years), O=old stands (120+ years). a) density of coarse DWM, b) diameter of coarse DWM, c) density of coarse 
DWM >stage 5, d) volume coarse DWM, e) total volume DWM, f) volume coarse DWM > stage 5, g) depth of 
organic matter, and h) index of microtopography. 

 
 

FIGURE 3.8. Stand ordination using detrended correspondence analysis (DCA) to ordinate forest structure including 
canopy tree variables from a chronosequence of aspen mixedwood stands in Alberta (Table 3.2). 
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TABLE 3.3. Summary statistics of detrended correspondence analysis (DCA) on forest structure including canopy tree 
variables from a chronosequence of aspen mixedwood stands in Alberta. Variables with the ten greatest 
positive/negative scores are listed for each axis. TU=tall understory (1 m to subcanopy). LU=low understory (<1 m). 

Axis 1 Axis 2 

eigenvalue=0.17 eigenvalue=0.01 

gradient length=1.10 gradient length=0.42 

Variable Score Variable Score 

Canopy paper birch density 3.3 Liverwort cover 5.1 

Canopy white spruce density 2.6 TU aspen density 4.1 

Density of snags >20 cm DBH 2.5 Snag density stages 4 and 6 4.0 

Density of snags with conks 2.5 Density of snags >20 cm DBH 3.0 

Canopy tree DBH 2.3 Canopy paper birch density 2.7 

Liverwort cover 2.2 TU (non-aspen) deciduous density 2.5 

Fungi cover 2.2 TU small diameter density 2.1 

Moss cover 2.0 TU (non-aspen) deciduous 

clumping 

1.7 

Canopy tree height 1.9 Snag density 1.5 

TU total shrub density 1.9 Canopy white spruce density –4.8 

 
 

 

TABLE 3.4. Stepwise discriminant analysis (SDA) of stand age on forest structure including canopy tree variables. 
TU=tall understory (1 m to subcanopy). LU=low understory (<1 m). 

Step Variable F Wilks' Lambda P Average Canonical Correlation 

1 Canopy aspen density 271.5 0.02 0.00 0.49 

2 TU total density 20.5 0.00 0.00 0.84 

3 Coarse DWM density 16.6 0.00 0.00 0.87 

4 TU total clumping 9.5 0.00 0.00 0.89 

5 TU upper strata density 9.2 0.00 0.00 0.92 

6 Nonvascular species diversity  8.7 0.00 0.00 0.98 

7 Volume of coarse DWM ≥ stage 5 36.0 0.00 0.00 0.99 

8 LU woody stemmed plant cover 28.3 0.00 0.00 1.00 

 

 

 

Without Canopy Tree Dataset 
DCA ordination of the dataset without canopy 
tree variables demonstrated that forest structures 
other than canopy trees could be used to 
separate stand ages. Stand ages were most 
clearly separated by a combination of axes one 
and two (Figure 3.9), but neither axis alone was 
sufficient to separate stand ages. Axis one 
separated old from young and mature stands, 
and was dominated by the accumulation of large 

and decayed deadwood materials (densities of 
snags >20 cm DBH, snags with conks, and 
coarse DWM) and kurtosis of canopy openness 
(Table 3.5). Overall, axis one accounted for 
42% of the total variation. Axis two placed 
young stands between mature and old stands 
with the dominant variables being kurtosis of 
canopy openness and density of tall understory 
conifers (Table 3.5). Overall, axis two 
accounted for 15.3% of the total variation. 



 

 42 

-2

-1

0

1

2

3

Axis 2

-1 0 1 2 3
Axis 1

Old

Mature

Young

Decayed Snag Density

Coarse DWM Density

Canopy Kurtosis

Canopy Kurtosis
Conifer Density

Large Snag Density
 

FIGURE 3.9. Stand ordination using detrended correspondence analysis (DCA) to ordinate forest structure excluding 
canopy tree variables from a chronosequence of aspen mixedwood stands in Alberta (Table 3.2). 

TABLE 3.5. Summary statistics of detrended correspondence analysis (DCA) on forest structure excluding canopy tree 
variables from a chronosequence of aspen mixedwood stands in Alberta. Variables with the ten greatest 
positive/negative scores are listed for each axis. TU=tall understory (>1 m to subcanopy). LU=low understory (<1 m). 

Axis 1 Axis 2 

eigenvalue=0.042 eigenvalue=0.016 

gradient length=0.78 gradient length=0.53 

Variable Score Variable Score 

Snag density >20 cm DBH 3.4 TU conifer density 5.2 

Density of snags with conks 3.1 Snag density 2.2 

Fungi cover 2.4 Density of snags with conks 2.0 

Liverwort cover 2.3 Snag density stages 4 and 6 –1.9 

Snag density stages 4 and 6 1.8 TU large stem diameter clumping –1.9 

TU aspen density 1.8 TU aspen density –2.0 

Moss cover 1.7 TU upper strata density –2.0 

TU small stem diameter density –1.6 Fungi cover –2.1 

Kurtosis of canopy openness –3.0 TU (non-aspen) deciduous density –2.5 

Coarse DWM density –3.1 Kurtosis of canopy openness –4.3 

 
Even without the canopy tree variables, stand 
ages were readily discriminated using SDA 
(Table 3.6). For this dataset, the density of 
upper strata understory (3 m to subcanopy), 
diversity index of nonvascular species, and 
kurtosis of canopy openness accounted for 0.82 
of the average canonical correlation with age. 
The density of upper strata understory was 
significantly greater in young and old stands 

than mature stands (Figure 3.4p). The kurtosis 
of canopy openness and diversity of nonvascular 
species were significantly greater in young 
stands than in mature stands (Figures 3.2b and 
3.6c). SDA entered another eight variables that 
accounted for the remaining R2=0.18 (Table 
3.6). 
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TABLE 3.6. Stepwise discriminant analysis (SDA) of stand age on forest structure excluding canopy tree variables 
from a chronosequence of aspen mixedwood stands in Alberta. TU=tall understory (1 m to subcanopy). 

Step Variable F Wilks' Lambda P Average Canonical Correlation 

1 TU upper strata density 10.5 0.30 0.00 0.35 

2 Nonvascular species diversity  11.5 0.08 0.00 0.57 

3 Kurtosis of canopy openness 9.0 0.02 0.00 0.82 

4 Snag density stages 4 and 6 7.0 0.01 0.00 0.84 

5 TU small stem diameter density 10.7 0.00 0.00 0.85 

6 TU (non-aspen) deciduous density 6.7 0.00 0.00 0.86 

7 Snag density >20 cm DBH 76.1 0.00 0.00 0.86 

8 TU aspen clumping 18.2 0.00 0.00 0.86 

9 Fungi cover 2335.3 0.00 0.00 0.95 

10 TU diversity index 72.4 0.00 0.00 1.00 

 

 

Discussion 

Forest structure within aspen mixedwood forests 
followed the general patterns of temporal 
development suggested by Spies and Franklin 
(1988). Of the variables that changed with stand 
age, the largest percentage increased (48%). In 
general, the current cohort of trees (e.g., canopy 
tree height), secondary canopy species (e.g., 
density of paper birch), tall understory structure, 
(e.g., species richness), deadwood materials (e.g., 
overall snag density, and volume of coarse 
DWM) all increased over time. These variables 
were either directly (e.g., tree height) or 
indirectly (e.g., overall snag density) affected by 
the growth and development of live trees.  

Not surprisingly, DCA and SDA revealed that 
canopy tree characteristics such as DBH and 
height, and densities of aspen, were strong 
discriminating variables of stand age. Strong 
recruitment after stand initiating wildfires 
characterizes aspen stand development. Initial 
stocking rates of 160,000–280,000 stems/ha are 
not unusual (Bella and De Franceschi 1980); 
however, these exhibit an exponential thinning to 
3000–6000 stems per ha by 30 years of age and 
500–1000 stems by a hundred years. 
Accompanying this thinning is a strongly 
correlated increase in trunk size and height of 
aspen (Kirby et al. 1957; Bella and De Franceschi 
1980). These densities and sizes of stems 
numerically dominate a stand during young and 
mature stand development (Plates 5, 6, 7). 
Increases in the density of large trees during 

stand development are also important in 
discriminating stand age in northern New 
England hardwood (Gore 1986), southern 
Appalachian hardwood (Martin 1992; Hardt 
1993), and central hardwood regions of the 
United States (Parker 1989; Tyrrell and Crow 
1994). 

Tyrrell and Crow (1994) argued that threshold 
changes in forest structure may signify large 
functional changes in the forested ecosystem. In 
aspen mixedwood forests, the major seral 
development between young/mature stands and 
old stands is the "break-up" of the canopy. This 
occurs because of mortality among the stand-
initiating cohort of trees and begins between 70 
and 100 years of age (Fralish 1972). At this age, 
gaps created by mortality are not filled by 
neighbouring canopy trees. Canopy break-up may 
produce a functional change in the structure of 
the forest and, in a cascade of events, produce a 
threshold transition from mature to old for many 
variables. Mortality of canopy trees releases 
space for emergence of secondary canopy 
species. Both DCA and SDA indicated that the 
emergence of secondary canopy species such as 
white spruce and paper birch, and emergence in 
understory conifers were important 
discriminating variables. All of these variables 
were increasing with stand age. Invasion of non-
dominant and co-dominant secondary species is a 
common feature of older stands. Alaback (1982) 
found the increasing dominance of western 
hemlock in Sitka spruce forests was a 
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discriminating variable between secondary and 
primary forests in southeastern Alaska. A number 
of other studies have found similar results 
(Barden 1981; Clebsch and Busing 1989; Parker 
et al. 1985; however, see Hardt 1993).  

If canopy break-up is an important functional 
difference between mature and old stands then 
logic dictates that percent canopy openness 
should be a significant discriminating variable. 
Our analysis demonstrated a relatively weak 
ability of mean percent canopy openness to 
discriminate among stand ages. Mean canopy 
openness was ordered (highest to lowest); young, 
old, and mature, however, only young and mature 
were significantly different (Plates 8, 9, 10). A 
functional relationship exists between canopy 
gaps and the height of the opening (Canham 
1988). To produce an equivalent percent canopy 
openness in low and tall stature canopies, 
openings in the tall canopy must be much larger 
than low canopies. This is because light is 
attenuated through the hole in the canopy and is 
lower in taller canopies with equivalent sized 
gaps. This reasoning suggests that old stands 
actually had greater openings on the top surface 
of the canopy because the mean percent canopy 
openness was the same between mature and old 
stands. Other studies have suggested that older 
stands have larger canopy gaps (e.g., Lertzman 
1992; Tyrrell and Crow 1994). 

Kurtosis of canopy openness was much greater in 
young than either mature or old stands (Fig. 3.2b) 
indicating that young stands had a wider 
distribution of light environments in the 
understory. Mortality and falldown of large 
veteran trees and snags from the pre-existing 
stands produced canopy gaps in young stands. 
Due to the low stature of the canopy, these gaps 
resulted in high percentage openness values.  

The second most common stand development 
pattern (32%) was a U-shaped pattern, i.e., 
greater in young and old stands (Table 3.2). In 
general, tall understory structure (e.g., total 
density, spatial clumping), large deadwood 
materials (e.g., densities of snags >20 cm DBH 
and coarse DWM), and nonvascular communities 
(e.g., species richness, species diversity) had U-
shaped distributions. These variables were the 
product of environmental conditions in young 

stands or residual material left after the 
catastrophic stand initiating event, and later, the 
growth and development of live trees. 

In general, densities of tall understory exhibited a 
U-shaped pattern (Table 3.2) with several 
variables discriminating stand age. In part, tall 
understory may be responding to similarities in 
understory light levels in young and old stands. 
Photosynthetically active radiation was high in 
young stands (Chapter 2), where the canopy is 
relatively low and thin. As the stand develops to 
mature stages, the canopy increases in volume 
and height, thereby reducing the light reaching 
the understory (Rowe 1956). After maturity, 
canopy break-up occurs and understory again 
receives a greater amount of light, producing a 
more robust tall understory community. 

For aspen mixedwood forests, total density of tall 
understory stems and upper strata stem density 
were important variables discriminating among 
stand age. According to SDA, these variables 
were second only to canopy tree density as 
discriminating variables. Both these variables 
exhibited a U-shaped change with stand age. For 
western hemlock/sitka spruce forests, in 
southwestern Alaska, Alaback (1992) found 
shrub production to be the third highest weighted 
variable for discriminating stand age. However, 
Hardt (1993) found understory variables to be 
unimportant in distinguishing mixed mesophytic 
forests in the southern Appalachian. 

Spies and Franklin (1988) suggest that understory 
heterogeneity should be greater in young and old 
stands. Approximately half the low and tall 
understory clumping variables (4/9) in this study 
exhibited a difference among stand ages; 
however, none of these variables were important 
discriminating variables. Indices of clumping are 
highly sensitive to quadrat size. We used a single 
quadrat size for each sampling protocol. Ideally, 
to detect clumping, one should use multiple 
sample sizes; however, clumping may be a 
relatively weak discriminating variable in most 
forest types. Schaefer (1993) found spatial 
patterns to vary widely among plants of the taiga 
boreal forests in Manitoba, but found no 
relationship to stand age. Spies and Franklin 
(1991) were unable to detect any differences in 
understory heterogeneity in Douglas fir forests of 
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the Pacific Northwest United States. Similarly, 
Hardt (1993) found no relationship between 
understory species aggregation and stand age. 

Although changes in understory light regime may 
have affected some tall understory variables, they 
seemed to have relatively little effect on the low 
understory diversity, richness, and indices of 
clumping. This lack of response may be due to 
the data being pooled into broad categories (e.g., 
woody stemmed herbs). Patterns may exist at the 
species level; however, these would have been 
masked by our treatment of the data. This applies 
to both the low and tall understory datasets. Both 
will be the subject of species-level analysis in 
Chapter 5.  

Deadwood materials in aspen mixedwood forests 
were derived from two sources: pre-fire materials 
that remained after the stand-initiating fire and 
post-fire materials produced by mortality among 
the post-fire cohort of trees. The combination of 
these two processes should produce a U-shaped 
distribution with stand age (Spies and Franklin 
1988). The characteristics of the pre-fire 
materials depend upon the characteristics of the 
pre-fire forest and the stand-initiating fire. In 
general, aspen fires tend to be nonconsumptive 
(Horton and Hopkins 1965). In our study, density 
of snags >20 cm and the density of coarse DWM 
displayed a U-shaped distribution indicating that 
our young stands were relatively old when they 
burned. It is unclear how long pre-fire snags and 
DWM remain as stands develop. Aspen is not 
resistant to decay (Miller 1983); hence, it is not 
likely to remain intact on the forest floor for long 
periods of time. The patterns of pre- and post-fire 
residual materials will be further investigated in 
Chapter 4.  

Although not ranked as highly as understory 
release and deadwood variables, nonvascular 
species variables also served to discriminate 
stand age. Almost all nonvascular variables 
exhibited changes with stand age (Figure 3.6a–g); 
however, the strength of those changes was 
relatively small compared to canopy tree, tall 
understory, and deadwood variables. In order to 
detect an effect, tree canopy variables had to be 
removed (Table 3.5). The effect of stand age on 
nonvascular communities will be investigated in 
Chapter 6. 

Conclusions and Implications  

The results of this study indicate that old stands 
are structurally distinct from young/mature 
stands. Their uniqueness is due primarily to the 
low density of large trees, release of the 
understory, emergence of secondary canopy 
species, accumulation of deadwood (i.e., snags 
and DWM), and the nonvascular communities 
that develop on the DWM. Young stands share a 
number of characteristics with old stands. These 
include large deadwood materials, multi-layered 
and dense understory, and diverse nonvascular 
community. 

Results of this study should be extended with 
caution to harvested forests. Though it is 
tempting to use these variables as a "recipe" for 
producing old stand attributes, we should not 
focus our entire management efforts on either 
promoting or maintaining strictly these variables. 
This is particularly true of SDA variables. These 
variables maximize the statistical differences 
between stand ages. They are not an inventory of 
old stand characteristics. Chronosequence 
changes of some variables have simple, 
straightforward, well-documented mechanisms, 
e.g., the decrease of aspen density with age is the 
result of self-thinning. Changes in other variables 
appear to be much more complex. For example, 
changes in the diversity of nonvascular 
communities with stand age result from complex 
interactions among time since disturbance, 
propagule sources, densities and decay rates of 
DWM, canopy species, and understory species 
(Chapter 6). Research should focus on 
understanding the underlying mechanisms that 
produce changes in forest structure during stand 
development, how tightly coupled forest 
variables are to each other, and what effect 
management of individual forest variables has on 
other forest variables. 
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4. CHANGES IN SNAGS AND DOWN WOODY MATERIAL CHARACTERISTICS IN A 

CHRONOSEQUENCE OF ASPEN MIXEDWOOD FORESTS IN ALBERTA 

Philip C. Lee, Susan Crites, Marie Nietfeld, Hai Van Nguyen, and J. Brad Stelfox 

Abstract 

We examined the density, structure, and 
dynamics of snags and down woody material 
(DWM) in young (20–30 years), mature (50–65 
years), and old (120+ years) stands in mesic 
aspen mixedwood forests of Alberta. Snag 
densities ( 10 cm DBH) were significantly 
greater in mature and old stands, while coarse 
DWM ( 11 cm diameter) densities were 
significantly greater in young and old stands. The 
volume of coarse DWM was significantly greater 
in old stands than in either young or mature 
stands. 

Analysis of spatial components of variation in 
young stands suggested that fires produce 
spatially heterogeneous patterns in the densities 
of trees and deadwood material. The degree of 
spatial heterogeneity within and among stands 
decreased as stands developed to maturity. In old 
stands, densities of trees and deadwood material 
retained spatial homogeneity within stands; 
however, they became more heterogeneous 
among stands. 

Comparisons of size distribution and decay 
patterns indicated that in young stands 19.1±13.0 
(S.E.M.) snags/ha (53.9%) and 48.5±11.9 m/ha of 
coarse DWM (79.2%) were derived from the pre-
fire cohort of trees. Mature stands retained only 
3.8±4.0 snags/ha (5.8%) of the pre-fire snags. 
However, they retained 50.4±6.4 m/ha of pre-fire 
coarse DWM (65.7%). In old stands, snags and 
coarse DWM were likely generated from the 
post-fire cohort of trees. The diversity of sizes 
and decay patterns of snags and DWM were 
different depending on stand age. This was 
largely due to the combination of pre-fire 
materials at stand initiation and the post-fire 
materials generated by self-thinning and mortality 
of large trees. 

Introduction 

Natural disturbances have been suggested as a 
template for forest ecosystem management. 

Hunter (1993) speculated that rates and sizes of 
fires, and residual material produced by natural 
disturbances were parameters applicable to forest 
management. Aspen mixedwood forests may 
represent ideal candidates for management 
practices that use natural disturbances as a 
template. In the boreal forest, fire is the primary 
stand-replacing disturbance (Rowe and Scotter 
1973; Johnson 1992). Commonly, stand-replacing 
fires in the northern boreal forest occur between 
50 and 120 years (Yarie 1981; Larsen 1989). In 
northern Alberta, fire return intervals have 
increased from 38 years in the early 1900s to 90 
years by the late 1960s (Murphy 1988). 
Recommended rotation ages for timber harvest in 
northern Canada vary between 30 and 115 years, 
though 70 years is common (reviewed in Petersen 
and Petersen 1992). Hunter (1993) suggested that 
the distribution of harvested blocks be tailored to 
the sizes of natural fire patterns in the boreal 
forest, but he speculated that the mean size of 
such cutblocks would in all likelihood be 
aesthetically unacceptable. This paper addresses 
the last of Hunter's (1993) points, i.e., the fate of 
residual material remaining after disturbances in 
aspen mixedwood forests. 

Deadwood material is a critical element of forest 
ecosystems (Harmon et al. 1986). Standing dead 
trees or snags serve as foraging sites for birds 
(Connor 1980; Gibbs et al. 1993), and substrate 
for cavity nesting vertebrates and invertebrates 
(Barclay et al. 1988; Connor et al. 1975; Gibbs et 
al. 1993). Similarly, down woody material 
(DWM) provides substrate for a variety of fungi, 
mosses, lichens, and herbaceous and woody 
vascular plants throughout its decay (McCullough 
1948; Sharpe 1956; Söderström 1988; Harmon 
1989). DWM is also important to numerous 
invertebrate and vertebrate animals for body 
temperature regulation and access to food, cover, 
and transportation corridors (Maser & Trappe 
1984; reviewed in Harmon et al. 1986). 

Timber harvest of aspen in boreal forests 
converts stands of 60 years or older to younger 
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stands. Generally, clearcutting would greatly 
reduce the densities and size distributions of 
trees, snags, and DWM, and subsequently alter 
wildlife communities associated with these 
structures. To address these concerns, forest 
managers should consider the retention of pre-
harvest material such as green trees, snags, and 
DWM. The success of this strategy may depend 
on how well it approximates the dynamics and 
processes associated with residuals in natural 
stands. Data exist on the density, structure, and 
dynamics of snags and DWM for a number of 
coniferous and deciduous forests (Cline et al. 
1980; Thompson 1980; MacMillan 1981; 
Morrison and Raphael 1993; Raphael and 
Morrison 1987; Rosenburg et al. 1988). There are 
some data for boreal forests of Canada (Welsh 
1981; McCallum 1984; Stelfox 1988); however, 
these studies refer to conifer-dominated boreal 
forests. 

Stand initiation and development of boreal 
mixedwoods are two possible natural origins for 
snags and DWM. Self-thinning during stand 
development greatly reduces the density of trees 
in the cohort that arises after a fire. Aspen stands 
decline from tens of thousands of trees/ha at 
stand initiation to several hundred trees/ha at a 
100 years (e.g., Kirby et al. 1957). In general, 
mortality of aspen saplings is caused by a loss in 
condition due to competition from larger, more 
vigorous stems. Loss of vigor makes trees 
susceptible to insects, fungi, disease, mammal 
browsing, and mechanical breakage due to wind 
or snow (reviewed in Graham et al. 1963). Most 
of the mortality due to self-thinning comes from 
the smaller size classes (Pollard 1971). As stands 
develop, self-thinning produces significant 
quantities of snags and DWM. Such material is 
described as post-fire.  

Other sources of snags and DWM are live veteran 
trees, snags, and DWM that are not killed or 
consumed by the stand-initiating fire, i.e., pre-fire 
residue. However, fires are spatially patchy 
within and among aspen stands (Horton and 
Hopkins 1965; Rowe and Scotter 1973; Brown 
and Simmerman 1986; Eberhardt and Woodard 
1987). In part, this spatial patchiness is due to the 
low flammability of aspen (Perala and Russell 
1983) and the pattern of fine fuels within and 
between stands (Brown and Simmerman 1986). 

Brown and DeByle (1987) demonstrated that 
trees were increasingly resistant to fire severity 
with increasing DBH. In general, large diameters, 
more advanced decay, and spatially patchy 
distributions characterize residual live trees and 
deadwood material. Depending on the 
characteristics of the fire, significant amounts of 
pre-fire material may be present during the initial 
stage of post-fire stand development. 

We examined the densities, spatial structure, and 
physical characteristics of snags and DWM in 
young (20–30 years), mature (50–65 years), and 
old stands (120+ years) of aspen mixedwood 
forests in Alberta. To evaluate the relative input 
of snags and DWM from pre- and post-fire 
sources, we compared size distribution and decay 
patterns of snags and DWM to the current cohort 
of trees. Snags and DWM larger and more 
decayed than the current cohort were likely 
derived from pre-fire stands. 

Methods 

Methods for sampling snags and DWM were 
described previously (Chapter 3). Sampling of 
trees followed the same procedure as snags. 

Analysis 
To compare species composition of trees and 
snags among stand ages, we pooled all the data at 
the treatment level, i.e., age. We accept that this 
produces a loss of resolution at the stand level. 
However, we were interested in examining the 
underlying differences in the distribution of 
species among ages. A weighted least squares 
approach was used to test for differences among 
stand ages and also to provide post hoc multiple 
comparisons among ages (SAS Institute Inc. 
1989). Nearest neighbour distances (NND) of 
trees and snags were compared among stand ages 
using a nested ANOVA design. Data were nested 
to the site level for analysis. We used Tukey's 
multiple comparisons for all post hoc tests (Neter 
et al. 1990). We calculated the density of trees or 
snags within a stand based on the NND (Clarke 
and Evans 1954; Chapter 3). 

We more closely examined the underlying spatial 
structure of trees, snags, and coarse DWM by 
taking advantage of our experimental design and 
examining the spatial components of variance 
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within our nested ANOVA (SAS Institute Inc. 
1989). The analysis tested whether trees, snags, 
and coarse DWM maintained the same spatial 
distribution within stands, i.e., among sites, and 
among stands differing in age, or whether stand 
initiating fires and subsequent stand development 
created spatial heterogeneity within and among 
stands. 

Estimates of DWM volume per unit area in each 
size class were calculated using class marks for 
very fine, fine, and medium DWM or measured 
diameters for coarse DWM (Van Wagner 1968). 
Comparisons were made among stand ages for 
volumes of very fine, fine, medium, coarse, and 
total DWM using a nested ANOVA design. 
Linear densities (# per transect) of coarse DWM 
and total DWM were also analyzed. Densities of 
very fine, fine, and medium DWM were not 
analyzed because they were directly proportional 
to volumes. In all cases, data were nested to the 
transect level for analysis. 

The density of coarse DWM per unit area was 
derived from coarse DWM per m using the 
following formula (DeVries 1974). 

ˆ = ( /2L) n  (1 / il ) 
where ˆ = mean density per unit area, li = length 
of ith log, L = length of sample line, and n = 
number of logs intersecting the line. 

To estimate the densities and relative percentages 
of snags and coarse DWM from pre- and post-fire 
sources, we compared the size distributions of the 
current cohort of trees‘ diameter at breast height 
(DBH), with that of snags (DBH) and coarse 
DWM (diameter). Following Johnson (1992), 
who argues that a distinctive cohort of trees is 
recruited very rapidly after a fire, we classified 
snags and coarse DWM larger than the maximum 
tree DBH within a stand as pre-fire material. The 

largest trees in two young stands were later 
determined, through tree ring analysis, to be 
veteran pre-fire trees. In these cases, the second 
largest trees were used. 

Preliminary attempts to use live tree DBH at a 
95% confidence limit produced unsatisfactory 
results. We found that small changes in fitting a 
negative exponential curve produced large 
changes in the diameter at a 95% confidence 
limit. 

Pairwise comparisons of decay patterns among 
trees and, pre- and post-fire snags and DWM 
were completed using chi-squared tests with all 
frequencies pooled at the treatment level; i.e., 
age. As with the species analysis, we felt that 
examining the whole distribution simultaneously 
across all decay classes provided a more 
compelling test of the underlying differences 
between treatments, i.e., pre- and post-fire 
materials. A weighted least squares approach was 
used to compare the distribution of decay classes 
among stand ages (SAS Institute Inc. 1989). 

Results 

Species Composition 
Aspen was the dominant tree and snag species 
throughout all stand ages (Table 4.1); however, 
relative abundance decreased slightly with 
increasing stand age. Older stands had 
significantly higher percentages of white spruce 
and paper birch trees and snags (P<0.05; Table 
4.1) than either young or mature stands. Due to 
advanced decay, we were unable to determine the 
species of some snags, but remnant branching 
patterns and bark characteristics indicated they 
were either aspen or balsam poplar (Table 4.1). 
These were excluded from the analysis of species 
composition. 
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TABLE 4.1. Percent species composition of trees and snags ( 10 cm DBH) in a chronosequence of young (20–30 
years), mature (50–65 years), and old (120+ years) aspen mixedwood stands. Number of trees sampled in 
brackets. 

  Young  Mature  Old 

Species  Tree  Snag  Tree  Snag  Tree  Snag 

Aspen  82 (196)  82 (186)  90 (215)  85 (203)  69 (165)  72 (172) 

Balsam poplar  18 (44)  8 (19)  9 (23)  14 (33)  17 (40)  16 (38) 

Paper birch  0 (0)  0 (0)  <1 (1)  <1 (2)  10 (23)  9 (22) 

White spruce  0 (0)  <1 (1)  <1 (1)  <1 (1)  4 (9)  1 (3) 

Balsam fir  0 (0)  0 (0)  0 (0)  0 (0)  1 (3)  0 (0) 

Undetermined deciduous  0 (0)  9 (21)  0 (0)  <1 (1)  0 (0)  2 (5) 

 

TABLE 4.2. ANOVA table for weighted least squares analysis and post hoc contrasts of tree and snag species 
composition in young (20–30 years), mature (50–65 years), and old (120+ years) aspen mixedwood stands. 

  Tree         Snag 

Source df 2 P 2 P 

Intercept 4 194.80 0.00 153.90 0.00 

Age 8 46.08 0.00 29.97 0.00 

Contrasts      

young vs mature 4 7.59 0.11 2.66 0.62 

young vs old 4 32.10 0.00 29.37 0.00 

mature vs old 4 42.00 0.00 21.21 0.00 

 

TABLE 4.3. ANOVA comparisons for nearest neighbour distances (NND) among young (20–30 years), mature 
(50–65 years), and old (120+ years) aspen mixedwood stands for trees and snags ( 10 cm DBH).  

  Tree Snag 

Source df MS F P MS F P 

Age 2 19.2 5.00 0.03 42.67 5.63 0.03 

Error 9 3.85   7.58   

 

 

TABLE 4.4. Linear densities and volumes (±S.E.M.) of four diameter classes of down woody material (DWM) in 
young (20–30 years), mature (50–65 years), and old (120+ years) aspen mixedwood stands. Superscripts denote 
differences among stand ages as determined by Tukey's multiple comparison ( =0.05). 

 Linear Density (#/5 m transect) Volume (m
3
/ha) 

Diameter Class (cm)  Young Mature Old Young Mature Old 

0–1.9 30.5 28.1 27.7 7.5
a
 6.9

b
 6.8

b
 

(very fine) (±0.598) (±0.538) (±0.712) (±0.15) (±0.13) (±0.18) 

2.0–4.9 2.46 2.92 1.75 7.4
b
 8.8

a
 5.3

c
 

(fine) (±0.098) (±0.094) (±0.087) (±0.30) (±0.28) (±0.27) 

5.0–10.9 2.06 1.05 0.683 32.6
a
 16.6

b
 10.8

c
 

(medium) (±0.087) (±0.055) (±0.057) (±1.40) (±0.86) (±0.90)  

11.0 0.710
a
 0.369

b
 0.663

a
 61.3

c
 76.8

b
 101.4

a
 

(coarse) (±0.051) (±0.028) (±0.038) (±4.94) (±7.62) (±6.89) 

Total 35.73
a
 

(±0.641) 

32.44
b
 

(±0.573) 

30.80
b
 

(±0.753) 

108.8
a
 

(±5.1) 

109.1
a
 

(±7.6) 

124.3
a
 

(±7.1) 
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TABLE 4.5. ANOVA tables for volumes/densities of down woody materials (DWM) among young (20–30 years), 
mature (50–65 years), and old (120+ years) aspen mixedwood stands. 

  Very fine DWM volume Fine DWM volume Medium DWM volume 
Source df MS F P MS F P MS F P 

Age 2 0.7 6.0 0.04 12.7 11.8 0.00 509.1 13.25 0.00 
Error 9 0.1   1.06   38.4   

 
TABLE 4.5 (continued). ANOVA tables for volumes/densities of down woody materials. 

  Coarse DWM volume Total DWM volume 
Source df MS F P MS F P 

Age 2 1,201.5 8.02 0.02 314.7 0.41 0.68 
Error  9 203.7   770.9   

 

TABLE 4.5 (continued). ANOVA tables for volumes/densities of down woody materials. 

  Coarse DWM density Total DWM density 
Source df MS F P MS F P 

Age 2 1,961.3 6.87 0.04 453,150.8 5.90 0.04 
Error  9 285.7   76,805.2   

 
Densities and Volumes 
Nearest neighbour distances (NND) of trees 
( 10 cm DBH) were significantly different 
among stand ages (P<0.05; Table 4.3). Mean 
densities (±S.E.M.) of 277.5±70.6, 
1247.1±148.4, and 534.6±71.6 stems/ha were 
calculated for young, mature, and old stands, 
respectively. Corresponding mean snag 
densities (±S.E.M.) at each stand age were 
33.0±6.8, 73.1±11.3, and 66.2±9.1 snags/ha 
( 10 cm DBH) for young, mature, and old 
stands, respectively. Snag NND were 
significantly different among stand ages 
(P<0.05; Table 4.3). Post hoc analysis of 
NND indicated young stands were 
significantly lower in snag density than either 
mature or old stands (P<0.05). No significant 
difference was detected between mature and 
old stands (P>0.05). 

Not surprisingly, linear densities of DWM 
were dominated by very fine DWM (Table 
4.4). As the diameter of material increased, 
its relative linear density decreased within 
age classes. Linear densities of very fine 
DWM were 10 to 16 times greater than fine 
DWM. Subsequent decreases from fine to 
coarse DWM were less dramatic varying 
from one to three times. Young and old 
stands had significantly greater linear 
densities of coarse DWM than mature stands; 
however, the mean diameter of coarse DWM 

(±S.D.) was significantly greater in old stands 
than young stands (23.5 cm ±8.1 and 18.0 cm 
±5.8 respectively; P<0.05). Overall, young 
stands had significantly greater linear 
densities of total DWM than either mature or 
old stands (P<0.05; Table 4.5). This 
difference was due to the relatively high 
densities of very fine DWM. Mean linear 
densities of coarse DWM per metre translate 
to 171, 82, and 157 pieces of coarse DWM/ha 
for young, mature, and old stands, 
respectively. 

In contrast, volumes of DWM showed a very 
different pattern (Table 4.4). As the diameter 
of DWM increased, its relative contribution 
to the total volume increased (Table 4.4). 
Very fine and fine DWM contributed 12–
15% of the total volume while coarse DWM 
contributed 56–82% of the total volume of 
DWM. Overall, we detected no significant 
differences in the total volumes of DWM 
among stand ages (P>0.05; Table 4.5). 
However, stand ages differed in the volumes 
of DWM within different diameter classes. 
Young stands had significantly greater 
volumes of very fine and medium DWM 
(P<0.05; Table 4.5) than either mature or old 
stands. Mature stands had greater volumes of 
fine DWM than either young or old stands 
(P<0.05; Table 4.5). Old stands had greater 
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volumes of coarse DWM than either young or 
mature stands (P<0.05; Table 4.5). 

Spatial Patterns 
Spatial components of variance analysis 
strongly suggested that spatial patterns of 
trees, snags, and coarse DWM were 
influenced by stand initiating fires and 
changed during the course of stand 
development. Young stands exhibited a 
significant degree of heterogeneity in 
densities of snags and coarse DWM among 
sites (P<0.05; Table 4.6), Young stands also 
exhibited a significant degree of spatial 
heterogeneity among stands for all three 
parameters (P<0.05; Table 4.6). As the stand 
developed to maturity, the spatial pattern 
homogenized both within and among stands. 
Mature stands exhibited no significant 
heterogeneity for all three parameters within 
stands (P>0.05; Table 4.6) and only coarse 
DWM density was significantly 
heterogeneous among mature stands (P<0.05; 
Table 4.6). No significant differences were 
noted within old stands (P>0.05, Table 4.6), 
but tree densities were significantly 
heterogeneous among stands (P<0.05; Table 
4.6). Thus, old stands appeared to diverge 
from each other; however, spatial pattern of 
trees, snags, and coarse DWM within stands 
remained homogenous. 

Size Distributions of Trees, Snags and 
Coarse DWM 
The frequency distribution of trees exhibited 
a steep exponential decline in density with 
DBH for all ages (Figures 4.1a, 4.2a, 4.3a). 
Most trees ( 10 cm) were found in the 10.0–
14.9 cm DBH size class in all ages. The 
slopes of decline and lengths of tails among 
size distributions were increasingly skewed 
to the right, i.e., larger diameters with stand 
age. In young and mature stands, snag density 
declined with DBH (Figures 4.1b, 4.2b). The 
slope for mature stands was steeper and less 
skewed right than for young stands. In old 
stands, snag densities demonstrated a stepped 
decline with larger DBHs (Figure 4.3b). 
Densities for 10.0–44.9 cm DBH ranged from 
6–10 snags/ha; however, 45–75+ cm DBH 
densities ranged from 0.3–2.5 snags/ha. 

In young stands, densities of coarse DWM 
showed a peak at 15.0–19.9 cm diameter with 
a right skew to a maximum 45.0–49.9 cm 
diameter (Figure 4.1c). In contrast, densities 
of coarse DWM in mature stands were 
distributed over a greater range of size 
classes with a peak density of 20–24.9 cm in 
diameter and a right skew to a maximum 
diameter of 65–69.5 cm (Figure 4.2c). The 
size distribution of DWM in old stands was 
intermediate between young and mature 
stands with a peak of 15–19.5 cm in diameter 
and a right skew to a maximum diameter of 
55–59.5 cm (Figure 4.3c). 

TABLE 4.6. Summary of variance components analysis on trees ( 10 cm DBH), snags ( 10 cm DBH), and 
coarse ( 10 cm DBH) down woody materials (DWM) densities (trees or snag/ha or # logs/5 m transect) within 
and among young (20–30 years), mature (50–65 years), and old (120+ years), aspen mixedwood stands. 

   Trees Snags Coarse DWM 

Variance Source df MS F P MS F P MS F P 

Young Stand 3 338.8
4 

5.414 0.01 623.69 4.007 0.02 42.99 16.623 0.00 

 Site 20 62.58 1.655 0.06 155.67 1.896 0.02 2.59 2.862 0.00 
 Error 96 37.82   82.12   0.90   
Mature Stand 3 1.89 2.194 0.12 29.03 1.293 0.30 2.41 6.400 0.00 
 Site 20 0.86 0.739 0.78 22.45 1.253 0.23 0.38 1.030 0.42 
 Error 96 1.17   17.92   0.37   
Old Stand 3 5.64 3.644 0.03 29.22 1.802 0.18 3.50 3.857 0.25 
 Site 20 1.55 0.597 0.91 16.22 1.047 0.42 0.91 1.375 0.13 
 Error 45

6 
2.59   15.48   0.66   
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FIGURE 4.1. Relative densities (  S.E.M.) of a) 
trees, b) snags, and c) coarse down woody 
material (DWM) by diameter classes in young 
(20–30 years) aspen mixedwood stands. Trees and 
snags were measured as DBH. 
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FIGURE 4.2. Relative densities (  S.E.M.) of a) 
trees, b) snags, and c) coarse down woody 
material (DWM) by diameter classes in mature 
(50–65 years) aspen mixedwood stands. Trees and 
snags were measured as DBH. 

0

100

200

300

400

12.5 22.5 32.5 42.5 52.5 62.5 70+

0

5

10

15

20

12.5 22.5 32.5 42.5 52.5 62.5 70+

0

0.02

0.04

0.06

0.08

12.5 22.5 32.5 42.5 52.5 62.5 70+

Diameter Classes

a

b

c

T
re

e
s

 h
a

D
W

M
 5

 m
 

S
n

a
g

s
 h

a
-1

-1
-1

 
FIGURE 4.3. Relative densities (  S.E.M.) of a) 
trees b) snags and c) coarse down woody material 
(DWM) by diameter classes in old (120+ years) 
aspen mixedwood stands. Trees and snags were 
measured as DBH. 

 
Snag and Coarse DWM Origins 
Among young stands, the diameter for 
separation of pre- and post-fire materials 
ranged from 13.9–17.4 cm. Among mature 
stands, the diameter ranged from 21.5–29.1 
cm. Among old stands, the largest DBH for 
trees ranged from 51.5–59.5 cm. Because of 
the size similarities between trees, snags, and 
coarse DWM, pre-fire from post-fire material 
could not be distinguished using this 
technique for old stands (Figure 4.3abc). 

In young stands, approximately 19.1±6.5 
snags/ha (53.9%) (mean±S.E.M.) and 
48.5±6.0 m3/ha (79.2%) of coarse DWM 
were estimated to be of pre-fire origin. In 
mature stands, approximately 3.8±2.0 
snags/ha (5.8%) and 50.4±3.3 m3/ha (65.7%) 
of coarse DWM were of pre-fire origin. 
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In general, comparison of decay patterns 
among pre- and post-fire snags and coarse 
DWM supported the use of the above size 
criteria. Overall, pre-fire snags and coarse 
DWM were more decayed than post-fire 
materials. In young and mature stands, pre-
fire snags exhibited significantly greater 
percentages of advanced decay than either 
trees ( 2=118.90 and 117.76; df=2, P<0.05, 
respectively; Table 4.7) or post-fire snags 
( 2=43.76 and 152.64; df=2; P<0.05 
respectively; Table 4.7). Similarly, pre-fire 
snags exhibited significantly less bark cover 
than post-fire snags in young and mature 
stands ( 2=75.21; 2=90.11; df=4, 
respectively; P<0.05; Table 4.8). Overall 
densities of coarse DWM in decay stages 
were significantly different among age 
classes (P<0.05; Table 4.9). Densities of 

coarse DWM in young stands were greatest 
in decay stages three and four, with relatively 
low densities in earlier decay stages (Figure 
4.4a). Densities of coarse DWM in mature 
stands were highest in advanced decay stages 
(Figure 4.4b). Relative to young and mature 
stands, coarse DWM densities in old stands 
exhibited an even distribution among decay 
stages (Figure 4.4c). In young stands, pre-fire 
coarse DWM was significantly more decayed 
than post-fire coarse DWM ( 2=41.12; df=6; 
P<0.05; Figure 4.4a). However, in mature 
stands the distribution of decay stages 
between pre- and post-fire coarse DWM was 
not significantly different ( 2=7.17; df=6; 
P>0.05; Figure 4.4b), though there was no 
pre-fire coarse DWM recorded in decay 
stages 4 or lower. 

 

TABLE 4.7. Percentage wood conditions for post-fire trees and, pre- and post-fire snags in young (20–30 
years) and mature (50–65 years), and live trees and snags in old (120+ years) aspen mixedwood stands. (See 
text for full explanation.) 

 Young Mature Old 
 Trees Snags Trees Snags Trees Snags 
Wood Condition Post-fire Post-fire Pre-fire Post-fire Post-fire Pre-fire   

Clear 72.1 35.8 5.0 57.9 28.9 0.0 52.5 6.3 
Stain 16.3 13.2 1.7 18.8 11.1 0.0 19.9 3.7 
Decay 10.8 50.9 93.3 23.3 60.4 100.0 27.5 90.0 

 

TABLE 4.8. Percentage bark cover on pre- and post-snags, and in young (20–30 years) and mature (50–65 
years), and old (120+ years) aspen mixedwood stands. (See text for full explanation.) 

  Young  Mature  Old 
% bark cover  Pre-fire  Post-fire  Pre-

fire 
 Post-fire   

0–19  46.2  26.4  21.4  0.0  2.1 
20–39  20.7  2.8  21.4  0.4  5.8 
40–59  19.8  9.4  24.1  1.8  10.0 
60–79  8.3  0.9  7.1  2.7  9.5 
80–100  5.0  60.3  28.5  95.1  72.5 

 

TABLE 4.9. ANOVA table for weighted least squares analysis of decay classes of coarse DWM in young 
(20–30 years), mature (50–65 years), and old (120+ years) aspen mixedwood stands. 

Source df  2 P 

Intercept 6 2464.54 0.00 
Age 12 429.47 0.00 
Contrasts    
young vs mature 6 386.85 0.00 
young vs old 6 124.49 0.00 
mature vs old 6 110.20 0.00 
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FIGURE 4.4. Density of coarse ( 11 cm diameter) 
down woody material (DWM) in each decay stage for 
a) young (20–30 years), b) mature (50–60 years), and 
c) old (120+ years) aspen mixedwood stands. Stage 1 
represents a freshly fallen tree while stage 7 is barely 
recognizable as a log. See Table 4.2. 

Discussion 

The results allow us to sketch the successional 
pattern of snags and DWM within aspen 
mixedwood stands in Alberta. Snags, DWM, and 
trees remaining after wildfires contribute to the 
structure of the subsequent stand. By 20–30 
years, 53.9% (19.1 snags/ha) of snags were 
derived from pre-fire materials (Plate 11). 
However, there was a great deal of variation both 
within and among young stands. As stands aged 
to 50–65 years, overall snag density increased but 
the percentage of pre-fire snags decreased to 
5.8% (3.8 snags/ha; Plate 12). This decrease was 
due to the fall of pre-fire snags and the self-
thinning of post-fire trees generating new snags. 
Old and mature stands had similar snag densities, 
although self-thinning within mature stands gave 
way to senescence and mortality of large trees in 
old stands. Coarse DWM followed a similar 
pattern to snags; however, pre-fire materials 
persisted longer into stand development. The 
volume of pre-fire coarse DWM remained 
relatively unchanged from young to mature ages. 

The decay of pre-fire coarse DWM into organic 
matter from young to mature stands was offset by 
the fall of pre-fire snags (Plate 13). 

The change from pre-fire to self-thinning to 
senescence of large post-fire trees as sources of 
deadwood during stand development creates a 
unique mix of characteristics for each stand age. 
Although factors such as wind, insect outbreaks, 
disease, and mammal damage can kill trees 
outside of this general sequence (Graham et al. 
1963), the successional sequence of deadwood 
material provides the clearest explanation for the 
observed patterns. In young and mature stands, 
the combination of pre-fire and self-thinning 
materials produces a mix of large diameter 
materials with advanced decay and small 
diameter material with little decay.  

Specific characteristics of pre-fire materials are 
dependent upon the structure of the previous 
stand and fire intensity. Hot consumptive fires or 
young stands that burn would leave few large 
residual materials in advanced decay stages. For 
example, one of our young stands had little 
residual material. Unfortunately, characteristics 
of the pre-fire study stands, or the fires which 
initiated the stands were not available.  

Characteristics of post-fire snags and coarse 
DWM reflect the intensity of self-thinning on the 
live tree distribution. The density of live aspen 
exhibits a steep exponential decay with stand age, 
at first due to self-thinning within clones and 
later among clones (Sandberg 1951; Turlo 1963; 
Mueggler 1994). Typically, less vigorous small 
diameter stems die first, particularly in the first 
stages of self-thinning within clones. As clones 
begin to compete amongst each other, the decline 
in stem density decreases and the stems that die 
are generally larger. 

We found that post-fire snags and coarse DWM 
in both young and mature stands were the product 
of both intra- and interclonal thinning. Overall, 
the size distribution of post-fire snags and coarse 
DWM should lag behind the size distribution of 
live trees. As the stand ages, however, and trees 
die from senescence, the size distribution of post-
fire snags and coarse DWM should begin to 
match that of live trees. 
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Old stands had a number of unique characteristics 
relative to young and mature stands. Snags and 
DWM in old stands were derived predominantly 
from the senescence and mortality of first cohort 
trees. The evenness of size classes and decay 
patterns of snags was much greater in old stands. 
The variance in coarse DWM did not express 
itself in a greater range of diameters; rather, the 
densities of decay stages were more uniformly 
distributed (Figure 4.5a,b,c). Greater DWM 
densities of these intra-stand habitats within old-
growth forests of the Pacific Northwest lead to 
greater diversity of plant and animal species (e.g., 
Franklin et al. 1981). Though there are no 
published data on the relative biodiversity of old-
growth aspen mixedwood forests of Alberta, the 
greater ranges of sizes and conditions of live 
trees, snags, and coarse DWM would lead us to 
predict a higher species diversity.  

Our use of the largest post-fire tree as a criterion 
for estimating pre-fire snags and coarse DWM 
was probably conservative. Material in smaller 
size classes may be derived from pre-fire sources 
but was not included in our estimates. Decay 
rates, however, are exponentially greater for 
small diameter materials (reviewed in Harmon et 
al. 1986); hence, much of the small pre-fire 
material may have already been lost by 20–30 
years. Another potential problem was that the 
diameter of coarse DWM was measured only at 
the point of line intersection. On average, this is 
less than the DBH of most trees. Thus some 
DWM may have occupied larger size classes and 
should have been included in estimates of pre-fire 
material. Both of these potential errors would 
lead to an underestimation of the DWM derived 
from pre-fire stands. 

The patterns of spatial variation reflect the 
heterogeneous nature of both stand-initiating fires 
and subsequent stand development. Spatial 
heterogeneity of snags and DWM patterns within 
stands suggested that fires left a heterogeneous 
pattern of residual materials. Eberhart and 
Woodard (1987) found that larger fires produced 
greater numbers and areas of residual unburned 
islands. However, their results are difficult to 
directly compare because their lower limit of 
detection was 1 ha. By 50–65 years, the 
heterogeneous patterns produced by fires were no 
longer detectable in tree and snag densities within 

or among stands, but were still detectable in 
coarse DWM among stands. In part, this is 
because stands are now beginning to generate 
snags from post-fire trees. These trees are likely 
to be relatively less clumped and more regular in 
spatial distribution than fire residual material. 
The distribution of coarse DWM, as we have 
already argued, was still influenced by pre-fire 
material, hence, it remained heterogeneous. As 
the stands age, they may begin to diverge in 
structure but only at the stand level. Spatial 
patterns of trees showed divergence among 
stands. This divergence may in part reflect the 
secondary invasion of conifers and other 
deciduous species (Rowe 1956), successional 
biases due to local topography (Rowe 1955), 
and/or soil type (Kabzems et al. 1986). In 
general, the spatial patterns of trees were 
reflected in snags and coarse DWM at a later 
time. Snags and coarse DWM in 120+ year old 
stands appear to reflect the spatial pattern of live 
trees in 50–65 year old stands.  

Our results indicate that snag densities in boreal 
aspen mixedwood stands are comparable to some 
other deciduous forests. Rosenburg et al. (1988) 
found no decrease in snag densities with stand 
age in oak (Quercus) and oak-hickory (Quercus-
Carya) forests in southwest Virginia. Snag 
densities varied from 62.2 to 69.3 snags/ha in 
stands from 60–100+ years of age. Coniferous 
forests of the Pacific Northwest often show a 
steep decrease in snag density with stand age. 
Cline et al. (1980) demonstrated an overall 
decline in snag densities from 196 snags/ha at 35 
years to 9 snags/ha at 400 years in Pacific coast 
Douglas fir-hemlock (Pseudotsuga-Tsuga) 
forests. After 120 years, snags were rarely 
produced because of the tendency for large 
conifers to uproot. Unlike conifers, Populus spp. 
tend to break along the bole rather than uproot 
(Peterson and Peterson 1992). Thus, large trees 
will continue to produce snags over the life of a 
stand.  

Volumes of DWM measured in our study are 
comparable to some deciduous forests but are 
generally less than most coniferous forests. 
Quercus prinus and oak (Quercus) mixed forests 
in the southern Appalachian Mountains had 94 
and 132 m3/ha but Fagus-Betula forests in the 
Northeastern United States had about half this 
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volume (reviewed in Harmon et al. 1986). 
Douglas fir-hemlock (Pseudotsuga-Tsuga) forests 
in the Pacific Northwest and spruce-fir (Picea-
Abies) forests in the northern Rocky Mountains 
had about 3 to 10 times the volumes found in our 
study (Huff 1984; reviewed in Harmon et al. 
1986). However, DWM volumes in balsam fir 
forests in New Hampshire varied from 50 to 
130 m3/ha (Lambert et al. 1980). In general, 
conifer forests may have greater DWM volumes 
because of lower rates of decay due to larger 
average tree sizes (Abbott and Crossley 1982; but 
see Harmon 1982) and differences in wood 
structure (Wilcox 1973). 

Recommendations for Harvest 

Results of this study offer a template for 
incorporating the natural dynamics and 
succession of snags and DWM into forestry 
operations. Traditional harvesting methods often 
rely on whole stand harvesting, i.e., clearcutting. 
Our study strongly suggests that removal of all 
standing and fallen materials from stands runs 
counter to a natural disturbance regime. Under a 
natural fire regime, patches of trees, snags, and 
DWM often remain. This material is a "footprint" 
of the stand that existed prior to the fire and may 
be detected 50 to 65 years after stand initiation. 
Removal of such materials would, in all 
likelihood, decrease the biodiversity in young to 
mature stands of aspen mixedwood forests. One 
possible harvesting alternative is to retain a 
combination of trees, snags, and DWM at 
densities that would allow the maintenance and 
perpetuation of snags and coarse DWM into 
stand development. As snags left at harvest fall to 
the ground they would be replaced by the death 
of older live trees retained at harvesting. 
Implementation of such a harvesting alternative 
would require information on decay rates of 
snags and DWM, success of green tree retention, 
and fall down rates of snags in post-harvest 
conditions. 

The primary costs of leaving pre-harvest 
materials are the wood fiber left behind and the 
extra effort needed for planning and operator 
training. Relative to conifers, individual aspen 
trees are of low dollar value. However, green 
trees that are too small for processing may 
provide an alternative to leaving merchantable 

trees and allow for the production of snags and 
DWM later into stand development. Management 
prescriptions over the landscape should attempt 
to simulate the highly variable pre-fire forest 
structure within and among young stands. One 
possible overall harvesting plan would include 
leaving variable amounts of materials uncut to 
approximate the range of materials left by 
wildfires. To prepare such a management plan we 
need to know the amount of materials left 
immediately after a fire for a large and spatially 
dispersed number of stands. 
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5. CHANGES IN UNDERSTORY COMPOSITION FOR A CHRONOSEQUENCE OF ASPEN 

MIXEDWOOD STANDS IN ALBERTA 

Philip C. Lee, Susan Crites, Kelly Sturgess, and J. Brad Stelfox 

Abstract 

We examined patterns of understory change in a 
chronosequence of young (20–30 years), mature 
(50–65 years) and old stands (120+ years) in 
aspen mixedwood forests of Alberta. Most 
understory species present in old stands, were 
also present in young stands. Therefore 
understory vegetation in the chronosequence 
followed an initial floristics pattern. 
Approximately 50% of all species changed in 
incidence, i.e., presence/absence, among stand 
ages. Sites were separated into six major 
vegetation groups based on TWINSPAN and 
principle components analysis. Vegetation groups 
corresponded to differences in age, with young 
and old groups being the most segregated. Mature 
sites resembled either young or old sites and 
tended to be grouped along with these sites. 
Green alder and wild sarsaparilla increased with 
stand age, while willow decreased. Groups with 
predominantly mature sites were differentiated 
from groups with young sites by pea vine, 
bunchberry, dogwood, and prickly rose. Stiff club 
moss, twin-flower, wild gooseberry, river alder, 
and understory aspen separated groups with 
mature sites from groups with old sites.  

Introduction 

The low and mid boreal ecoregion covers 
approximately 43% (287,043 km2) of Alberta's 
landbase with aspen being the dominant tree 
species within this ecoregion (Strong and Leggat 
1992). Past vegetation classifications in Alberta 
have largely focused on aspen as a seral stage for 
conifer-dominated climax communities (Corns 
and Annas 1986; La Roi 1992). However, aspen 
can also occur as a climax community throughout 
the low and mid mixedwood ecoregion (Fairbarns 
1992; Kabzems et al. 1986). Despite the 
prevalence of the aspen forest type in Alberta, 
relatively little is understood about compositional 
changes that occur with stand development, 
particularly in successional trajectories that have 
an aspen-dominated climax (Fairbarns 1992). In 
other parts of its range, many aspen forest types 

are stable or climax communities; Idaho 
(Mueggler and Campbell 1982), Utah (Mueggler 
and Campbell 1986), Wyoming (Youngblood and 
Mueggler 1981; Alexander et al. 1986), North 
and South Dakota (Severson and Thilenius 1976; 
Hansen et al. 1984; Hoffman and Alexander 
1987) and Colorado (Langenheim 1962; Hoffman 
and Alexander 1980; Hess and Alexander 1986). 
Of fourteen major aspen community types found 
in the intermountain region of the United States, 
ten were stable or climax, two were seral to 
conifers, and two were grazing disclimaxes 
(Mueggler 1988). 

Two general patterns of species change are 
possible during succession: initial and relay 
floristics (Egler 1954; Connell and Slatyer 1977). 
Initial floristics postulates that most species are 
present at stand origin and, as succession 
proceeds, different species dominate the 
community. Relay floristics, on the other hand, 
postulates that changes during succession may be 
caused by a sequence of species turnovers 
(invasions and extinctions) that produce a series 
of distinct community types. Relay floristics was 
derived from Egler's (1954) synopsis of 
Clements‘ (1916) interpretation of successional 
patterns. Egler (1954) originally proposed initial 
and relay floristics as models for old field 
succession with forests as end stage; however, 
initial and relay floristics can be used to describe 
compositional changes that occur within forested 
communities. Relatively few studies have 
described species changes in understory 
communities within such a framework (Moore 
1984).  

Spies and Franklin (1988) suggested that most 
structural changes in forest development would 
either be S-shaped or U-shaped. That is, 
structural attributes should either increase (S-
shaped) with stand age or be greater in young and 
old stands (U-shaped) than in intermediate aged 
stands. Their study considered forest structure 
variables, such as deadwood materials and live 
tree characteristics, and general measures of 
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biodiversity, such as plant and animal diversity 
indices. However, the patterns they suggest may 
be extended to include the abundance of 
individual species. In addition, three other 
patterns may be present: no change, a decrease 
during succession, and a humped-shape, i.e., 
greater in mature stands than in young or old 
stands.  

In previous studies, the ability to discriminate 
among stand ages using understory variables has 
varied. Alaback (1982) identified large composite 
variables, i.e., understory productivity and 
vascular plant biomass, to be good discriminating 
variables of stand age in western hemlock-Sitka 
spruce forests (Tsuga heterophylla /Picea 
sitchensis) of southeast Alaska. Whitney and 
Foster (1988) demonstrated that hobble bush, 
Viburnum alnifolium Marsh., and maple-leaved 
arrowwood, V. acerifolium L., were associated 
with old stands of New England hardwoods. 
Spies (1991) demonstrated that species diversity 
either remained constant or increased slowly with 
stand age in Douglas fir stands in western Oregon 
and Washington. Furthermore, only 15–20% of 
understory species showed a stand age effect. In 
contrast, Hardt (1993) found that both 
compositional and structural understory variables 
discriminated very poorly among different stand 
ages in southern Appalachian hardwood forests. 
In Chapter 3 of this report understory 
characteristics of aspen mixedwood forests were 
shown to discriminate among stand ages. 
Changes in understory with stand age may reflect 
shifts in the abundances of relatively few species 
or turnover among a large number of species. To 
date there has been no study designed specifically 
to look for differences in vegetation types along a 
chronosequence of aspen mixedwood stands. 

In this chapter, we examine changes in relative 
abundance of individual understory species 
within a chronosequence of aspen mixedwood 
stands in Alberta. In particular, we ask: 1) Do 
changes in the understory species composition 
follow a relay or initial floristics pattern? and 2) 
Are their distinct vegetation groups associated 
with stand age? We use a combination of single 
species and multivariate (TWINSPAN and 
principle components analysis) analyses on the 
relative frequencies of low, mid, and upper 
understory strata and canopies within young (20–

30 years), mature (50–65 years) and old (120+ 
years) aspen mixedwood stands in Alberta. 

Methods 

Field 
Methods for sampling of low (<1 m) and tall (1 m 
to subcanopy) understories were described in 
Chapter 3. In this chapter, we have classified the 
understory as follows: lower (<1 m height), mid 
(1–3 m), and upper (3 m to subcanopy) strata. 

Analysis 

Incidence and cover/basal area 

Due to different methods for estimating 
abundance of understory species, we separated 
the univariate analysis into incidence and cover 
for the lower stratum, and incidence and basal 
area for mid and upper strata. Incidence was 
calculated as the proportion of quadrats (N=40) 
in a site with a particular species present. Cover 
was the percent cover of a species within a 
quadrat containing at least one individual of that 
particular species. Basal area was calculated 
similarly to cover. We used basal area for the mid 
and upper strata because attempts to visually 
estimate aboveground cover were unreliable.  

Incidence and cover/basal area for each species 
were tested for differences among stand ages 
using a nested ANOVA (Sokal and Rohlf 1981). 
Stands were treated as replicates with sites nested 
within stands. We used a log(x+1) transformation 
to normalize species distributions (Sokal and 
Rohlf 1981), although the distributions of many 
species with low incidence remained nonnormal. 
We opted to retain an ANOVA because of the 
nested experimental design. Tukey's multiple 
comparisons test was used to assign post hoc 
differences among stand ages (Neter et al. 1990). 
A 5% significance level was used throughout. 

Vegetation classification and ordination 

Classification and ordination were conducted on 
148 understory and canopy species that were 
present at one or more of the 72 sites. Percent 
cover and basal area for each understory species 
were calculated per site by averaging values from 
the 40 quadrats/site (including quadrats where 
species were absent). Mean basal areas for mid 
and upper strata were analyzed separately. To 
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determine the influence of canopy openness on 
understory composition and abundance, canopy 
cover was calculated by multiplying the mean 
canopy openness by the stem density of each 
canopy species at each site (Chapter 3).  

Classification and ordination of sites into 
vegetation groups were completed using 
TWINSPAN, a polythetic division classification 
system (Hill 1979), and principal components 
analysis (PCA), an ordination technique 
(CANOCO version 3.11; ter Braak 1987–1992). 
We chose TWINSPAN over Braun-Blauquet 
classification because of the large number of 
species. Also, it is a more objective method 
(Mucina and van der Maarel 1989, but see van 
Groenewoud 1992). TWINSPAN begins with all 
sites in a single group and splits them into two 
groups, or noda. This dichotomous division 
procedure continues for each nodum, producing a 
sequence of 4, 8, 16... noda at each subsequent 
division level. Abundances are treated as 
pseudospecies and, in our analysis, cut levels for 
pseudospecies were set at 0, 5, 10, and 20% and 
weighted 1, 3, 3, and 3 respectively. These 
parameters reduced the effect of rare species. 

Principal components analysis (PCA) was used to 
ordinate sites along axes on the basis of lower 
understory composition and abundance data. We 
chose PCA over detrended correspondence 
analysis because preliminary analysis suggested 
that our data had short gradient lengths (Gauch 
1982). We used species-centered PCA (Prentice 
1980) because this procedure reduces the 
influence of rare species (ter Braak 1987). 

An initial classification of vegetation groups was 
achieved using TWINSPAN. To determine which 
nodums of the TWINSPAN classification 
represented distinct groups, we plotted the 14 
groups produced from TWINSPAN on the PCA 
diagram. Groups from TWINSPAN were then 
evaluated on their separation from other groups 
on the PCA diagram. A bottom up approach was 
used to determine the smallest distinctive group. 
Initially, hypothetical groups were drawn from 
fourth level divisions. We then used an 
interactive process of combining, plotting, and 
evaluating groups to move up the TWINSPAN 
dendrogram. The final subjective classification 

was based on the degree of segregation within the 
ordination plot. 

Results  

Incidence and Cover/Basal Area 
Approximately half the species incidences 
differed among stand ages (P<0.05; Tables 5.1, 
5.2). Of the 66 lower, mid, and upper strata 
species that differed among stand ages, 10 
species were absent in young stands (15.2%) and 
four species were absent in old stands (6.1%). Of 
the 10 species absent from young, four were 
lower stratum, while six were mid and upper 
strata (Table 5.1 and 5.2). All four species that 
were absent in old stands were lower stratum 
(Table 5.1). 
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TABLE 5.1. Mean percent incidence and percent cover ( S.E.M.) of lower stratum species by stand age. Superscripts 
denote statistical differences as tested by nested ANOVA and Tukey's multiple comparisons at a significance level of 
0.05. Symbols: –=decreasing with stand age, +=increasing with stand age, =greater in mature, and =greater in 
young and old, and n/c=no change.  

 Incidence Cover   

Common Name Young Mature Old Young Mature Old Incidence Cover 

Common yarrow 6.6 1.1
a

 1.4 0.8
b

 1.0 0.5
b

 4.9 2.0
a

 2.5 0.9
b

 2.7 0.2
b

 – – 

Saskatoon 14.8 5.4
a

 1.9 0.4
b

 2.8 1.1
b

 15.5 2.1
a

 15.3 4.4
a

 13.8 3.8
a

 – n/c 

Hairy wild rye 16.2 5.2
a

 20.3 9.9
a

 7.1 3.9
b

 3.8 0.7
a

 4.3 0.5
a

 4.1 0.7
a

 – n/c 

Fireweed 56.8 7.9
a

 29.5 9.1
b

 32.4 9.4
b

 15.9 1.6
a

 10.3 1.0
b

 13.4 2.5
b

 – – 

Twining honeysuckle  8.9 1.7
a

 5.6 0.9
a,b

 4.6 1.9
b

 12.4 0.8
a

 8.9 1.2
a,b

 7.0 2.3
b

 – – 

Petasites vitifolius  0.7 0.4
a

 0 0
b

 0 0
b

 7.1 0.3
a

 0 0
b

 0 0
b

 – – 

Willow  4.7 2.1
a

 1.7 0.5
b

 0.4 0.3
b

 17.1 1.6
a

 14.1 4.0
b

 3.9 0.8
b

 – – 

False melic  6.8 1.6
a

  2.0 1.1
b

 1.6 0.8
b

 2.4 1.0
a

 1.8 0.7
b

 2.3 1.2
b

 – – 

Snowberry 36.9 9.1
a

 5.5 1.7
b

 3.8 2.2
b

 10.3 0.9
a

  12.1 4.8
b

 9.6 1.8
b

 – – 

Common dandelion  0.9 0.6
a

 0.2 0.1
b

 0 0
b

 8.9 2.8
a

 1.8 0.5
b

 0 0
b

 – – 

Veiny meadow rue  6.9 2.9
a

 0 0
b

  0.1 0.1
b

 7.1 1.8
a

 0 0
b

 0.5 0
b

 – – 

Wild vetch 27.4 2.2
a

 7.8 2.5
b

 7.5 4.6
b

  5.4 0.7
a

 5.8 1.5
a

 5.4 0.9
a

 – n/c 

Tall larkspur  0.8 0.7
a

 0.1 0.1
b

 0 0
b

 16.8 2.2
a

 10 0
b

 0 0
b

 – – 

Pea vine 33.9 7.0
a

 41.7 9.2
a

 23.1 7.2
b

 8.9 2.2
a,b

  9.2 0.6
a

 6.3 0.7
b

 –  

Lindley's aster 26.8 3.3
a

 22.3 4.0
a

 15.1 3.4
b

 6.2 1.0
a

  4.8 0.3
a

 4.2 0.4
a

 – n/c 

Sedge 4.9 3.1
a

 0.9 0.4
b

 0.2  0.2
b

 3.9 1.0
a

 9.1 4.6
a

 2.5 0
a

 – n/c 

Dogwood 10.1  2.6
a

 4.2 1.5
b

 4.1 1.1
b

 19.6 1.4
a

 17.0 2.8
a

 12.2 0.9
a

 – n/c 

Common horsetail 13.8 3.9
a

 2.3 0.6
b

 7.2 2.4
b

 3.4 0.8
a

 6.3 2.2
a

 5.7 1.4
a

 – n/c 

Northern bedstraw 47.8 4.3
a

 33.5 6.7
b

 23.4 6.3
c

 3.9 0.7
a

 4.7 0.4
a

 3.3 0.3
a

 – n/c 

Palmate-leaved coltsfoot 45.6 4.9
a

 32.2 7.9
b

 29.2 6.3
b

 9.5 0.7
a

 10.3 0.5
a

 9.6 0.5
a

 – n/c 

Prickly rose 66.8 1.2
a

 56.4 4.6
b

 52.3 6.1
b

 18.7 2.1
a

 18.9 1.0
a

 19.1 2.9
a

 – n/c 

Ground cedar 0.2 0.1
a

 0 0
a

 0 0
a

 3.8 0.9
a

 0 0
b

 0 0
b

 – n/c 

Green alder 0.4 0.3
c

 4.3 1.6
b

 11.7 2.5
a

 20.0 3.5
a

 19.5 3.2
a

 20.9 2.3
a

 + n/c 

Low-bush cranberry 36.4 4.3
c

 44.5 5.2
b

 53.3 5.0
a

 22.9 2.0
a

 16.8 0.6
b

 15.8 1.6
b

 + – 

Wild sarsaparilla 15.5 6.7
b

 68.2 7.8
a

 66.8 7.7
a

 20.3 2.6
b

 28.3 1.1
a

 24.8 2.0
a

 + + 

Common Labrador tea 0 0
b

 0.3 0.2
a,b

  0.9 0.6
a

 0 0
b

 6.4 1.0
b

 9.2 1.2
a

 + + 

Stiff club-moss 0 0
b

 0.7 0.5
b

  4.6 2.3
a

 0 0
b

 4.2 0.7
b

 7.9 2.0
a

 + + 

Bishop's-cap  7.8 3.3
c

 36.8 6.4
b

 53.0 2.3
a

  2.0 0.4
b

  3.6 0.5
a

 3.7 0.4
a

 + + 

Sweet Cicely 0 0
b

  0.1 0.1
b

  0.7 0.3
a

 0 0
b

 1.0 0
b

 6.9 2.0
a

 + + 

Aspen 1.2 0.8
c

 2.9 0.8
b

 8.7 2.4
a

 11.0 3.9
a

 8.0 2.0
b

 11.8 2.2
a

 +   

Ribes oxyacanthiodes 6.7 3.3
b

 10.7 5.8
a,b

 12.1 2.7
a

 9.9 2.3
b

 13.1 2.2
b

 15.5 1.9
a

 + + 

Wild red currant 5.4 2.0
c

 15.0 4.9
b

 32.2 4.8
a

 11.1 1.3
a

 13.3 2.1
a

 11.3 0.8
a

 + n/c 

Star-flower 0.6 0.4
b

 15.9 4.6
a

 18.2 3.4
a

 2.7 1.2
b

 4.4 0.4
a

 2.7 0.2
b

 +   

Bunchberry 25.8 7.6
b

 63.2 0.8
a

 52.2 4.6
a

 7.7 1.1
a

 8.9 0.6
a

 7.3 0.3
a

 + n/c 

Sweet-scented bedstraw 2.7 1.4
b

 4.8 1.2
a,b

 5.8 1.4
a

 5.8 3.1
a

 4.1 0.7
a

 3.7 0.4
a

 + n/c 

Bracted honeysuckle 12.7 2.0
b

 10.6 1.4
b

 19.4 4.3
a

 18.8 2.3
a

 14.7 1.9
a

 21.7 2.1
a

 + n/c 

Wild red raspberry 13.8 4.8
b

 14.6 2.6
b

 29.1 1.8
a

 16.6 1.4
a

 14.5 0.9
a

 16.3 1.6
a

 + n/c 

Dwarf raspberry 17.9 3.1
b

 27.7 3.1
a

 29.2 3.3
a

 6.6 0.4
a

 7.1 0.1
a

 6.8 0.3
a

 + n/c 

Marsh reed grass 66.0 9.2
a

 51.8 1.9
b

 73.3 4.2
a

 5.4 0.5
b

 4.8 0.5
b

 7.6 0.8
a

  + 

Showy aster 12.0 5.6
a

 4.6 1.3
b

 5.7 0.8
a,b

 15.8 3.0
a

 17.2 2.0
a

 12.8 1.9
a

  n/c 

Ribes hirtellum 0.2 0.2
a,b

 0 0
b

 0.9 0.7
a

 27.5 0
b

 0 0
b

 13.8 1.7
a

  + 

Fairy-bells 0.5 0.3
b

 3.8 1.3
a

 2.6 1.5
a,b

 4.5 0.6
b

 8.9 2.4
a

 17.4 7.7
a

  + 

Twin-flower 19.1 7.3
b

 50.3 12.4
a

 27.5 6.8
b

 9.1 2.0
b

 11.1 0.9
a

 4.7 0.1
b
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TABLE 5.1 (continued). Mean percent incidence and percent cover ( S.E.M.) of lower stratum species by stand age. 
Superscripts denote statistical differences as tested by nested ANOVA and Tukey's multiple comparisons at a 
significance level of 0.05. Symbols: –=decreasing with stand age, +=increasing with stand age, =greater in mature, 
and =greater in young and old.  

 Incidence Cover   

Common Name Young Mature Old Young Mature Old Incidence Cover 

White spruce 0.2 0.2
b

 1.3 0.2
a

 0.4 0.2
b

 11.3 0
a

 8.3 2.1
b

 13.5 6.2
a,b

   

False Solomon's-seal 0 0
b

 0.3 0.2
a

 0 0
b

 0 0
b

 10.0 3.5
a

 0 0
b

   

Wild lily-of-the-valley 33.2 12.3
b

 44.4 9.5
a

 29.6 2.7
b

 5.9 1.2
a

 4.9 0.9
a

 3.5 0.3
a

  n/c 

Bristly black currant 0.4 0.2
b

 3.3 2.2
a

 1.9 1.0
a,b

 10.4 2.2
a

 12.5 2.2
a

 13.6 0.6
a

  n/c 

Purple-stemmed aster 0.3 0.1
a

 0.1 0.1
a

 0 0
a

 4.2 0.7
a

 2.5 0
b

 0 0
b

 n/c – 

Aster species 0.9 0.6
a

 1.4 0.6
a

 0.3 0.2
a

 9.1 1.1
a

 5.3 2.0
a

 5.0 0
b

 n/c – 

Oryzopsis asperfolia 0.6 0.5
a

 0.5 0.1
a

 0 0
a

 6.8 1.2
a

 5.3 3.4
a

 0 0
b

 n/c – 

Arrow-leaved coltsfoot 0.4 0.2
a

 0.1 0.1
a

 0 0
a

 5.6 1.3
a

 15.0 0
b

 0 0
b

 n/c – 

Canadian buffalo-berry 0.6 0.5
a

 0.3 0.3
a

 0.1 0.1
a

 35.3 3.4
a

 18.3 0
b

 80.0 0
b

 n/c – 

Solidago gigantea 0.7 0.4
a

 0.1 0.1
a

 0 0
a

 11.5 3.4
a

 10.0 0
b

 0 0
b

 n/c – 

Narrow spinulose shield fern 0 0
a

 0.2 0.2
a

 0.5 0.3
a

 0 0
b

 17.5 0
b

 10.6 4.9
a

 n/c + 

Woodland strawberry 0 0
a

 0.3 0.3
a

 0.5 0.3
a

 0 0
b

 7.5 0
b

 9.4 0.5
a

 n/c + 

Oak fern 0 0
a

 0 0
a

 0.2 0.1
a

 0 0
b

 0 0
b

 7.5 1.8
a

 n/c + 

Touch-me-not 0 0
a

 0.1 0.1
a

 0.4 0.2
a

 0 0
b

 2.5 0
b

 9.9 6.6
a

 n/c + 

Northern twayblade 0 0
a

 0.2 0.2
a

 0.21 0.12
a

 0 0
b

 0.5 0
b

 0.8 0.2
a

 n/c + 

Skunk currant 0.1 0.1
a

 0.42 0.17
a

 0.2 0.1
a

 1 0
b

 7.9 1.8
a

 6.3 2.7
a

 n/c + 

Blueberry 1.7 1.7
a

 0.2 0.1
a

 0.5 0.2
a

 10.2 0
b

 17.5 1.8
a

 5.8 3.0
a

 n/c + 

Bog cranberry 0.1 0.1
a

 0.9 0.7
a

 0.2 0.1
a

 15.0 0
b

 4.2 0.7
a

 3.8 0.9
a

 n/c + 

Beaked hazelnut 1.7 1.7
a

 0.1 0.1
a

 0.2 0.1
a

 31.9 0
b

 5.0 0
b

 40.0 17.7
a

 n/c  

Paper birch 0 0
a

 0.6 0.2
a

 0.3 0.2
a

 0 0
b

 11.9 5.1
a

 10.0 0
b

 n/c  

Spotted coral-root 0 0
a

 0.2 0.1
a

 0.1 0.1
a

 0 0
b

 8.8 4.4
a

 2.5 0
b

 n/c  

Star-flowered Solomon's-seal 0.2 0.2
a

 0.3 0.2
a

 0.2 0.1
a

 17.5 0
b

 11.3 2.7
a

 1.8 0.5
a

 n/c  

Canada goldenrod 0.4 0.3
a

 0.2 0.1
a

 0.1 0.1
a

 3.8 2.0
b

 12.5 1.8
a

 10.0 0
b

 n/c  

Bearberry 0.5 0.5
a

 0.1 0.1
a

 0.2 0.2
a

 15.0 0
a

 1.0 0
a

 1.8 0
a

 n/c n/c 

Red and white baneberry 3.8 1.3
a

 2.0 0.4
a

 3.7 0.4
a

 9.5 1.2
a

 7.9 1.9
a

 8.0 0.4
a

 n/c n/c 

Spreading dogbane 0.5 0.5
a

 0 0
a

 0 0
a

 15.0 0
a

 0 0
a

 0 0
a

 n/c n/c 

Blue columbine 0.1 0.1
a

 0 0
a

 0 0
a

 2.5 0
a

 0 0
a

 0 0
a

 n/c n/c 

Botrychium dusenii 0.1 0.1
a

 0 0
a

 0 0
a

 0.5 0
a

 0 0
a

 0 0
a

 n/c n/c 

Moonwort 0.2 0.1
a

 0 0
a

 0 0
a

 0.5 0
a

 0 0
a

 0 0
a

 n/c n/c 

Marsh marigold 0 0
a

 0 0
a

 0.1 0.1
a

 0 0
a

 0 0
a

 5.0 0
a

 n/c n/c 

Common red paint-brush 0.1 0.1
a

 0 0
a

 0 0
a

 25.0 0
a

 0 0
a

 0 0
a

 n/c n/c 

Chrysosplenium tetrandrum 0 0
a

 0 0
a

 0.1 0.1
a

 0 0
a

 0 0
a

 5.0 0
a

 n/c n/c 

Enchanter's nightshade 0.2 0.1
a

 0.7 0.4
a

 1.5 0.7
a

 2.8 1.6
a

 2.4 0.1
a

 8.1 4.1
a

 n/c n/c 

Bastard toad-flax 0.3 0.3
a

 0 0
a

 0 0
a

 20.0 0
a

 0 0
a

 0 0
a

 n/c n/c 

Equisetum fluviatile 0.2 0.1
a

 0.1 0.1
a

 0.2 0.1
a

 2.5 0
a

 2.5 0
a

 1.5 0.7
a

 n/c n/c 

Equisetum pratense 1.7 1.3
a

 1.3 0.4
a

 0.1 0.1
a

 2.5 0
a

 5.9 3.0
a

 2.5 0
a

 n/c n/c 

Woodland horsetail 2.5 0.9
a

 2.9 0.9
a

 4.1 1.4
a

 3.5 1.0
a

 7.2 1.4
a

 6.3 1.3
a

 n/c n/c 

Wild strawberry 26.2 3.1
a

 33.2 7.5
a

 25.6 6.2
a

 7.1 0.9
a

 7.3 0.2
a

 6.2 0.7
a

 n/c n/c 

Geum aleppicum 0 0
a

 0 0
a

 0.1 0.1
a

 0 0
a

 0 0
a

 45.0 0
a

 n/c n/c 

Geum macrophyllum 0 0
a

 0.2 0.1
a

 0 0
a

 0 0
a

 10.5 6.7
a

 0 0
a

 n/c n/c 

Western wood lily 0.4 0.4
a

 0 0
a

 0 0
a

 7.5 0
a

 0 0
a

 0 0
a

 n/c n/c 

Ground pine 0 0
a

 0.2 0.2
a

 0 0
a

 0 0
a

 10.0 0
a

 0 0
a

 n/c n/c 

Tall mertensia 14.7 3.0
a

 14.3 1.4
a

 10.2 1.3
a

 6.1 0.9
a

 6.4 0.8
a

 7.7 0.8
a

 n/c n/c 
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TABLE 5.1 (continued). Mean percent incidence and percent cover ( S.E.M.) of lower stratum species by stand age. 
Superscripts denote statistical differences as tested by nested ANOVA and Tukey's multiple comparisons at a 
significance level of 0.05. Symbols: –=decreasing with stand age, +=increasing with stand age, =greater in mature, 
and =greater in young and old.  

 Incidence Cover   

Common Name Young Mature Old Young Mature Old Incidence Cover 

Moehringia lateriflora 2.3 0.4
a

 2.1 1.8
a

 2.6 2.1
a

 2.1 0.8
a

 3.1 1.1
a

 1.4 0.4
a

 n/c n/c 

One-flowered wintergreen 0 0
a

 0.5 0.5
a

 0.1 0.1
a

 0 0
a

 2.4 0
a

 1.0 0
a

 n/c n/c 

One-sided wintergreen 0.8 0.5
a

 1.7 0.5
a

 1.4 0.3
a

 6.3 1.7
a

 3.3 0.8
a

 2.5 1.3
a

 n/c n/c 

Oryzopsis pungens 0.1 0.1
a

 0 0
a

 0 0
a

 1.0 0
a

 0 0
a

 0 0
a

 n/c n/c 

Balsam poplar 1.0 0.2
a

 1.2 0.4
a

 2.3 0.6
a

 9.3 2.6
a

 5.3 1.2
a

 10.3 2.3
a

 n/c n/c 

Pin cherry 0.1 0.1
a

 0.1 0.1
a

 0 0
a

 0.5 0
a

 25.0 0
a

 0 0
a

 n/c n/c 

Choke cherry 0.1 0.1
a

 0.4 0.4
a

 0.2 0.2
a

 5.0 0
a

 15.0 0
a

 32.5 0
a

 n/c n/c 

Common pink wintergreen  15.7 5.9
a

 14.8 1.6
a

 16.4 3.4
a

 4.1 1.4
a

 3.9 0.4
a

 3.3 0.3
a

 n/c n/c 

Greenish-flowered 

wintergreen 

1.2 0.7
a

 1.7 1.7
a

 0.3 0.1
a

 2.6 0
a

 3.0 0
a

 1.3 0.5
a

 n/c n/c 

Dewberry 27.1 7.6
a

 29.4 4.7
a

 34.4 2.4
a

 10.5 0.9
a

 11.1 0.4
a

 11.0 0.5
a

 n/c n/c 

Skullcap 0 0
a

 0.3 0.3
a

 0 0
a

 0 0
a

 10.0 0
a

 0 0
a

 n/c n/c 

Long-leaved chickweed 0.2 0.1
a

 0.1 0.1
a

 0 0
a

 0.5 0
a

 10.0 0
a

 0 0
a

 n/c n/c 

Common nettle 0 0
a

 0.1 0.1
a

 0.1 0.1
a

 0 0
a

 70.0 0
a

 5.0 0
a

 n/c n/c 

Dwarf bilberry 0.1 0.1
a

 0 0
a

 0 0
a

 5.0 0
a

 0 0
a

 0 0
a

 n/c n/c 

Early blue violet 0.6 0.2
a

 2.3 0.9
a

 0.7 0.2
a

 1.6 0.8
a

 5.5 2.6
a

 3 2.3
a

 n/c n/c 

Western Canada violet 7.0 2.6
a

 5.9 2.3
a

 3.3 0.9
a

 7.8 0.7
a

 9.2 1.7
a

 9.1 1.8
a

 n/c n/c 

Bog violet 0.2 0.1
a

 1.5 1.1
a

 0.4 0.2
a

 3.8 0.9
a

 3.0 0.3
a

 4.4 1.3
a

 n/c n/c 

Kidney-leaved violet 4.5 0.4
a

 5.4 1.0
a

 5.2 2.1
a

 2.6 0.3
a

 2.0 0.2
a

 1.8 0.4
a

 n/c n/c 

Great-spurred violet 0 0
a

 0.6 0.4
a

 0.3 0.2
a

 0 0
a

 2.0 0.4
a

 1.8 0.5
a

 n/c n/c 
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TABLE 5.2. Incidence and basal area of mid and upper strata species by stand (# stems/5 m ± S.E.M.). Superscripts 
denote statistical differences as tested by nested ANOVA and Tukey's multiple comparisons at a significance level of 
0.05. Symbols: –=decreasing with stand age, +=increasing with stand age, =greater in mature, =greater in 
young and old, and n/c=no change. 

 Incidence Basal area Incidence Basal area 

 Young Mature Old Young Mature Old change change 

         

Mid stratum         

Saskatoon 22.9±7.8
a

 4.2±1.2
b

 8.5±3.8
b

 1.5±0.4
a

 0.6±0.2
a

 1.1±0.5
a

 – n/c 

Willow 10.6±4.0
a

 4.0±2.6
b

 4.2±1.2
b

 4.8±1.6
a

 4.8±1.6
a

 3.1±0.7
a

 – n/c 

Green alder 0±0
c

 12.3±6.4
b

 29.6±11.8
a

 0±0
c

 2.3±0.9
b

 6.6±1.0
a

 + + 

River alder 0±0
b

 1.0±0.4
a

 4.8±1.6
a

 0±0
a

 2.9±1.7
a

 5.7±2.3
a

 + n/c 

Bracted honeysuckle 2.1±0.8
b

 0.2±0.2
b

 7.9±2.6
a

 0.4±0.1
b

 0.05±0.05
b

 0.9±0.3
a

 + + 

Balsam poplar 2.3±0.6
b

 4.8±0.8
b

 9.8±2.0
a

 13.6±7.0
a

 0.8±0.1
b

 1.5±0.3
b

 + – 

Aspen 0.8±0.6
c

 9.4±3.9
b

 33.1±9.3
a

 18.1±16.6
a

 2.2±1.4
a

 1.6±0.3
a

 + n/c 

Ribes oxyacanthoides 0±0
b

 2.1±1.8
b

 6.0±2.5
a

 0±0
b

 0.1±0.1
b

 0.3±0.2
a

 + + 

Wild red raspberry 0.6±0.4
b

 1.0±0.8
a,b

 3.1±1.2
a

 0.1±0.1
b

 0.1±0.1
a,b

 0.4±0.1
a

 + + 

Paper birch 0.4±0.4
b

 4.0±1.8
a

 2.7±1.0
a

 0.2±0.2
a

 4.6±4.0
a

 0.7±0.4
a

 + n/c 

Pin cherry 0±0
b

 0±0
b

 0.6±0.4
a

 0±0
a

 0±0
a

 1.7±1.0
a

 + n/c 

Low-bush cranberry 21.7±6.3
a

 10.8±4.1
b

 12.9±3.5
a,b

 0.6±0.1
a

 0.3±0.1
b

 0.4±0.1
b

  – 

Dogwood 2.1±0.2
a

 0.4±0.2
a

 0.6±0.4
a

 1.1±0.4
a

 0.1±0.1
b

 0.1±0.1
b

 n/c – 

Buckbrush 0.2±0.2
a

 0±0
a

 0±0
a

 0.2±0.2
a

 0±0
a

 0±0
a
  n/c – 

White spruce 0.2±0.2
a

 1.5±0.2
a

 0.8±0.8
a

 0.7±0.7
b

 6.0±1.6
a

 1.2±1.2
a,b

 n/c  

Beaked hazelnut 3.1±2.4
a

 1.7±1.1
a

 0±0
a

 0.6±0.4
a

 1.5±0.7
a

 0±0
a

 n/c n/c 

Twining honeysuckle 3.1±1.1
a

 1.0±0.4
a

 2.1±0.7
a

 0.2±0.1
a

 0.2±0.1
a

 0.2±0.1
a

 n/c n/c 

Choke cherry 1.0±1.0
a

 1.0±0.8
a

 0.4±0.4
a

 0.2±0.2
a

 0.6±0.4
a

 0.2±0.2
a

 n/c n/c 

Prickly rose 26.9±9.1
a

 28.3±10.6
a

 31.3±10.6
a

 0.7±0.2
a

 0.7±0.2
a

 0.9±0.2
a

 n/c n/c 

Canadian buffalo-berry 0.4±0.2
a

 0±0
a

 0.2±0.2
a

 0.5±0.5
a

 0±0
a

 0.3±0.3
a

 n/c n/c 

         

Upper stratum         

Saskatoon 2.9±1.7
a

 0.6±0.6
b

 1.0±0.5
b

 1.3±0.7
a

 1.2±1.2
a

 2.5±1.0
a

 – n/c 

Willow 21.7±7.6
a

 3.3±0.9
b

 4.0±2.0
b

 30.3±5.8
a

 41.9±7.4
a

 86.8±20.7
a

 – n/c 

Green alder 0±0
c

 7.3±4.3
b

 23.5±9.3
a

 0±0
b

 6.1±2.7
b

 31.8±10.2
a

 + + 

River alder 0±0
b

 0.4±0.2
b

 6.0±3.0
a

 0±0
b

 26.3±23.6
b

 45.4±17.2
a

 + + 

Paper birch 0.6±0.6
b

 2.1±2.1
a,b

 4.0±1.0
a

 2.6±2.6
b

 15.7±15.7
a,b

 212.2±52.7
a

 + + 

Balsam poplar 24.4±8.1
a

 0.8±0.3
c

 9.4±2.9
b

 49.0±10.0
b

 72.5±47.2
a,b

 100.3±34.1
a

  + 

Aspen 49.0±6.5
a

 7.9±1.6
c

 25.0±5.3
b

 43.6±3.5
b

 113.0±6.0
a

 102.7±25.2
a,b

  + 

Twining honeysuckle 0.4±0.2
a

 0±0
a

 0.4±0.4
a

 0.3±0.3
a

 0±0
a

 0.2±0.2
a

 n/c + 

White spruce 0±0
a

 2.5±1.2
a

 1.9±0.2
a

 0±0
b

 100.4±48.6
a,b

 190.3±80.9
a

 n/c + 

Balsam fir 0±0
a

 0±0
a

 0.4±0.2
a

 0±0
a

 0±0
a

 4.5±2.8
a

 n/c n/c 

Black spruce 0±0
a

 0.2±0.2
a

 0±0
a

 0±0
a

 32.7±32.7
a

 0±0
a

 n/c n/c 

Pin cherry 0±0
a

 0±0
a

 0.8±0.6
a

 0±0
a

 0±0
a

 19.4±16.2
a

 n/c n/c 

Choke cherry 0.8±0.8
a

 0.4±0.2
a

 0±0
a

 0.9±0.9
a

 19.2±16.4
a

 0±0
a

 n/c n/c 

Prickly rose 0.4±0.2
a

 0.2±0.2
a

 0.2±0.2
a

 0.2±0.1
a

 0.8±0.8
a

 0.3±0.3
a

 n/c n/c 

Low-bush cranberry 0.4±0.2
a

 0±0
a

 0±0
a

 0.4±0.3
a

 0±0
a

 0±0
a

 n/c n/c 
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The most common change for all strata was either 
an increase or decrease in species incidence with 
stand age. Mid stratum had the highest 
percentage (60%) of species that differed 
between at least one pair of stand ages while 
lower (49.8%) and upper (46.7%) strata had 
similar percentages (Table 5.3). Within lower and 
upper strata, similar numbers of species increased 
or decreased during succession (Table 5.3). 
However, most mid stratum species increased in 
incidence with stand age. No mid or upper 
stratum species had their greatest incidence in 
mature stands (Table 5.3). U-shaped distributions 
among species incidences were relatively 
uncommon (Table 5.3). Species that had 
differences among stand ages had a greater mean 
total incidence than species not exhibiting 
differences among ages (16.1±0.4 S.E.M. and 
1.93±0.03, respectively; ANOVA, P<0.05). 

Changes in species incidence with stand age were 
most commonly accompanied by no change in 
cover or basal area (47.7% and 44.4%, 
respectively; Tables 5.1 and 5.2). Quadrats 
retained similar cover of a species despite 
changes in incidence at the site level. The second 
most common pattern was parallel changes 
between incidence and cover or basal area 
(40.4% and 33.3%, respectively) while the least 
common pattern was for incidence and cover or 
basal area to differ (15.9% and 22.2%, 
respectively). As an example, lower stratum low-
bush cranberry cover decreased while increasing 
in incidence with stand age (Table 5.1). 

Vegetation Classification and Ordination 
Six distinct groups and a single inconclusive 
group were produced from TWINSPAN and PCA 
analyses. All vegetation groups, except group 
three, were split at third level divisions. Group 
three was split at the second level from groups 
one and two (Figure 5.1). Physiognomic 
descriptions of groups were based on the pooled 
relative frequencies of species within each group 
(Table 5.4). Physiognomic profiles for each 
group were described by their full association 
names (Mueller-Dombois and Ellenberg 1974) 
and ordered by dominant (>15%) canopy, upper 
and mid strata species and dominant (>10%) 
lower stratum species. Each stratum was 

separated by a solidus (/). Numbers of young, 
mature and old sites follow. 

(1) Aspen/aspen-willow-balsam poplar/willow-
balsam poplar/rose - twelve young sites. 

(2) Aspen/aspen-balsam poplar/Saskatoon-low 
bush cranberry-balsam poplar/rose-low bush 
cranberry-fireweed - five young sites. 

(3) Aspen/aspen-willow/Saskatoon -willow-
aspen/rose-fireweed - five young, three mature, 
and two old sites. - inconclusive. 

(4) Aspen/aspen-paper birch/rose-beaked 
hazelnut/wild sarsaparilla-rose - two young and 
seven mature sites. 

(5) Aspen/aspen-river alder/aspen-green alder-
river alder/wild sarsaparilla-rose-low bush 
cranberry - four mature and ten old sites. 

(6) Aspen/aspen-green alder-paper birch/green 
alder/wild sarsaparilla - three mature and twelve 
old sites. 

(7) Aspen/green alder/green alder/wild 
sarsaparilla-twin-flower-rose - seven mature sites. 
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TABLE 5.3. Percentages of changes in species incidence for lower (<1 m), mid (1–3 m) and upper (3 m to subcanopy) 
height strata within a chronosequence of aspen mixedwood stands. Number of species is given in brackets. 

 Strata 

Pattern Lower Mid Upper  

Increasing with age 15.2 (16

) 

45.0 (9) 20.0 (3) 

Decreasing with age 21.0 (22

) 

10.0 (2) 13.3 (2) 

Greater in young and 

old 

2.9 (3) 5.0 (1) 13.3 (2) 

Greater in mature 5.7 (6) 0.0 (0) 0.0 (0) 

No change 55.2 (58

) 

40.0 (8) 53.3 (8) 
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FIGURE 5.1. TWINSPAN dendrogram of sites from three ages of aspen mixedwood stands. Bold numbers represent 
vegetation groups as identified from TWINSPAN and PCA. Y=young (20–30 years), M=mature (50–65 years), and 
O=old (120+ years). LS=lower stratum (<1 m), MS=mid stratum (1–3 m), US=upper stratum (3 m to subcanopy), 
and C=canopy. Eigenvalues are listed below divisions. Species names are as follows: AlCr=Green alder, 
RoAc=Prickly rose, ArNu=Wild sarsaparilla, RiOx=Wild gooseberry, AlTe=River alder, CoSt=Dogwood, 
CoCa=Bunchberry, LaOc=Pea vine, AcRu=Baneberry, RuId=Wild red raspberry, BePa=Paper birch, RiTr=Wild red 
currant, LoIn=Bracted honeysuckle, LyAn=Stiff club-moss, PoTr=Aspen, LnBo=Twin-flower, SaSp=Willow, 
AmAl=Saskatoon, ApAn=Spreading dogbane, RiLa=Bristly black currant, ElIn=Hairy wild rye. 
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TABLE 5.4. Canopy composition (canopy cover), basal area (mid and upper strata), and percent cover (lower 
stratum) for each vegetation group derived from TWINSPAN and PCA of sites from a chronosequence of aspen 
mixedwood stands. Species are separated by four height strata; lower=<1 m, mid=1–3 m, upper=3 m to subcanopy, 
and canopy. Values ≥15% for mid, and upper strata, and canopy and ≥10% for the lower stratum are represented in 
boldface type, * represents values <1.0%, and – represents no detection. The number of sites within each vegetation 
group are presented for young, mature, and old stands. 

 Group 

 1 2 3 4 5 6 7 

Young sites 12 5 5 2 – – – 

Mature sites – – 3 7 4 3 7 

Old sites – – 2 – 10 12 – 

        

Canopy        

Balsam poplar 1 – * * * 6 1 

Paper birch – – 2 * 4 8 * 

Aspen 72 66 64 72 65 53 72 

White spruce – – 4 – 2 6 * 

        

Upper stratum        

Balsam fir – – – – – * – 

Balsam poplar 28 24 12 10 9 5 – 

Black spruce – – – – – – 9 

Choke cherry – – * 3 – – * 

Green alder – – – – 8 28 62 

Low-bush cranberry * * – – – – – 

Paper birch – – * 21 10 16 – 

Pin cherry – – – – * * – 

Prickly rose * * – 1 * – – 

River alder – – 1 – 16 4 – 

Saskatoon – * * * * * – 

Aspen 43 68 47 61 45 39 4 

Twining honeysuckle * – * – * – – 

White spruce – – 8 * 1 1 5 

Willow 30 7 21 4 10 6 * 

        

Mid stratum        

Balsam poplar 16 15 * 9 5 2 * 

Beaked hazelnut – 9 – 18 * * – 

Bracted honeysuckle 5 * * * 3 * * 

Canadian buffalo-berry * – * – – – – 

Choke cherry – * * * – * 3 

Green alder – – – * 21 84 69 

Low-bush cranberry 10 30 * 9 4 * 1 

Paper birch – – * 6 5 * * 

Pin cherry – – – – * * – 

Prickly rose 2 14 6 34 12 * 2 
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TABLE 5.4 (continued). Percent cover (lower stratum), basal area (mid and upper strata), and canopy (canopy cover) 
composition for each vegetation group derived from TWINSPAN and principle components analysis (PCA) of sites 
from a chronosequence of aspen mixedwood stands.  

 Group 

 1 2 3 4 5 6 7 

Dogwood 3 * – * * * – 

Wild red raspberry * * – * * * – 

River alder – – 6 * 17 3 – 

Saskatoon 4 30 41 4 4 * * 

Snowberry * – – – – – – 

Aspen 2 – 15 4 21 6 3 

Twining honeysuckle * * * * * * – 

White spruce – – * 5 * * 4 

Ribes oxyacanthoides – – * 1 3 * – 

Willow 56 * 27 7 2 * 7 

        

Lower understory        

Arrow-leaved coltsfoot * – – – – – * 

Aster spp. * – * * * * – 

Balsam poplar * * * * * * * 

Baneberry * * * * * * * 

Bastard toad-flax – – * – – – – 

Beaked hazelnut – – – 1 * * * 

Bearberry – – * – – – – 

Bishop's-cap * * * 1 2 2 1 

Blue columbine * – – – – – – 

Tall mertensia 1 * * * * * * 

Blueberry – – * – – * – 

Bog cranberry – – * – * * * 

Bog violet * – * – * * – 

Botrichium dusenii * – – – – – – 

Bracted honeysuckle 3 2 1 2 6 2 2 

Bristly black currant * – * * * * * 

Bunchberry  1 1 6 5 4 4 6 

Canada goldenrod * – * * – * * 

Canadian buffalo-berry * * * * – – – 

Choke cherry – – * * – * – 

Chrysosplenium tetrandrum – – – – – * – 

Common dandelion * * * * * – – 

Common horsetail * * * * * * * 

Common nettle – – – * * – – 

Common pink wintergreen * * 2 * * * * 

Common red paint-brush – * – – – – – 

Common yarrow * * * * * * * 

Dewberry 2 5 3 3 4 4 4 

Dogwood 3 3 * * 1 * * 

Dwarf bilberry – – * – – – – 
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TABLE 5.4 (continued). Percent cover (lower stratum), basal area (mid and upper strata), and canopy (canopy cover) 
composition for each vegetation group derived from TWINSPAN and principle components analysis (PCA) of sites 
from a chronosequence of aspen mixedwood stands.  

 Group 

 1 2 3 4 5 6 7 

Dwarf raspberry 1 * 2 2 2 2 2 

Early blue violet * * * * * * * 

Enchanter's nightshade – * * – * * – 

Equisetum fluviatile * – * – * * * 

Equisetum pratense * * * * * * * 

Woodland horsetail * * * * * * * 

Fairy-bells – * – * * * * 

False melic * * * * * * * 

False Solomon's-seal – – – – * – * 

Fireweed 9 10 10 3 6 2 3 

Geum aleppicum – – – – – * – 

Geum macrophyllum – – – * – – * 

Great-spurred violet – – – – * * * 

Green alder – * – * 1 3 2 

Greenish-flowered wintergreen * * * * * * – 

Ground cedar – * * – – – – 

Ground pine – – – – – * * 

Hairy wild rye * * 2 * * * * 

Kidney-leaved violet * * * * * * * 

Labrador tea – – * * * * – 

Lindley's aster 2 2 1 1 * * * 

Long-leaved chickweed * – – * – – – 

Low-bush cranberry 7 13 4 9 10 7 9 

Marsh marigold – – – – – * – 

Marsh reed grass 5 2 3 2 4 6 4 

Moehringia lateriflora * * * * * * – 

Moonwort * – * – – – – 

Narrow spinulose shield fern – – – * * * – 

Northern bedstraw 1 2 2 2 1 * * 

Northern twayblade – – – – * * – 

Oak fern – – – – * * – 

One-flowered wintergreen – – – * * – – 

One-sided wintergreen * – * * * * * 

Oryzopsis pungens – * – – – – – 

Palmate-leaved coltsfoot 4 5 4 3 3 2 3 

Paper birch – – * * * * * 

Pea vine 2 2 6 4 3 1 4 

Petasites vitifolius * – – – – – – 

Pin cherry * – – – – – * 

Prickly rose 11 17 11 14 14 7 10 

Purple-stemmed aster * * * – – – – 

Ribes hirtellum * – * – * * – 
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TABLE 5.4 (continued). Percent cover (lower stratum), basal area (mid and upper strata), and canopy (canopy cover) 
composition for each vegetation group derived from TWINSPAN and principle components analysis (PCA) of sites 
from a chronosequence of aspen mixedwood stands.  

 Group 

 1 2 3 4 5 6 7 

Ribes oxyacanthoides * * * 3 3 1 * 

Rice grass – * * * * – * 

Saskatoon * 4 3 1 * * * 

Sedge * * * * * * * 

Showy aster * 6 1 2 * * * 

Skullcap – – – – – – * 

Skunk currant * – * – * * * 

Snowberry 2 7 2 3 * * * 

Solidago gigantea * – – * – – – 

Spotted coral-root   * *  * – 

Spreading dogbane – – – * – – – 

Star-flower * * * * * * * 

Star-flowered Solomon's-seal * – – * * * – 

Stiff club-moss – – * – * * * 

Sweet Cicely – – – – * * * 

Sweet-scented bedstraw * * * * * * * 

Tall larkspur * * * – – – – 

Touch-me-not – – – – * * – 

Aspen * * * * 1 * * 

Twin-flower 1 * 4 2 2 2 11 

Twining honeysuckle 1 * * * * * * 

Veiny meadow rue * * * * – * – 

Western Canada violet * * * * * * * 

Western wood lily – – * – – – – 

White spruce – – * * * * * 

Wild lily-of-the-valley * 3 4 2 1 1 2 

Wild red currant * * * 2 5 2 1 

Wild red raspberry 1 5 2 3 5 4 2 

Wild sarsaparilla * 5 7 18 19 17 25 

Wild strawberry 2 2 3 3 1 1 2 

Wild vetch 1 2 * * * * * 

Willow 1 * * * * * * 

Woodland strawberry – – * * * * – 
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TWINSPAN separated the majority of sites on 
the basis of age with young and old sites clearly 
discriminated (Figure 5.1). With the exception of 
two old sites, all young and old sites were split in 
the first division. Most mature sites were grouped 
with young or old sites. Groups two and three 
were a combination of young and mature sites 
while groups five and six were a combination of 
mature and old sites. Group seven was 
exclusively composed of mature sites. 
Membership of sites in groups exhibited 
relatively little fidelity to the stands. Only three 
(two young and one old) of twelve stands had all 
their sites within a single vegetation group. All 

other stands had sites placed in two or more 
groups. 

Age and vegetation groups were also segregated 
by PCA ordination plots (Figure 5.2). 
Eigenvalues for axes one and two were 0.24 and 
0.09, respectively (Table 5.5). Axis one separated 
young sites from mature and old sites. Axis one 
also separated groups one/two, four, five, and 
six/seven from one another (Figure 5.2). 
Although much weaker, axis two served to 
separate group one from two and group six from 
seven. Vegetation group three was not segregated 
from groups one, two, or three (Figure 5.2). 
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FIGURE 5.2. Ordination of vegetation groups from young (20–30 years), mature (50–65 years), and old (120+ years) 
aspen mixedwood stands according to species composition using principle components analysis (PCA). See text for 
description of vegetation groups. 

 
TABLE 5.5. Summary statistics of principle components analysis (PCA) on species composition of sites. Species 
with the ten greatest positive/negative scores are listed for each axis. Species were categorized into height strata as 
follows: LS=lower stratum, MS=mid stratum, US=upper stratum, and C=canopy. 

Axis 1 (eigenvalue=0.24) Axis 2 (eigenvalue=0.09) 
Variable Strata Score Variable Strata Score 

Green alder MS 0.19 Willow MS  0.22 
Green alder US 0.18 Prickly rose MS  -0.17 
Green alder LS 0.15 Dewberry LS  -0.16 
Wild sarsaparilla LS 0.14 Ribes oxyacanthiodes LS  -0.15 
Bishop's-cap LS 0.14 Wild red raspberry LS  -0.15 
Snowberry LS  -0.14 Showy aster LS  -0.15 
Lindley's aster LS  -0.13 Low-bush cranberry MS  -0.14 
Fireweed LS  -0.12 Prickly rose LS  -0.13 
Willow US  -0.12 Ribes oxyacanthiodes MS  -0.13 
Wild vetch LS  -0.12 Sweet-scented bedstraw LS  -0.12 

Physiognomic profiles, PCA species scores, and 
TWINSPAN indicators identified a number of 

key species for each vegetation grouping. The 
major division between groups occurred between 
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young/mature and mature/old sites. Mid and 
upper strata green alder (Plate 14) and willow 
(Plate 15), lower stratum wild sarsaparilla, and 
willow appeared to be the most important species 
discriminating these two major groups (Figure 
5.1 and Table 5.5). Groups with mature/old sites 
tended to have a greater percent cover/basal area 
of green alder and wild sarsaparilla (Plate 16) 
while groups with young/mature sites had a 
greater basal area of willow (Table 5.4). Among 
groups with young sites (groups one, two, and 
three), mid stratum Saskatoon, and lower stratum 
fireweed, low-bush cranberry, dogwood, and 
bunchberry were the discriminating species. 
Group four, the specialized group of old sites, 
was separated from group five by lower stratum 
wild red currant, mid and upper strata green 
alder, and river alder.  

Mature sites were of two types; those that were 
similar to young sites, i.e., groups two and three, 
and those that were similar to old sites, i.e., 
groups five, six, and seven (Figure 5.1). Groups 
two and three (mature) were separated from 
group one by lower stratum pea vine, bunchberry, 
and dogwood, and mid stratum rose. Groups four, 
five, and six (mature-old) were separated from 
group seven by lower stratum stiff club moss and 
twin-flower, mid stratum Ribes oxyacanthoides, 
and upper stratum river alder and aspen.  

Discussion 

Results from this study suggest that changes in 
species composition and abundance during 
succession in aspen mixedwood forests between 
20 and 120+ years, reflect an initial floristics 
pattern, because species turnovers (introductions/ 
extinctions) were relatively uncommon (only 
15% of all species were absent from young 
stands). Turnovers occurred mostly among 
uncommon species and were independent of 
stand age. Approximately half of the species 
exhibited significant differences among stand 
ages. Of the species that changed, most either 
increased or decreased with stand age. 
Successional changes and patterns were the result 
of changes in the relative frequency of these core 
species. This core group produced the different 
physiognomic profiles that were associated with 
different stand ages and sites. Vegetation groups, 
therefore, were temporary groupings of species 

produced by the shifting relative abundances of 
these core species. 

Overall, U-shaped distributions in species 
abundance were relatively uncommon. This result 
was somewhat surprising because the light 
conditions in young and old stands were 
relatively high compared to mature stands 
(Chapter 3). In young stands, a relatively lower 
and thinner canopy allowed more diffuse light to 
enter the understory while in old stands canopy 
break-up allowed more light through gaps to the 
understory (Rowe 1956). Few understory species, 
however, responded to this light pattern by 
having relatively higher abundances in young 
stands, decreasing in mature stands, and 
increasing again in old stands. Also, few shade 
tolerant species exhibited high abundances in 
mature stands as compared to young and old 
stands. The general lack of U-shaped and hump-
shaped changes with stand age indicates that 
other factors such as the quality of light, past and 
current compositional state of stand, or possibly, 
stand age itself may play a significant role in 
determining the relative abundance of species.  

To better understand the spatial pattern of 
understory vegetation during succession, we 
examined the variability of sites composing the 
vegetation groups. Most stands were composed of 
several vegetation groups. As an example, one 
old stand (O49–O59) had sites grouped with 
young sites (group two), with mature and old 
sites (group five), and exclusively with other old 
sites (group four). This pattern suggests that some 
stands were relatively heterogeneous and may be 
characterized by a number of different understory 
vegetation groups. The pattern of succession 
within stands may be spatially dispersed; that is, 
an entire stand may not uniformly change from 
one seral stage to another; rather, small areas 
within the stand may change at different rates 
than other areas. 

The vegetation groups from this study are 
comparable with the aspen community types 
reported for low (Downing and Karpuk 1992) and 
mid boreal ecoregions (Willoughby and Downing 
1994). Like these studies, all sites in our study 
had high abundances of aspen and rose in the 
understory (Plate 17). Young sites had higher 
incidences of aspen and rose in the lower stratum 
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(Table 5.1) while mature and old sites had higher 
incidences of aspen and rose in the mid stratum 
(Table 5.2). Willoughby and Downing (1994) 
found willow and fireweed formed a significant 
portion of the understory within sites of 10–27 
years. We found fireweed in the lower stratum 
and willow dominating the mid and upper strata 
of group one. However, willow was also 
dominant in group five which was associated 
with mature and old sites. Our classification 
differs slightly from Willoughby and Downing‘s 
(1994) for some mature groups. They found 
bunchberry and wild sarsaparilla forming a 
significant portion of the forb (lower stratum) 
layer. In our study, mature and mature/old 
vegetation groups were dominated by wild 
sarsaparilla (Plate 16) with twin-flower (Plate 18) 
as a codominant herb in group seven.  

In contrast to findings of Downing and Karpuk 
(1992), we found a relationship between 
vegetation group and stand age. Their study 
design and analysis differed from ours. Stands in 
the Downing and Karpuk study were randomly 
selected throughout the north central region of 
the low boreal ecoregion of Alberta with ages 
varying between 12–96 years with the majority 
(90%) between 20–70 years. Our study had a 
larger range of ages, a balanced experimental 
design, and stands were selected from a smaller 
area, all of which served to increase the power 
(i.e., reduce the variance) of our study. 
Eigenvalues from TWINSPAN and PCA 
indicated that differences in species composition 
among ages were relatively small. Without an 
experimental design developed to specifically 
highlight these differences, age specific 
vegetation groups would not have been detected. 
An additional difference between our study and 
Downing and Karpuk‘s study was the division of 
understory into lower, mid, and upper strata 
rather than the standard technique of division 
based on shrubs, forbs, grasses, mosses. The 
height stratification allowed us to measure 
vertical heterogeneity, which is a structural 
characteristic of stand development within aspen 
mixedwood stands (see Discussion, Chapter 3). 

A number of key species were identified whose 
relative abundances were good indicators of 
different vegetation groups and/or stand ages. 
However, the mechanisms that produce these 

changes are unknown. Currently, there is little 
research on the basic ecology of most understory 
species, or the complex interactions that are 
likely to drive relative abundance during 
succession.  

Conclusions and Implications 

Understory changes in aspen mixedwood forests 
of the mid boreal ecoregion were largely 
produced by shifts in abundance among groups of 
common species. Overall changes in the 
understory structure and appearance were the 
result of changes in the abundance rather than 
local species turnover, i.e., local 
invasion/extinction of species. The shifting 
abundances of core species were sufficiently 
patterned to produce distinctive vegetation 
groups associated with stand ages.  

It is unclear, however, what mechanisms produce 
patterns of dominance within the successional 
trajectory. Thus, the predictability of understory 
changes resulting from practices such as 
shelterwood cutting, and gap creation, is 
relatively poor. This uncertainty in composition 
of understory plants is largely due to complex 
interactions among different species as well as 
interactions with biophysical variables such as 
soil nutrients. Research on understory species is 
negligible. In all but the most invasive practices, 
our ability to predict understory changes from 
current timber operations is poor.  

In the short term, the best method of determining 
understory responses to timber harvest is to 
experimentally perform the operation then 
measure subsequent changes in the understory 
community. These data are unlikely to elucidate 
the mechanisms that assemble and change 
understory communities; however, they will 
allow comparisons between natural successional 
trajectories and those potentially altered by 
timber harvest operations.  
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PHOTOGRAPHIC PLATES 

 

 

 

 

 

PLATE 1. Radiation shield of thermistor used for 
measuring air temperature (Photo by David 
Chesterman). 

PLATE 2. Downloading data from the datalogger onto 
the portable computer (Photo by David Chesterman). 

PLATE 3. Installation of thermistor used to measure 
soil temperature (Photo by David Chesterman). 

PLATE 4. Rain gauge (Photo by David Chesterman). 
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PLATE 5. Young aspen mixedwood stand (Photo by 
Len Peleshok). 

PLATE 6. Mature aspen mixedwood stand (Photo by 
Len Peleshok).  

PLATE 7. Old aspen mixedwood stand (Photo by Jack 
Nolan).  
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PLATE 8. Canopy photograph of young aspen mixedwood stand, taken with 180° lens. Note the closed canopy with 
many openings caused by the relatively thin canopy layer and low stature of the trees (Photo by Susan Crites). 

PLATE 9. Canopy photograph of mature aspen mixedwood stand, taken with 180° lens. Note the closed canopy with 
fewer moderate-sized openings caused by relatively dense canopy layer and taller tree height (Photo by Dani 
Walker). 

PLATE 10. Canopy photograph of old aspen mixedwood stand, taken with 180° lens. Note the lower density and 
uneven stature of trees and presence of gaps in canopy caused by the mortality of large trees (Photo by Howie 
Smith). 
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PLATE 11. Young aspen mixedwood stand in winter 
showing snags and DWM (Photo by Jack Nolan). 

PLATE 12. Mature aspen mixedwood stand in winter 
showing simple structure (Photo by Len Peleshok). 

PLATE 13. Old aspen mixedwood stand in winter 
showing conifers, snags, DWM, and shrubs (Photo by 
Len Peleshok). 

PLATE 14. Green alder commonly dominates the mid 
(1–3 m) and upper strata of old and some mature 
stands of aspen mixedwood stands in Alberta (Photo 
by Edgar T. Jones; Courtesy of Provincial Museum of 
Alberta, Edmonton, AB). 
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PLATE 15. Willow commonly dominates the mid (1–3 
m) and upper strata of young stands of aspen 
mixedwood stands in Alberta (Photo by Edgar T. 
Jones; Courtesy of Provincial Museum of Alberta, 
Edmonton, AB). 

PLATE 16. Wild sarsaparilla commonly dominates the 
understory stratum (<1 m) of old and some mature 
stands of aspen mixedwood stands in Alberta. (Photo 
by Jack Nolan). 

PLATE 17. Prickly rose is a characteristic understory 
species in all ages of aspen mixedwood stands in 
Alberta. (Photo by Phil Lee). 

PLATE 18. Twin-flower is one of the few species with 
greater incidences in mature stands of aspen 
mixedwood stands in Alberta. (Photo by Susan Crites). 
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PLATE 19. An example of a log of decay class 1 
(Photo by Jack Nolan).  

PLATE 20. An example of a log of decay class 6 
(Photo by Jack Nolan).  

PLATE 22. An example of a lichen (Peltigera sp.) and 
a moss species (Ptilium crista-castrensis) growing on 
down logs (Photo by Jack Nolan).  

PLATE 21. An example of some moss (Pleurozium 
schreberi) and lichen (Cladonia spp.) species growing 
on a down log (Photo by Jack Nolan).  
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PLATE 23. Traps used to detect small mammals (Photo 
by Jack Nolan). 

PLATE 24. Ungulate scat surveys were conducted in 
the spring and fall. All scat groups located within 1 m 
of the transect line were identified and counted (Photo 
by Len Peleshok).  

PLATE 26. Understory conifers in aspen mixedwood 
stands provided winter thermal cover for deer. 
Snowpack depth beneath conifer was lower than 
beneath aspen trees (Photo by Jack Nolan). 

PLATE 25. Ungulate snow track surveys involved four 
random 100 m transects emanating from site centre 
(Photo by Len Peleshok). 
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PLATE 27. Radiotracking bats (Photo by Lisa 
Crampton). 

PLATE 28. Little brown bat (Photo by M. Vonhof).  

PLATE 30. Scar entrance to big brown bat maternity 
colony (Photo by Robert Barclay). 

PLATE 29. Roost tree showing scar/crack entrance to 
roost (Photo by Robert Barclay). 
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PLATE 31. Live trap placement for flying squirrels 
(Photo by Len Peleshok). 

PLATE 33. Flying squirrel den site in stump (Photo by 
Shawn Wasel). 

PLATE 32. Flying squirrel on tall, large-diameter den 
snag (Photo by Len Peleshok). 
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PLATE 34. Aspen mixedwood stands are generally 
harvested by feller-bunchers using a clearcut harvest 
strategy (Photo by Len Peleshok). 

PLATE 35. Recent aspen mixedwood cutblock on 
Alberta-Pacific FMA showing residual live aspen and 
spruce dispersed evenly through cutblock (Photo by 
Jack Nolan).  

PLATE 36. Recent aspen mixedwood cutblock on 
Alberta-Pacific FMA showing residual live aspen and 
spruce in clumped and dispersed distribution (Photo by 
Jack Nolan). 

PLATE 37. Recent aspen mixedwood cutblock on 
Alberta-Pacific FMA showing retention of understory 
conifer and residual coarse DWM (Photo by Jack 
Nolan). 





 

 93 

6. RELATIONSHIPS BETWEEN NONVASCULAR SPECIES AND STAND AGE AND STAND 

STRUCTURE IN ASPEN MIXEDWOOD FORESTS IN ALBERTA. 

Susan Crites and Mark Dale 

Abstract 

We examined the importance of stand age and 
substrate to diversity and relative abundance of 
nonvascular species (i.e., mosses, lichens, 
liverworts, and fungi). Nonvascular species 
diversity and relative abundance were determined 
by point sampling on surfaces of coarse down 
woody material (DWM) (>11 cm in diameter) in 
young (20–30 years), mature (50–65 years), and 
old (120+ years) aspen mixedwood stands. DWM 
was categorized into one of seven decay classes. 
Diversity and relative abundance of nonvascular 
species on logs differed among decay classes and 
stand ages. Old aspen mixedwood stands, 
possibly because they had the greatest variety of 
woody substrates available in different decay 
classes, supported the greatest number of 
nonvascular species. The decay stages did not 
have unique species assemblages due to high 
intergradation of species. Each decay stage had 
differing abundances of species, with epiphytes 
being generally more abundant on early decay 
stages, epixylics being abundant on intermediate 
decay stages, and terricolous species being more 
abundant on more advanced stages of decay. The 
sensitive liverwort group was restricted to 
intermediate stages of decay. Nonvascular 
species on particular decay stages were different 
across the age classes, indicating that time, as 
well as structural attributes, was important in 
determining species assemblages. These results 
suggest that nonvascular species assemblages 
may be altered if old aspen stands are not present 
across the landscape, and that wood in different 
stages of decay is important to maintain such 
assemblages. 

Introduction 

Little is known about ecosystem function of 
bryophyte and lichen communities and the 
changes that occur within these communities 
throughout succession (Franklin et al. 1981; 
Canters et al. 1991; Lesica et al. 1991; Hyvärinen 
et al. 1992). Bryophytes and lichens are often 
ignored in ecological studies due to the many 

morphological factors separating them from 
vascular plants, and due to difficulties in 
sampling and identification (Lee and La Roi 
1979a; Franklin et al. 1981; Synge 1981; Vitt 
1991; Bisang and Urmi 1994). Nonvascular 
species (for purposes of this chapter, 
―nonvascular‖ refers to mosses, liverworts, 
lichens, and fungi, but not to algae), however, are 
unique in that their distribution is largely 
controlled by microclimate, substrate, and time 
(Muhle and Le Blanc 1975; Lee and La Roi 
1979b; Larson 1984). 

Bryophytes and lichens lack a well-developed 
vascular system, including roots; therefore, they 
cannot withdraw water from the substrate in the 
same manner as can vascular plants (Richardson 
1981; Kershaw 1985). Consequently, bryophytes 
and lichens have developed poikilohydric 
adaptations, that is, they are able to dry out and 
survive periods of drought (Larson 1984; 
Kershaw 1985; Vitt et al. 1988). They are then 
able to resume normal metabolic functioning 
upon rewetting (Richardson 1981; Kershaw 
1985). This strategy has enabled bryophytes and 
lichens to occupy harsh substrates, such as rocks 
(saxicolous), living trees (corticolous or 
epiphytic), logs or decaying wood (lignicolous or 
epixylic), or soil or humus (terricolous or 
humicolous). Because many of these substrates 
are impenetrable to roots of vascular plants, 
nonvascular species may have reduced 
competition from vascular plants for light and 
nutrients (Proctor 1981; Richardson 1981). 
Therefore, bryophytes and lichens differ from 
vascular plants in their substrate preferences and 
their response to environmental gradients (Lee 
and La Roi 1979b). 

Many studies have documented that stand age is a 
critical factor in determining lichen and/or 
bryophyte diversity (Söderström 1988a; Lesica et 
al. 1991; Gustafsson et al. 1992a; Hyvärinen et 
al. 1992; Berg et al. 1994; Selva 1994). Due to 
relatively slow growth rates, bryophytes and 
lichens may require many decades to establish 
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and become abundant (Larson 1984), and 
depending on substrates, successful dispersal may 
be rare (Söderström 1988a; Lesica et al. 1991). 
Furthermore, Berg et al. (1994) concluded that 
for all rare and threatened species in Sweden, 
including nonvascular species, the two most 
important habitat elements were down woody 
material (DWM) and old deciduous trees. Large 
old trees and DWM are present only after a long 
disturbance regime interval. Gustafsson et al. 
(1992a) reported that, for bryophyte diversity, a 
long interval between disturbance events is more 
important than the mean tree age within the 
forest. Similarly, Selva (1994) found rare 
indicator lichen species required old forests that 
had been present long enough to acquire the 
variety of microhabitats that enabled these rare 
species to become established. Once the rarer 
species have become established, Selva (1994) 
maintains that they require substrates in various 
stages of decay, and ecological continuity of the 
tree layer, to ensure their survival within old 
forests. Therefore, tree age is not the only 
important factor determining the importance of 
habitat for nonvascular species. 

Bryophytes and lichens are seldom able to grow 
on the ground of aspen stands because of the 
thick litter layer and the blanketing effect of 
autumn leaf-drop (Longton 1992; Sveinbjörnsson 
and Oechel 1992). In such forests, nonvascular 
species are largely confined to tree bases and 
DWM, where litter does not prevent growth 
(Longton 1992). DWM provides a unique 
substrate, elevating nonvascular species above 
competition on the forest floor, positioning them 
where moisture is more readily available in the 
form of rain or runoff, where the substrate pH 
may be more favorable than the ground pH (La 
Roi and Stringer 1976), and where limiting 
nutrients may be available to these plants (Vitt 
1991). The effects of stand age and substrate on 
the distribution and diversity of nonvascular 
species have not been examined separately in the 
literature. 

With a rotation age of 70 years, many old aspen 
stands in Alberta will be harvested to increase the 
occurrence of younger, more marketable stands 
(Anonymous 1992), leading to a truncation of the 
age class distribution of these forests. This 
alteration of the age class distribution may cause 

a change in the dynamics of DWM (Chapter 4). 
There will be fewer older stands, decreasing the 
range of decay stages and sizes of DWM. 
Currently, logging companies are striving to 
recreate many of the structural attributes found in 
older stands in an attempt to approximate natural 
ecosystems by leaving clumps of live trees, snags, 
and DWM (Swanson and Franklin 1992). If a 
long disturbance regime interval of a forest is 
important for nonvascular species diversity 
(Gustafsson et al. 1992a; Berg et al. 1994; Selva 
1994), then structurally recreated stands may not 
be able to support many species of bryophytes 
and lichens that are found in naturally occurring 
old stands (Söderström 1988a; Lesica et al. 1991; 
Gustafsson et al. 1992a; 1992b).  

The direct effects of logging on bryophytes, 
lichens, and fungi may not be readily apparent. 
This group of organisms is highly dependent 
upon substrate and microclimate. Logging causes 
many dramatic changes to an ecosystem that 
either directly or indirectly affect substrate and 
microclimate. If suitable substrates are removed 
from the ecosystem, many species will be unable 
to reproduce and may be eliminated (Söderström 
1988b). Söderström (1988b) concluded that 
DWM of all stages of decay and of large diameter 
are important to maintain a rich nonvascular 
flora. In Sweden, 53% of nonvascular plants and 
invertebrates that were threatened preferred logs 
that were in intermediate stages of decay (Berg et 
al. 1994). Managed stands have an uneven supply 
of DWM in different stages of decay, with some 
stages missing or rare (Söderström 1988a). Once 
an area has been logged, the microclimate is 
completely altered. High humidity is known to be 
important for many nonvascular species 
(Gustafsson et al. 1992b). In natural forests, 
DWM is being recruited regularly (Harmon et al. 
1986). If an area is clearcut logged, there will be 
few remaining trees that will be able to contribute 
to the input of DWM in the regenerating stand 
(Söderström 1988a). Shade-tolerant species that 
were growing on logs under an aspen canopy will 
be unable to reproduce or will die following 
logging (Söderström 1988a), if they are not 
severely damaged or killed by the logging event 
itself. Research is needed to determine the 
dependency of nonvascular communities on 
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decay stages and stand age, and to apply such 
results to forest harvest strategies. 

This study evaluates a) differences in nonvascular 
species richness and abundance among stand 
ages, b) patterns of DWM decay in aspen 
mixedwood stands, c) nonvascular communities 
within each DWM decay type, and d) similarities 
or differences in nonvascular communities on the 
same DWM decay stages in different aged stands. 
DWM was categorized into one of seven decay 
stages, and nonvascular communities on the 
DWM were sampled. Multivariate techniques 
were used to evaluate whether decay stages 
consisted of predictable species assemblages. 

Methods 

Field Methods 
At each of 72 sites (Chapter 1), DWM was 
sampled using the line intersect method (De 
Vries 1974) along four 100 m transects radiating 
out from site center. Each transect was random in 
direction. Five random points were selected along 
each 100 m transect. DWM was sampled on 5 m 
segments along the transect from each of the five 
points, totaling 25 m/transect and 100 m/site.  

DWM greater than 11 cm in diameter (hereafter 
referred to as coarse DWM) intersecting the 
transect was categorized by decay class and 
diameter. Decay was divided into seven stages 
modified from McCullough (1948) as follows: 1) 
log whole and undecayed, bark, branches, and 
twigs present and intact, log elevated on support 
points; 2) log sound, wood hard, twigs mostly 
lacking, <50% of the bark missing; 3) wood soft 
in places, some branches remaining, >50% of the 
bark missing; 4) little to no bark remaining, no 
branches, wood soft with small crevices and 
small pieces lost; 5) large wood fragments lost, 
outline of trunk slightly deformed, vascular plants 
beginning to colonize; 6) wood mostly well 
decayed, log colonized by various herbs, shrubs, 
and trees; 7) humification nearly 100%, hard to 
define as a log, outline indeterminable, no 
evidence of hard wood (Plates 19, 20). For logs 
that were fragmented, each section was treated as 
a separate log. In the case of logs that had 
branches crossing the transect, each branch was 
considered a separate log. Diameter of logs 

bisecting the transect was taken at the 
intersection point between log and transect. 

Surveys of mosses, lichens, liverworts, and fungi 
were completed by point sampling. A 5 x 5 cm 
marked grid was placed on the log at the 
intersection point between the log and the 
transect, and the grid was wrapped around the 
log, with the length of the grid (30 cm) lying 
along the length of the log. The grid width was 
dependent on the circumference of the log and 
was sampled for as much of the circumference as 
possible above ground surface. All mosses, 
lichens, liverworts, or fungi at each of a minimum 
of 21 grid intersections were identified and 
recorded. Unknown species were collected and 
later identified at the University of Alberta. Bark, 
wood, and vascular plants were recorded at grid 
points where nonvascular species were absent. 
Coarse DWM was sampled between May 1 and 
June 1, and between August 10 and September 
10, 1992. 

Nomenclature generally follows Anderson et al. 
(1990) for mosses, Stotler and Crandall-Stotler 
(1977) for liverworts, and Gilbertson and 
Ryvarden (1986), Martin and Alexopoulos 
(1969), Schalkwijk-Barendsen (1991), Moser 
(1983), and Abbott and Currah (1989) for fungi. 
Egan (1987, 1989, 1990, 1991) was used for 
lichens, with the exception of Peltigera species, 
for which Goffinet and Hastings (1994) was used.  

Fungal species were not included in most of the 
discussion because they were underestimated, as 
only fruiting bodies were recorded. The actual 
number of species of hyphae in coarse DWM was 
not examined. 

Nonvascular species were broken down into three 
ecological groups (modified from Söderström 
1988a): epiphytes (species commonly found on 
live trees); epixylics (species typical of rotting 
wood); and terricolous species (species that use 
the ground as their primary habitat, but can also 
be found growing on litter, mosses, live tree 
bases, and/or rotting wood).  

Analyses 
Substrate diversity for each stand age was 
assessed by examining the range of log diameters 
and decay stages that were available for 
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colonization. Only diameter and decay stages that 
had three or more logs present were included. For 
nonvascular species on logs, diversity was 
determined within each stand age using species 
richness and the Shannon Index (Magurran 
1988).

Point data for each log were converted into 
proportions, so that each log had equal 
representation, irrespective of size. To test 
whether log diameter affected species richness, 
thus biasing the age results, regression 
coefficients were calculated for each stand age by 
plotting species richness against the number of 
sampling points. Analysis of covariance was used 
to test the hypothesis that the slopes of the 
species/area curves for all three age classes were 
the same (Zar 1984). The number of species 
found was plotted against the number of times 
each species was found to evaluate the number of 
common and rare (less frequent) species within 
each age class. 

To determine whether decay stages of coarse 
DWM could be separated based on nonvascular 
communities, discriminate analysis was used 
(Williams 1983). A stepwise procedure was used 
that was based on minimizing overall Wilk's 
lambda (SPSS Inc. 1988). Wilk's lambda is the 
ratio of within-groups sum of squares to total sum 
of squares. The significance of the change in 
Wilk's lambda when a variable is entered or 
removed from the model can be tested by 
transforming lambda to a variable that has 
approximately a chi-square distribution. Initial 
classification of coarse DWM was based on 
physical characteristics (i.e., decay stages). This 
classification was tested against the abundance 
distribution of nonvascular species (and other 
variables that may have been present at grid 
points) across all coarse DWM decay stages. 

To determine whether changes in nonvascular 
communities as logs decayed were the same in all 
three ages, a random sample of logs was selected, 
such that the same number of logs was present for 
young, mature, and old datasets within each 
decay stage. Species richness and composition 
were then compared among age classes. 

To separate the influence of decay stage on the 
distance of nonvascular species from stand age, 

pairwise dissimilarity coefficients were 
calculated using chord distance (Orloci 1978) for 
each decay stage between the three stand ages. 
Chord distance (CRD) is calculated by projecting 
the sampling units (logs) onto a circle of unit 
radius by using direction cosines. The measure is 
the chord distance between the two sampling 
units after the projection (Ludwig and Reynolds 
1988). Chord distance is calculated by  

 CRD jk 2(1 ccosjk )  

where the chord cosine (ccos) is calculated by 

 ccos jk

( Xij Xik )i 1
S

Xij
2 Xik

2
i
S

i
S

 

where Xij represents the abundance of the ith 
species in the jth sampling unit, and S refers to 
number of species. CRD ranges from 0, if 
samples are identical, to √2 if samples are 
maximally dissimilar. Results were normalized to 
a scale of 0 to 1 by dividing all values by √2. 

Results 

Down Woody Material 
There were 333, 176, and 317 logs sampled in 
young, mature, and old stands, respectively. 
Stand age classes had different diameter class 
distributions and frequencies of coarse DWM. 
Young stands had the greatest frequency of logs 
in diameter classes ranging from 13 to 21 cm 
(Figure 6.1a). In mature stands, the frequency 
distribution of logs was more even than for young 
stands, with the greatest frequency of logs 
occurring in diameter classes ranging from 21 to 
29 cm (Figure 6.1b). Old stands shared patterns 
of DWM size found in both young and mature 
stands, and had greatest frequency of logs 
ranging in diameter classes from 21 to 25 cm 
(Figure 6.1c). 

Frequencies of logs in decay classes differed 
among stand ages. In young stands, frequencies 
were greatest in decay stages three and four 
(Figure 6.2a) while mature stands had greatest 
frequencies in advanced stages of decay (Figure 
6.2b). Again, old stands were a combination of 
young and mature stands with a relatively even 
distribution of logs among all decay stages 
(Figure 6.2c). 
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Substrate diversity was greatest in old stands. Old 
stands had logs available for colonization in 
decay stages one to seven and in diameter classes 
of 13 to 45 centimeters. Mature stands were 
characterized by logs in more advanced decay 
stages and diameter classes ranging from 13 to 41 
centimeters (Figure 6.3). Young stands had a 
wider range of decay stages than mature stands 
(three to seven), but had a narrower range of log 
diameter classes (13 to 37; Figure 6.3). 

Nonvascular Species and Stand Age 
A total of 96 species were identified. Of these, 33 
were mosses, 32 were lichens, 24 were fungi, and 
7 were species of liverworts (Table 6.1), Old 
stands had the greatest number of nonvascular 
species, followed by young stands, then mature 
stands (Table 6.1; Plates 21, 22). The high 
number of species in old stands is accounted for 
by mosses and lichens. Young stands had more 
lichens than any other taxonomic group, while 
mature and old stands were highest in mosses 
(Table 6.1). Using the Shannon Index of 
diversity, nonvascular species exhibited greatest 
diversity in young stands, followed by old stands, 
followed by mature stands. Young stands had the 
most even distribution of species, followed by 
mature stands, then old stands (Table 6.1). Of the 
96 species, 28 were found in all age classes. Ten, 
11, and 28 species were exclusive to young, 
mature, and old stands, respectively. 
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FIGURE 6.1. Frequency of logs in diameter classes of 
a) young, b) mature, and c) old aspen mixedwood 
stands in Alberta. 
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FIGURE 6.2. Frequency of logs in each decay stage in 
a) young, b) mature, and c) old aspen mixedwood 
stands in Alberta. Decay stage one refers to freshly 
fallen trees; decay stage seven refers to logs almost 
completely decomposed. 
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FIGURE 6.3. Age classes of young (Y), mature (M), 
and old (O) aspen mixedwood stands placed in 
diameter classes and decay stages to represent the 
diversity of substrates available in the different age 
classes. Dashed lines indicate the limits of the available 
substrates for the three respective age classes. Only 
diameter classes and decay stages having three or more 
logs present were included. 

 
Species richness differed among age classes 
when tested with ANCOVA when the number of 
sampling points was used as the covariate 
(F=7.81; df=2, 66; Figure 6.4). There was no 
significant difference between slopes of young 
and old stands, nor between slopes of mature and 
old stands (q0.05, 66, 3 =3.399; Tukey‘s test, Zar 
1984); however, there was a significant 
difference between the regression coefficients of 
young and mature stands.  

The number of rare species (i.e., those with low 
abundance values) greatly outnumbered the 
number of common species (i.e., those with high 
abundance values) for all stand ages (Figure 6.5). 
Species frequency, when plotted against species 
abundance (number of occurrences), showed old 
stands had the greatest number of species with 
low abundances, followed by young stands, then 
mature stands (Figure 6.5). 

 

TABLE 6.1. Species richness, Shannon Index, and 
evenness for nonvascular species in young, mature, and 
old aspen mixedwood stands in Alberta. 

 Young  

Mature 

  Old Total 

Species Richness 54 49 71 96 

mosses 20 23 25 33 

lichens 23 20 23 32 

liverworts 4 3 6 7 

fungi 7 3 17 24 

Shannon Index 2.92 2.51 2.63  

Evenness 0.74 0.63 0.62  

 

 
Nonvascular Species and Decay Stage 
Species richness increased with decay stage, until 
stage six, then richness decreased slightly (Figure 
6.6). In later decay stages (five to seven), mature 
stands contributed a large portion of species that 
were not detected in young stands. Old stands 
contributed a large component of previously 
unsampled species throughout all decay stages. 
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FIGURE 6.4. Species/area relationships for a) young, b) 
mature, and c) old aspen mixedwood stands. 

 
FIGURE 6.5. Number of species versus species 
abundance (number of occurrences) in young, mature, 
and old aspen mixedwood stands. 
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FIGURE 6.6. Species richness, by decay stage, in three 
age classes of aspen mixedwood stands. Portions of the 
bars indicate how many species were added with 
increasing stand age. 

When species were placed in ecological groups, 
differences were present among decay stages. 
Epiphytic species did not differ among decay 
stages (Figure 6.7). Epixylic species first 
appeared in low frequencies in decay stage two, 
increased with decay, and then decreased in 
decay stages six and seven (Figure 6.7). 
Terricolous species increased through all stages. 
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FIGURE 6.7. Number of nonvascular species across 
decay stages. Species are categorized by ecological 
groups of epiphytes, epixylics, and terricolous species. 

When richness of species across decay stages was 
examined by taxonomic units of liverworts, 
lichens, and mosses (Figure 6.8), mosses 
contributed most to species richness, followed by 
lichens, throughout all stages of decay, with the 
exception of decay stage six. Decay stage seven 
had the greatest numbers of moss species (N=25), 
indicating that lichens were responsible for the 
decline in overall species richness at this late 
decay stage. Liverworts did not appear until 
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decay stage three, steadily increased to decay 
stage five, then declined to decay stage seven. 
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FIGURE 6.8. Number of nonvascular species across 
decay stages. Species are placed into taxonomic groups 
of liverworts, lichens, and mosses. 

To examine the relative contributions of each 
ecological group within a taxonomic unit, species 
were categorized by both ecological groups and 
taxonomic units. There were differences within 
and between taxonomic units (liverworts, lichens, 
and mosses) in abundances of epiphytes, 
epixylics, and terricolous species across the 
decay stages (Figure 6.9). Liverworts reflected 
the same trend as presented in Figure 6.8, 
because all the liverworts found were epixylic 
(Figure 6.9a). Epiphytes and terricolous lichens 
had a relatively stable to slightly increasing trend 
until decay stage six, then both groups decreased. 
Epixylic lichens first appeared at decay stage 
three, increased to decay stages five and six, then 
decreased (Figure 6.9b). Mosses had fewer 
species as epiphytes than did lichens across all 
decay stages (Figure 6.9c), the frequency of 
which remained stable. Frequency of mosses as 
epixylics was also lower across all decay stages 
than it was for lichens, with the exception of 
decay stages one and two (Figure 6.9c). 
Terricolous mosses had an increasing trend 
similar to terricolous lichens, with terricolous 
mosses having greater frequencies than 
terricolous lichens (Figure 6.9c). Trends observed 
in decay stages one and two may be slightly 
misleading because of the low sample size of logs 
in these decay stages (18 and 33 logs in stages 
one and two, respectively) compared to other 
stages (remaining stages ranged from 128 to 178 
logs). Liverworts and lichens were the most 
frequent of epixylics, particularly in intermediate 

decay stages, lichens were the most frequent of 
epiphytes, and mosses were the most frequent of 
terricolous species, particularly in more advanced 
stages of decay. 

Discriminant Analysis of Decay Stages 

Seven decay stages were significantly separated 
by the first five of the six canonical functions 
(Table 6.2). Therefore, the seven decay stages 
have relatively good predictive potential. Of the 
sixteen observation variables included in the 
canonical discriminant analyses to evaluate 
differences among decay stages, bark, wood, and 
herb variables had the greatest discriminating 
ability for the first two canonical functions 
(Table 6.3).  
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FIGURE 6.9. Taxonomic units of a) liverworts, b) 
lichens, and c) mosses divided into ecological groups 
across decay stages. 

 

TABLE 6.2. Discriminant analysis results of chi-square 
and significant values produced for the six canonical 
functions. 

After Function Chi-square df P 

0 2202.36 96 0.0000 

1 1051.89 75 0.0000 

2 346.91 56 0.0000 

3 183.73 39 0.0000 

4 43.20 24 0.01 

5 16.87 11 0.25 

 
The first two canonical functions explained 
90.6% of the total variance (Table 6.3). The first 
canonical axis represents the direction of greatest 
variance (63%) between decay stages. Bark, 

wood, and herbs were the variables with the 
highest correlation to the first axis (Figure 6.10). 
This axis separated decay stages one and two 
from the rest of the decay stages, and decay 
stages five to seven from decay stages three and 
four. The second canonical axis represents 38% 
of the variance between decay stages. The same 
variables influencing axis one most influence axis 
two, but the direction of correlation differed for 
wood and herbs (Figure 6.10). This axis 
separated decay stages one and two from decay 
stages three to seven. 

TABLE 6.3. Discriminatory importance of variables as 
shown by the within-group correlation coefficients 
between variables and the first two canonical functions. 
For each function, the three variables with the highest 
correlation coefficients are in bold. The third heading 
row consists of percent variance explained by the 
respective canonical functions. 

Observation Variables Function 
1 

Function 
2 

 Total Explained Variance 62.8% 27.8% 

Brachythecium spp. 0.02 –0.10 

Bryohaplocladium microphyllum –0.07 –0.13 

Bark 0.97 0.56 

Wood 0.92 –0.63 

Litter –0.07 0.13 

Herbs –0.38 0.46 

Pylaisiella polyantha 0.19 –0.09 

Cladonia conicocraea –0.03 0.01 

Xanthoria polycarpa 0.07 0.12 

Physcia adscendens 0.17 0.33 

Usnea spp.  0.19 0.19 

Phellinus tremullae 0.06 0.13 

Physarum sp. –0.08 –0.20 

Trametes hirsuta 0.07 0.12 

Bjerkandera adjusta –0.07 –0.30 

white crustose lichen* –0.11 –0.24 

*not identified at time of printing 

 

Overall success of classifying samples into the 
seven decay stages was 53%. Group membership 
was predicted well for four of the seven decay 
stages (Table 6.4) although logs from three decay 
stages were misclassified often. Decay stage one 
was often classified as stage two (5 cases 
classified as stage one, 11 cases classified as 
stage two). Decay stage four was often classified 
as stage three (32 cases classified as stage four, 
53 cases as stage three). Decay stage five was 
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often classified as stage six (30 cases as stage 
five, 37 cases as stage six; Table 6.4).  

 
FIGURE 6.10. Discrimination among seven decay 
stages. Data points represent the centroid for each 
decay group on the first two canonical axes. Decay 
stage one represents a freshly fallen tree, decay stage 
seven represents a log almost completely decomposed. 

 

If distinct assemblages of species on each of the 
seven decay stages are undetectable, there must 
be a significant intergradation. To examine these 
assemblages, the proportions of detections of 
species on logs were averaged for all logs, then 
converted to percentages. Some of the 
relationships of the more common species (>5 
detections) with decay stages are presented in 
Figure 6.11. 

Early decay stages contained species that are 
typical of epiphytic communities on standing 

trees (Figure 6.11). In general, epiphyte 
abundance increased in early decay stages, with 
highest overall abundances occurring at stage 
three, while frequency also increased to stage 
three, then fluctuated. Epiphytic mosses such as 
Orthotrichum obtusifolium Brid. and Pylaisiella 
polyantha (Hedw.) Grout were present in early 
decay stages. These mosses, along with 
Orthotrichum speciosum Sturm were the three 
species of moss most commonly found growing 
on live trees (Crites, unpublished data). 
Pylaisiella polyantha is a moss typically found at 
the base of aspen trees in the boreal forest of 
western Canada (Vitt et al. 1988). Ground mosses 
that were also found in early decay stages include 
Plagiomnium cuspidatum (Hedw.) Kop. and 
Brachythecium spp. These species were also 
found growing on the lower trunk of aspen trees; 
therefore, their presence on these early decay 
stages may be due to sampling the lower portions 
of what were previously live trees, rather than 
these species colonizing from the ground or from 
germination on the logs. Lichens typical of 
epiphytic communities, such as Phaeophyscia 
orbicularis (Necker) Moberg, Usnea spp., 
Parmelia sulcata Tayl., and Cetraria pinastri 
(Scop.) S. Gray were found in early decay stages. 
Some of these species were also found in later 
decay stages, but usually in lower abundances 
(Figure 6.11). 

TABLE 6.4. Discriminant classification results of predicted group membership with seven decay stages as groups. 
Percentage of the known group that was correctly classified is indicated along the diagonal. 

Table 

 

Group 

 (

decay ) 

 

No. of  

 

cases 

       Decay Known Group Predicted Group Membership in Decay Stage 
Stage Membership 1 2 3 4 5 6 7 

1 
 

18 5 
27.8% 

11 1 0 0 1 0 

2 
 

33 1 28 
84.8% 

4 0 0 0 0 

3 
 

173 0 13 142 
82.1% 

12 1 3 2 

4 
 

126 0 3 53 32 
25.4% 

13 20 5 

5 
 

125 0 2 15 16 30 
24.0% 

37 25 

6 
 

173 0 2 6 6 16 76 
43.9% 

67 

7 
 

178 0 0 0 0 2 48 128 
71.9% 
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 Decay Stage  
Species 1 2 3 4 5 6 7  
Orthotrichum obtusifolium • • •     

 
Phaeophyscia orbicularis • • • •    • 1–5% 

Usnea spp. • • •  • •  • 5.1–10% 

Parmelia sulcata • • • • • •  • 10.1–15% 

Cetraria pinastri 
• • • • • • • • 15.1–20% 

Pylaisiella polyantha • • • • • • • • 20.1–25% 
Plagiomnium cuspidatum •  • • • • • • 

25.1–30%
 

Brachythecium spp. • • • • • • • • 
>30%

 
Cladina mitis  • • • • • •  
Platygyrium repens  • 

 • • • •  

Scapania apiculata   • • •    

Ptilidium pulcherrimum   • • • • •  

Jamesoniella autumnalis   • • • • •  

Campylium hispidulum   • • • •   

Sanionia uncinata   • • • • •  

Cladonia coniocraea   • • • • •  

Bryohaplocladium microphyllum 
  • • • • •  

Cladonia gracilis   • • • • •  

Dicranum flagellare    • • • •  

Hylocomium splendens    • • • •  

Pleurozium schreberi    • • • •  
Ptilium crista-castrensis    • • • •  

Peltigera elisabethae   
 

• • • •  
Peltigera praetextata    • • • •  

Cladonia botrytes    • • •   

Anastrophyllum hellerianum     • •   

Cladonia bacillaris     • • 
  

Eurhynchium pulchellum     • • •  
Dicranum undulatum      • •  

Dicranum fuscescens      • •  

Climacium dendroides      • •  
 

FIGURE 6.11. Percentages of nonvascular species occurring on coarse DWM of decay stages one to seven.  
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Cladina mitis (Sandst.) Hustich and Platygyrium 
repens (Brid.) B.S.G. developed on logs of decay 
stage two. Cladina mitis, grew on all the 
remaining decay stages, having a maximum 
abundance on decay stage seven. Platygyrium 
repens had its greatest abundances in decay 
stages four, five, and six. 

At decay stages three and four, many new species 
had colonized the logs. On decay stage three, six 
epixylic and one terricolous species were found. 
Epixylic liverworts such as Scapania apiculata 
Spruce, Ptilidium pulcherrimum (Web.) Hampe, 
and Jamesoniella autumnalis (DC.) Steph. were 
found in highest abundances on intermediate 
decay stages. Cladonia coniocraea (Floerke) 
Spreng and Cladonia gracilis (L.) Willd., typical 
epixylic lichens, were growing on decay stages 
three to seven. One typical epixylic moss that is 
associated with moist decaying logs was 
Bryohaplocladium microphyllum (Hedw.) Broth. 
It had its highest abundance (40%) on decay 
stage three, and its lowest abundance on decay 
stage seven. Sanionia uncinata (Hedw.) Loeske, a 
ground moss, also began colonizing logs at decay 
stage three and was in highest abundance on 
decay stages five and six.  

Once the logs reached decay stage four, there 
were four ground species (all mosses) and three 
epixylics (all lichens). Hylocomium splendens 
(Hedw.) B.S.G., Pleurozium schreberi (Brid.) 
Mitt., and Ptilium crista-castrensis (Hedw.) de 
Not are all typical ground feather mosses that are 
abundant in mature spruce forests (Neinstaedt 
and Zasada 1990). Hylocomium splendens was 
moderately abundant from decay stages four to 
seven. Pleurozium schreberi increased with 
decay stage, with a maximum abundance of 23% 
at decay stage seven. Ptilium crista-castrensis 
had lowest abundances at decay stages four and 
seven, and highest abundance at stages five and 
six. Dicranum flagellare Hedw. was also present. 
D. flagellare is associated with both the ground 
and decaying wood, but it appears to be most 
commonly found on the ground. Two of the 
epixylic lichens were of the genus Peltigera. P. 
elisabethae Gyelnik was present from stages four 
to seven, and had a high cover value average of 
34% on decay stage five logs. P. praetextata 
(Sommerf.) Zopf, less abundant than P. 
elisabethae, was present in moderate abundances 

from decay stages four to seven. Cladonia 
botrytes (Hag.) Willd. was the third epixylic 
lichen that first appeared on decay stage four, 
where it had its highest abundance, decreasing 
until decay stage six, and being absent from 
decay stage seven.  

Two epixylic and one ground species colonized 
logs at decay stage five. Anastrophyllum 
hellerianum (Nees) Schust., an epixylic liverwort, 
was present in moderate abundances on decay 
stages five and six only. Eurhynchium pulchellum 
(Hedw.) Jenn., a common epixylic moss of the 
boreal forest, fluctuated in abundance on decay 
stages five and six, then increased abundance on 
decay stage seven. The ground lichen Cladonia 
bacillaris Nyl. began colonizing logs at decay 
stage five, peaked in abundance on decay stage 
six, then decreased slightly on stage seven. 

On decay stages six and seven, two ground 
mosses were present, Dicranum undulatum Brid. 
and Climacium dendroides (Hedw.) Web. & 
Mohr. Both species are associated with mesic 
habitats, with the former having greatest 
abundance values on stage six, the latter on stage 
seven. 

Substrate Separated from Stand Age 
Where possible, numbers of coarse DWM were 
equalized among stand ages within decay classes 
(Table 6.5), and species richness and composition 
were compared. Decay stages one and two had 
too few logs in two of the three stand ages for 
data reduction; therefore, comparisons were not 
conducted for these decay stages. Decay stages 
three and four had too few logs in mature stands; 
therefore, data from young or old stands were 
removed to allow for equal representation, then 
the two stand ages were compared (Table 6.5).  

Species richness, when using the complete 
dataset (Figure 6.12), was highest in old stands in 
four of the five decay stages presented. With a 
reduced dataset of equal numbers of logs within 
each decay stage, old stands were highest in 
species richness in only two of the five decay 
stages presented (Figure 6.13), but were still 
highest in overall species richness (N=50, 45, and 
56 in young, mature, and old stands, 
respectively). With equal log numbers, the 
number of species exclusive to one stand age 
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only changed for old stands (from N=28 to 
N=21). Species richness across decay stages 
ranged from 14–30 species. The number of 
species shared between two or three ages, 
depending on the number of age classes 
compared, ranged from 4–11 species, or from 15–
55%. Therefore, the stand ages still appear to be 
quite different with equal numbers of logs within 
each decay stage. 

Pairwise dissimilarity coefficients revealed that 
all age classes were dissimilar within decay 

stages (Table 6.6). Decay stage seven was the 
most similar between young and mature stands, 
followed by decay stage two between young and 
old stands (Table 6.6). Species richness and 
abundance became increasingly similar with 
decay stage. 

Relative proportions of lichens, mosses, fungi, 
and liverworts occurring on down woody material 
in young, mature, and old aspen mixedwood 
stands in Alberta are provided in Tables 6.7, 6.8, 
and 6.9. 

 

 

 

TABLE 6.5. Number of logs in young, mature, and old aspen mixedwood stands across decay stages. Bottom row is 
the sample size of logs that each decay stage was reduced to for comparisons across age classes.  

 Decay Class 

Stand Age        1         2       3        4          5          6        7 

Young 1 3 128 80 45 45 32 

Mature 3 2 2 6 22 54 87 

Old 14 14 43 40 58 74 60 

Reduced NA
*
 NA

*
        43

†
           40

†
 22 45 32 

* 
These decay stages were not analyzed because there were too few logs in young and mature stands. 

† 
Mature stands were omitted from these data reductions and comparisons due to low sample sizes of logs. 

 

 

 

 

 
TABLE 6.6. Dissimilarity coefficients calculated using chord distance (Orloci 1978) of decay stages 1–7 across 
young, mature, and old aspen mixedwood stands. A value of 1.00 indicates decay stages are dissimilar based on 
species composition and abundance, while a value of 0 indicates decay stages are identical. 

Comparison 1 2 3 4 5 6 7 

Young and Mature 1.00 1.00 1.00 0.84 0.62 0.58 0.30 

Young and Old 0.92 0.41 0.68 0.74 0.45 0.50 0.61 

Mature and Old 1.00 1.00 0.98 0.89 0.56 0.53 0.61 
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FIGURE 6.12. Nonvascular species richness of decay 
stages 3–7 across young, mature, and old aspen 
mixedwood stands. Numbers were taken from raw data 
with unequal numbers of logs within each decay stage. 
Decay stages 1–2 were omitted due to low sample size. 
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FIGURE 6.13. Nonvascular species richness of decay 
stages 3–7 across young, mature, and old aspen 
mixedwood stands. Log numbers within each decay 
stage were reduced to produce equal sample sizes. 
Decay stages 1–2 were omitted due to low sample 
sizes. 

TABLE 6.7. Relative abundances of lichens occurring on down woody material in young, mature, and old aspen 
mixedwood stands in Alberta. 

 Young Mature Old Total 
Lichens     
Cetraria pinastri 0.71 0.06 0.19 0.97 
Cladina mitis 0.61 0.15 0.03 0.79 
Cladonia bacillaris 0.29 0.05 0.00 0.33 
Cladonia botrytes 1.10 0.03 0.00 1.13 
Cladonia cenotea 0.00 0.01 0.00 0.01 
Cladonia chlorophaea 0.00 0.06 0.13 0.19 
Cladonia coniocraea 0.67 0.73 0.83 2.24 
Cladonia crispata 0.00 0.05 0.00 0.05 
Cladonia fimbriata 0.06 0.00 0.05 0.11 
Cladonia gracilis 3.62 1.81 0.24 5.67 
Cladonia multiformis 0.34 0.00 0.05 0.39 
Cladonia pyxidata 0.19 0.00 0.00 0.19 
Cladonia spp. 0.33 0.40 0.56 1.29 
Evernia mesomorpha 0.00 0.00 0.10 0.10 
Hypogymnia physodes 0.05 0.00 0.02 0.07 
Parmelia sulcata 3.65 0.15 2.24 6.04 
Peltigera aphthosa 0.26 0.13 0.00 0.40 
Peltigera canina 0.97 0.13 0.31 1.40 
Peltigera didactyla  0.17 0.05 0.10 0.31 
Peltigera elisabethae 0.14 0.41 1.01 1.56 
Peltigera evansiana 0.00 0.00 0.14 0.14 
Peltigera membranacaea 0.14 0.05 0.00 0.19 
Peltigera neckeri 0.10 0.19 0.05 0.33 
Peltigera neopolydactyla 0.09 0.00 0.00 0.09 
Peltigera praetextata 0.92 0.63 0.67 2.22 
Peltigera  spp. 0.05 0.04 0.05 0.14 
Phaeophyscia orbicularis 0.12 0.00 0.53 0.66 
Physcia adscendens 0.00 0.00 0.10 0.10 
Usnea spp. 0.55 0.02 0.47 1.04 
Xanthoria polycarpa 0.00 0.00 0.05 0.05 
White crustose lichen 0.00 0.00 0.06 0.06 
Lichen spp. 0.67 0.00 0.27 0.94 
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TABLE 6.8. Relative abundances of mosses and fungi occurring on down woody material in young, mature, and old 
aspen mixedwood stands in Alberta. 

 Young Mature Old Total 
Mosses     
Amblystegium serpens 0.11 0.00 0.05 0.15 
Amblystegium varium 0.00 0.00 0.15 0.15 
Aulacomnium palustre 0.72 0.17 0.00 0.89 
Brachythecium spp. 11.76 6.47 21.99 40.21 
Bryohaplocladium microphyllum 3.16 3.60 14.97 21.73 
Campylium chrysophyllum 0.00 0.00 0.16 0.16 
Campylium hispidulum 0.47 0.00 0.40 0.87 
Ceratotodon purpureus 0.03 0.03 0.00 0.06 
Climacium dendroides 0.00 0.00 0.32 0.32 
Dicranum flagellare 0.07 0.87 0.30 1.24 
Dicranum fragilifolium 0.00 0.06 0.00 0.06 
Dicranum fuscescens 0.00 0.68 0.16 0.83 
Dicranum polysetum 0.00 0.12 0.00 0.12 
Dicranum undulatum 0.00 0.21 0.13 0.34 
Eurhynchium pulchellum 0.43 0.11 0.25 0.79 
Hylocomium splendens 1.14 2.12 1.82 5.08 
Oncophorus wahlenburgii 0.37 0.18 0.08 0.63 
Orthotrichum obtusifolium 0.00 0.03 0.55 0.58 
Orthotrichum speciosum 0.00 0.00 0.11 0.11 
Plagiomnium cuspidatum 1.99 4.06 19.00 25.06 
Plagiomnium ellipticum 0.00 0.03 0.00 0.03 
Plagiomnium medium  0.09 0.00 0.00 0.09 
Platygyrium repens 0.11 0.33 1.35 1.78 
Pleurozium schreberi 2.94 12.65 2.58 18.17 
Pohlia nutans 0.03 0.21 0.02 0.26 
Polytrichum juniperinum 0.00 0.11 0.00 0.11 
Ptilium crista-castrensis 2.74 3.10 0.80 6.64 
Pylaisiella polyantha 2.84 0.76 1.64 5.24 
Sanionia uncinata 0.48 0.40 1.19 2.06 
Tetraphis pellucida 0.00 0.05 0.00 0.05 
Thuidium recognitum 
 
 

0.00 0.00 0.36 0.36 

Fungi     

Armillaria mellea  0.04 0.00 0.00 0.04 
Bjerkandera adjusta  0.00 0.00 0.26 0.26 
Crepidotus mollis  0.17 0.00 0.00 0.17 
Calcium spp. 0.00 0.00 0.12 0.12 
Didymium squamulosum 0.00 0.00 0.03 0.03 
Fomes fomentarius 0.00 0.00 0.04 0.04 
Hyphodermella corrugata 0.00 0.00 0.21 0.21 
Hypoxylon multiforme 0.00 0.00 0.11 0.11 
Lamproderma arcyrioides 0.05 0.00 0.00 0.05 
Lycoperdon perlatum 0.00 0.00 0.03 0.03 
Phellinus tremulae 0.00 0.00 0.05 0.05 
Physarum sp. 0.00 0.00 0.05 0.05 
Pseudorhizina sphaerospora 0.00 0.00 0.03 0.03 
Schizophyllum commune 0.10 0.00 0.00 0.10 
Stemonitis axifera 0.00 0.02 0.00 0.02 

 Stemonitis fusca 0.03 0.00 0.00 0.03 
Trametes hirsuta 0.00 0.00 0.17 0.17 
Trichaptum abietinum 0.00 0.00 0.13 0.13 
Trichaptum biformis 0.00 0.00 0.51 0.51 
Fungus spp. 0.18 0.00 0.25 0.43 
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TABLE 6.9. Relative abundances of liverworts occurring on down woody material in young, mature, and old aspen 
mixedwood stands in Alberta. 

 
 Young Mature Old Total 

Liverworts     
Anastrophyllum hellerianum 0.00 0.00 0.26 0.26 
Geocalyx graveolens 0.00 0.08 0.00 0.08 
Jamesoniella autumnalis 0.00 0.99 0.82 1.81 
Lophocolea heterophylla 0.05 0.00 0.11 0.16 
Ptilidium pulcherrimum 0.29 0.43 0.91 1.63 
Riccardia multifida 0.00 0.00 0.02 0.02 
Scapania apiculata 0.14 0.00 0.31 0.46 
Liverwort spp. 0.13 0.03 0.19 0.35 

 

 
Discussion 

Coarse Down Woody Material 
During a fire, many trees are killed or injured. Of 
these, some remain standing and become snags 
while others fall to the forest floor. The 
remaining logs that are not of pre-fire origin are a 
result of the self-thinning that occurs in young 
aspen stands among trees competing for light and 
space (Harmon et al. 1986; Peterson and Peterson 
1992). Diameters of coarse DWM in young 
stands, together with data on diameters of live 
trees in young stands (Chapter 4), provide 
evidence that these logs were likely from pre- and 
post-fire origins. By the time the stand reached 25 
years of age, the majority of these logs had 
decayed to stage three (Figure 6.2a). The 
remaining smaller logs, by 25 years stand age, 
were at decay stages three and four (Figure 6.2a).  

Based on the lack of coarse DWM in decay 
stages one and two, mature stands likely 
consisted of healthy trees. The logs that were in 
late decay stages were probably the result of the 
"pulse" of woody material input after the stand-
originating fire, combined with logs that were 
present before the fire event. These were likely 
the same cohort of logs that were in decay stages 
three and four in the young stands. The diameter 
class distributions of logs leveled off (Figure 
6.1b), indicating that between young and mature 
ages, there were inputs of coarse DWM from a 
wider range of tree ages. This DWM was likely 
the result of a combination of factors, such as 
insect outbreaks, wind, disease, and mammal 
damage, but due mainly to self-thinning among 
the post-fire cohort of trees. 

As succession proceeds, the rate of input and the 
size of pieces added to the forest floor increase 
(Harmon et al. 1986; Lesica et al. 1991). This 
may be a result of fungal invasion and wind-
related mortality (Basham 1958; Harmon et al. 
1986). Older, unhealthy trees are killed by fungi 
and insects, but may remain standing as snags. 
Eventually, wind or lack of support structures 
causes them to fall to the forest floor where they 
become part of the DWM. Many of the trees that 
die are large, producing a large gap in the forest 
canopy. A combination of light penetrating to the 
forest floor through such gaps and the loss of 
apical dominance leads to aspen regeneration 
(Peterson and Peterson 1992). These processes 
occur throughout the stand, creating a stand that 
has multiple tree ages and a multi-layered 
canopy. Of the trees that colonize forest gaps, 
some will become a part of the DWM pool due to 
factors such as wind, damage caused by falling 
trees, insects, and disease (Peterson and Peterson 
1992). The chance of fungal attack in old stands 
is high due to the large number of fungal species 
present in old and decaying trees (Basham 1958), 
increasing the relative number of spores 
compared to younger stands. The combination of 
the above factors gave rise to a continuous input 
of woody material in old stands, resulting in a 
broad range of decay stages, a broad range of 
diameters, high densities, and high volumes of 
DWM (Chapter 4). Indeed, we found that old 
stands had a wider distribution of decay and size 
of coarse DWM than did young and mature 
stands and volumes were high (Chapter 4). 

The rate of coarse DWM decay can be affected 
by many factors including the structural quality 
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of the tree when it fell, diameter, height above 
ground, moisture, species of tree, climate, and 
colonizing organisms (Swift 1977; Harmon et al. 
1986; Soderstrom 1988b; Harmon 1993). The 
substrate of decaying logs is dynamic. Factors 
such as bark loss, crevice formation, pieces lost, 
decomposition, and damage by animals or falling 
trees, can make the surface rougher, and thereby 
facilitate colonization (Söderström 1988b). A 
smooth surface may be more difficult for a 
propagule to land on and become attached to 
(Söderström 1988b). The rate at which surface 
changes and rot proceeds is dependent on the 
local environment. This makes it difficult to find 
distinct characteristics of a particular decay stage, 
including species assemblages. Some logs may 
decay at a faster rate, which may then lead to a 
different assemblage of species than other logs of 
the same decay stage. 

Nonvascular Species and Stand Age 
Species richness and the number of rare species 
were greatest in old stands but species diversity 
and evenness as measured by the Shannon Index 
were highest in young stands. In all stand ages, 
there were many more rare species than common 
ones. The nonvascular species that were present 
in low abundances (mostly fungi) occurred most 
frequently in old stands. This could be reflective 
of a more humid microclimate in old stands. 
Similarly, Lesica et al. (1991) found more species 
of rare trunk epiphytes, and the highest species 
richness, in old stands. Conservative management 
of old aspen stands is essential to maintain this 
rare fungal component. 

The high diversity and evenness values of young 
stands are because there were fewer rare 
nonvascular species found in young stands than 
in old stands and because the most abundant 
species in young stands were lower in abundance 
than the most abundant species in old stands. 
Similar patterns of species abundance in 
bryophytes were found by Vitt (1991). Vascular 
plants, however, exhibit a reverse "J" curve 
instead of the negative exponential curve found 
with bryophytes (Kent and Coker 1992). The 
negative exponential curve illustrates rarity in 
mosses. Most mosses occur disjunctively or are 
continuously widespread (Vitt 1991); however, in 
this dataset and that of Vitt's, most species were 

locally rare. Vitt (1991) concluded that this was 
due to a combination of the species having 
specialized habitat requirements and the habitats 
being spatially or temporally rare. Our results 
agree, as the habitats measured in this study 
(DWM) were both spatially and temporally rare, 
depending on age class. 

The difference in species-area curves between 
young and mature stands may be related to the 
spatial scales of log distribution. That is, because 
of the difference in the rate of population change, 
young and mature stands were not of the same 
population of nonvascular species. Therefore, we 
cannot accurately compare species richness 
between young and mature stands because the 
populations differ. 

In nonvascular communities, species are 
dependent on substrate and microclimate (Muhle 
and Le Blanc 1975; Lee and La Roi 1979a; 
Söderström 1988b; Lesica et al. 1991). For 
dispersal to succeed, substrates must be available. 
Old stands provide a greater diversity of 
substrates than young or mature stands (Figure 
6.3). In addition, the microclimatic conditions 
may be more optimal for species growth and 
reproduction in old stands (Franklin et al. 1981). 
It is species numbers and composition that are of 
concern in such communities because, if there are 
rare occurrences, the community is then 
providing a source habitat from which 
colonization of surrounding areas can occur.  

Most studies tend to discount rare occurrences 
(e.g., Söderström 1988b). Species diversity 
measures can be misleading and have caused 
much controversy among ecologists (Kent and 
Coker 1992). Diversity indices take into account 
species numbers and relative abundances; in this 
regard, rare species that are present in low 
abundances are de-emphasized. Also, many 
researchers remove rare species from more 
detailed analyses. For example, Söderström 
(1988b) used the 25 most common species out of 
75 species found for more detailed analyses, with 
40 of the 75 having at least five occurrences. The 
rationale for removing rare species may be 
justified in some studies. 

In nonvascular communities such as the one we 
studied, rare species are as important as common 
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species because of the need to conserve 
threatened species. Accordingly, areas with 
unique species assemblages need to be identified 
and protected (Gustafsson et al. 1992a). 
Furthermore, we should seek to understand the 
processes that lead to their occurrence to ensure 
their survival in a boreal forest landscape 
managed for wood fiber. For nonvascular species 
in Alberta, there is nothing analogous to 
Sweden's red list of endangered and threatened 
species. Rare species or unique species 
assemblages in such communities can serve as 
environmental indicators or provide important 
information about that community. With the high 
number of species found to be exclusive to old 
stands (N=28), these older seral stages will 
require special management attention to ensure 
the survival of these species. 

Nonvascular Species and Decay Stage 
As decay proceeded, species richness increased 
up to decay stage 6. By examining the changes in 
species and ecological groups with decay stages, 
we can describe a successional pathway. There 
are two temporal factors explaining the pattern of 
species richness (Figure 6.6): stand age and decay 
stage of coarse DWM. Many nonvascular species 
are slow-growing (Larson 1984) and an 
ecosystem requires time to develop a suitable 
combination of factors for optimal growth. Time 
is also required for species to colonize habitats 
and for coarse DWM of decay stages five, six, 
and seven to be colonized by nonvascular 
species, but these decay stages may also be 
unique in the chemical and physical composition 
of their substrates and their specific 
microclimates, such as moisture regimes and 
surface texture. Many species may only 
successfully colonize a particular substrate when 
all biophysical conditions are suitable at exactly 
the same time, which is likely rare. Such 
conditions include dispersal ability, wind speed, 
surrounding substrates (i.e., decay stages and 
densities), moisture levels of the substrates and 
the surrounding stand, species colonizing 
adjacent substrates, and conditions suitable for 
germination (i.e., light, water, nutrients). Many of 
these factors co-vary. The likelihood of all these 
factors being suitable for nonvascular species 
colonization is greater in older aspen stands, as 
evidenced by our species distribution data. The 

many factors that are responsible for creating 
such an ecosystem would be difficult, if not 
impossible, to recreate by artificial means.  

The ecological groups provided an indication of 
the successional pattern on the logs. It is expected 
that epiphytes would occur in higher frequencies 
on logs in early stages of decay, as these species 
would be already present on the tree when it was 
alive. The epiphytes would then be replaced by 
epixylics, which are expected to have highest 
frequencies in intermediate stages of decay, once 
they have had time to become established. 
Terricolous species would be expected to then 
increase as decay proceeded and as the log was 
decomposing into the ground. The colonization of 
these species from the ground to the upper 
surface of a log densely covered by a 
combination of litter and other species would be 
relatively unimpeded. In temperate forests, 
however, epiphytes on aspen trees are relatively 
sparse (Crites, unpublished data) compared to 
epiphytes in old-growth conifer forests (see Pike 
et al. 1975; Lesica et al. 1991; McCune 1993) 
because epixylics and ground species will 
completely colonize the available substrate to the 
point that no wood or humus is visible. 

Our results showed that epiphytes did not exhibit 
a continual decline with increasing decay (Figure 
6.7). Epiphytes increased in abundance (i.e., area 
covered by individual species) until decay stage 
three, coupled with an increase in frequency (i.e., 
number of species). This is likely because of the 
low sample size of logs in decay stages one and 
two (18 and 33 logs, respectively). More logs 
would have to be sampled to reflect the true 
epiphytic distribution found on live trees. 

Epixylic species exhibited a trend similar to the 
expected pattern. They did not find logs suitable 
for colonization until decay stage two, when two 
species were able to colonize (Figure 6.7). 
Conditions were optimal at decay stages four to 
six with 10, 11, and 10 species, respectively, 
found growing on coarse DWM. These decay 
stages consist of logs with little to no bark, 
making them unsuitable for most epiphytes. 
There is little known about the effect of 
decomposition substances on bryophytes and 
lichens. It has been suggested that decomposition 



 

 111 

products may control the sequence of bryophytes 
on some logs (Muhle and Le Blanc 1975). 

Terricolous species increased to a maximum of 
32 species at decay stage seven (Figure 6.7). The 
presence of terricolous species in early decay 
stages can be explained by the sampling method 
used. Many terricolous species were found 
growing on live tree bases. That is, they were 
growing on the ground or decomposing wood or 
humus that was surrounding a tree, and this 
would put them in a position to colonize the tree 
base. These species are unable to survive past the 
first few centimeters of a tree base, as they are 
restricted to that location by microclimate 
(Richardson 1981). Once a tree falls to the forest 
floor and becomes part of the DWM, ground 
mosses remain attached to the base of the tree. 
With our sampling method, the portion of the log 
that intersected the transect was sampled, 
regardless of the portion of the previously 
standing tree from which it came. Therefore, it is 
likely that many tree bases were sampled, 
explaining the existence of ground species in 
early decay stages. As decay continued, the wood 
decomposed to humus, providing moisture and 
nutrient-rich substrates that ground species thrive 
in. 

Liverworts had a maximum number of five 
species on decay stage five (Figure 6.8), and six 
species were found in old stands, compared to 
four found in young and three found in mature 
stands. Both Lesica et al. (1991) and Söderström 
(1988a) found liverworts to be the most sensitive 
taxonomic group to microclimate and substrate, 
and the most likely to be threatened in managed 
stands. This is because most liverworts are 
epixylic,  and suitable epixylic habitat occurs 
only in intermediate stages of decay (Söderström 
1988a). It has been suggested that logs in 
intermediate stages of decay may be scarce in 
managed stands (Söderström 1988b), and that 
epixylic liverworts, in particular, may be 
threatened by intensive forest management 
(Muhle and Le Blanc 1975; Lesica et al. 1991). 
Managed stands will not have the same 
microclimate found in old stands, which these 
liverwort species seem to prefer. These sensitive 
species need to be considered in future forest 
management plans.  

Discriminant Analysis of Decay Stages 

There were predictable assemblages of 
nonvascular species on four of seven decay 
stages. That is not to say that the remaining decay 
stages were not used by the species, but there 
were not distinct and predictable groups 
inhabiting decay stages one, four, and five. The 
observed variables that did serve to discriminate 
the first two canonical axes (bark, wood, and 
herbs) broadly define the difference between 
early and later decay stages. Early decay stages 
were typically uncolonized; therefore, bark and 
wood were sampled most, while later decay 
stages experienced increased colonization by 
herbs. The overall low classification success 
(53%) of the canonical model indicates that these 
species distributions and abundances were 
variable and not highly predictable. None of the 
three variables that were highly related to the first 
two canonical axes is a nonvascular species; 
therefore, the variance in bark, wood, and herbs 
predicts a significant amount of variance in 
nonvascular species. The factors controlling the 
species distributions are likely complex and 
difficult to identify in a field study. Dispersal and 
substrate availability need to be closely 
examined. For species to survive on a spatially 
patchy and temporary substrate, suitable 
substrates need to be in close proximity, and 
dispersal needs to be efficient. Vegetative 
dispersal alone will not be sufficient to ensure the 
survival of a population in an aspen forest.  

Throughout all decay stages. there was a 
successional trend in the distributions of species. 
Assemblages were being succeeded and replaced, 
or the abundances were decreasing while others 
were increasing. The expected pattern is one of 
gradual decline in epiphytes, but this was not 
demonstrated except for the more common 
species of epiphytes which decreased with 
increasing decay. Söderström (1988a) concluded 
that epixylics colonize early after the tree has 
fallen down and increase in both frequency and 
abundance until a peak is reached in early or mid 
decay stages. In mid decay stages, logs are 
usually dominated by epixylics. Our results 
support Söderström's (1988a) findings. Epixylics, 
particularly the sensitive liverwort group, 
colonized intermediate stages, while terricolous 
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species increased with increasing humification of 
the log.  

Portions of logs in advanced stages of decay may 
not be completely colonized by epixylic or 
ground mosses. Such areas may still support the 
epiphytes that were growing on it when the tree 
fell. Bark can fall off in random patches and there 
may be some small patches of bark remaining on 
logs in advanced stages of decay. These epiphytic 
lichens may have been located in a position on 
the log that had an unfavorable microclimate or 
was inaccessible to dispersing spores. Another 
consideration is the low sample size of logs in 
early decay stages. There were only 18 and 33 
logs sampled in decay stages one and two, 
respectively. Decay stages three to seven had log 
numbers ranging from 126 to 178. 

Although discriminant analysis results indicate 
that there were only four useful decay stages 
based on species groups, the descending pattern 
as shown in Figure 6.11 suggest otherwise. What 
this may indicate is that groupings of species are 
not predictable, but every decay stage is used by 
a host of species with high intergradation. 
Perhaps all these stages were essential for the 
observed species patterns to occur. If particular 
decay stages are absent, spores may not be able to 
germinate on the substrate because another 
species may be occupying that site, or other 
conditions of the coarse DWM are not suitable. 
Our results are similar to Söderström's (1989). He 
found that of 18 species found on down logs, 
most occurred throughout the entire range of 
measured decay stages. Our conclusion is that, 
once we know the distribution of coarse DWM 
and nonvascular species in natural systems, a 
reconstruction of appropriate substrate and 
microclimate will produce the same species. 
However, we do not know, and probably never 
will know, the factors controlling the species 
distributions other than substrate, given that fine-
scale microclimatic factors are difficult to 
measure, as are reproductive capabilities. The 
host of microclimatic variables that control 
species distributions are difficult to measure, but 
other studies have shown that time is an 
important element. It takes time for an ecosystem 
to develop suitable conditions conducive to 
nonvascular species colonization. Important 
variables identified in other studies are stand age, 

continuity of forest attributes (time since 
disturbance), canopy cover, and abundance of 
down logs (Gustafsson et al. 1992a; Soderstrom 
1988a, 1988b; Selva 1994). Most can be 
reconstructed except for time since disturbance. 

Substrate Separated from Stand Age 
When log numbers were equalized between stand 
ages, species richness decreased in all stand ages. 
Old stands, however, remained the most species 
rich (N=56), and had the greatest number of 
exclusive species (N=21). Of the 50, 45, and 56 
species found in young, mature, and old stands, 
respectively, with equal numbers of logs, 21 
species were found in all three ages.  

The CRD indices indicated that all decay stages 
were dissimilar. The CRD dissimilarity index 
puts greater importance on the relative 
proportions of species on logs and less 
importance on their absolute quantities (Ludwig 
and Reynolds 1988). Species richness within 
decay stages across stand ages would be very 
misleading without also examining composition 
and abundance. None of the decay stages had 
dissimilarity indices that were close to 0, which 
would have indicated the decay stages were 
identical between two stand ages based on 
species composition and abundance. The number 
of shared species across decay stages within 
stand age ranged from four to 11, or 15–55%, 
which is low considering the number of species 
ranged from 14–30. This relatively low value of 
shared species, when combined with the 
dissimilarity indices results, indicates that the 
stand ages differed in species composition and 
abundance. That is, a log of a particular decay 
stage in a young stand was different from a log of 
the same decay stage in either a mature or old 
stand. 

These results indicate that nonvascular species do 
not depend only on structural attributes such as 
decay stages and their distributions. Stand age, or 
time since disturbance, is also an important factor 
governing nonvascular species composition and 
abundance. Each stand age had a unique 
component of nonvascular species composition 
and abundance. If time was not an important 
element to nonvascular communities, we would 
expect there to be many more shared species 
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between age classes and lower dissimilarity 
coefficients, when equal numbers of logs are 
sampled in each age. These results are unique 
because other studies have not attempted to 
separate the importance of structural attributes, 
such as substrate, from the importance of stand 
age. 

The old aspen stands of this study provided a 
greater diversity of substrates for nonvascular 
species colonization. The substrates were 
valuable as evidenced by the greater species 
richness in old stands and greater number of 
exclusive species. This study also demonstrated 
that there are unique species assemblages on 
some of the coarse DWM, but all of the decay 
stages identified were used by some species. Old 
stands provided the greatest diversity of 
substrates; therefore these stands have the 
potential to be colonized by the greatest number 
of species. Rarity in nonvascular species is 
dependent on habitat occurrence (Vitt 1991). 
Species persistence depends on effective 
colonization and establishment rates, together 
with high extinction rates (caused by the 
temporary nature of the habitat) (Vitt 1991). The 
greater the diversity of substrates available for 
colonization, and the more abundant the 
substrate, the greater the chance of successful 
dispersal. These conditions are met in old stands 
of aspen more so than in mature stands. Young 
stands have abundant substrates, but they are not 
diverse. That is, in young stands most of the logs 
are of small diameter or are in early decay stages. 
Mature stands have a greater substrate diversity 
than young stands, but coarse DWM is of low 
density. Old stands fulfill both criteria, having the 
highest substrate diversity (range of diameter and 
decay) and high substrate abundance (Figure 6.3). 

When substrate was separated from stand age, all 
ages appeared to have unique assemblages of 
nonvascular species, with few species being 
shared across decay stages within stand ages. 
Therefore, nonvascular communities depend on 
substrate and stand age. It is within stand ages 
that microclimatic conditions may be unique, 
resulting in unique species assemblages. It would 
be valuable to examine microclimate in more 
detail, as well as ecological requirements of 
unique species.  

Recommendations for Harvest 

The survival of rare species of nonvascular 
communities in managed boreal forests will 
require careful management. Old aspen 
mixedwood stands are of particular concern due 
to their substrate types and because they will be 
brought into rotation first. Managers need to 
ensure there is adequate representation of old 
aspen mixedwood stands both spatially and 
temporally because these stands are the only ones 
with the necessary diversity of substrate types 
and enough time to develop certain nonvascular 
communities. Some of the things we cannot 
define for managers are: how many stands are 
needed, how big they need to be, and in what 
proximity to each other. Our lack of knowledge 
in these areas emphasizes the need for 
conservative management. 

Given what we know about dispersal of 
bryophytes and lichens, the juxtaposition of 
stands should be an important consideration. For 
a species to persist in an area, extinctions must be 
balanced by colonization and dispersal from 
outside. Therefore, old stands should not be 
isolated; that is, they should be surrounded by 
stands of different ages, not just young stands. It 
has been demonstrated by Gustafsson (1994) that 
young stands are not useful for dispersal, likely 
because they are not useful for colonization. If an 
older stand is surrounded by a clearcut, species 
within the old stands will not be able to disperse 
outside the stand. One conclusion by Gustafsson 
et al. (1992) was that small areas of old forest can 
be more important as dispersal sources than 
larger areas of young forest. It follows that to 
ensure survival of nonvascular populations, 
suitable substrates need to be available, old age 
classes need to be present, and old stands should 
not be completely isolated. 

We do know that old aspen stands have unique 
assemblages of nonvascular species that are not 
entirely related to structural attributes. Therefore, 
recreating old stands by leaving structure on 
cutblocks, or by speeding up succession by 
planning for high structure in younger aged 
stands, may be insufficient to ensure survival of 
these plant communities. Some old aspen 
mixedwood stands should be allowed to escape 
harvest to serve as ecological bench marks and 



 

 114 

source areas for maintenance of this nonvascular 
component of diversity. In the future, some 
forests that have been harvested should be 
allowed to develop to old age before the next 
cutting. These managed forests should be closely 
monitored to determine whether maintenance of 
stand structure in the form of downed logs in 
cutover areas is sufficient to allow recolonization 
by rare nonvascular species. 
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7. BIRD SPECIES RICHNESS AND ABUNDANCE IN RELATION TO STAND AGE AND 

STRUCTURE IN ASPEN MIXEDWOOD FORESTS IN ALBERTA. 

Jim Schieck and Marie Nietfeld 

Abstract 

Point counts were used to survey birds in young 
(20–30), mature (50–65), and old (120+) aspen 
mixedwood stands in Alberta. Old stands had 
greater bird species richness than young stands, 
which had greater richness than mature stands. 
Variation in abundance among stand ages was 
evaluated for 33 bird species that were detected 
ten or more times. Nine species had their highest 
abundance in young stands, with three of those 
species more than four times as abundant in 
young stands than they were in the other two 
stand ages. Twenty-one species had their highest 
abundance in old stands, with nine of those 
species more than four times as abundant in old 
stands than they were in the other two stand ages. 
Only three species had their highest abundance in 
mature stands and, for those species, abundance 
did not differ greatly among stand ages. If forest 
harvesting results in a reduced amount of old 
stands in the landscape, then some boreal forest 
birds may be detrimentally affected. 

Variation in bird abundance among stand ages 
may have been caused by variation in vegetation. 
The major successional pattern of variation in 
forest community attributes involved a decrease 
in density of live trees and an increase in height 
of canopy trees. Density of large live trees, large 
dead trees, and large down woody material 
(DWM) were positively, but only moderately, 
related to successional stage. The second major 
successional pattern of variation in forest 
community attributes involved canopy 
heterogeneity; old stands had the highest canopy 
heterogeneity, young stands had intermediate 
canopy heterogeneity, and mature stands had the 
lowest canopy heterogeneity. Many attributes of 
dead trees (snags and DWM) and understory 
plant communities were correlated with variation 
in canopy heterogeneity. 

For most species of birds, abundances were 
associated with variation in one, or both, of the 
two major successional patterns of forest 

community attributes. Abundance of 20 bird 
species were correlated with successional stage, 
and abundance of 14 bird species were correlated 
with canopy heterogeneity. Ten of the 21 species 
that were most abundant in old stands preferred 
conifer-dominated mixedwood forests during the 
breeding season, and they may have been most 
abundant in old stands because those stands 
contained many conifer trees. Due to the high 
covariance among forest community attributes, 
however, it was not possible to evaluate which 
attribute, or group of attributes, were responsible 
for changes in bird abundance. To evaluate the 
relative importance of each forest community 
attribute independent of other attributes, the 
covariance among these attributes would have to 
be uncoupled using experimental manipulations. 

Canopy heterogeneity and five of the forest 
community attributes associated with 
successional stage can be manipulated during 
forest harvest. All of these attributes may affect 
bird abundance. Consequently, even when large-
scale pulp and paper operations reduce the 
amount of old stands in the landscape, the 
impacts of logging on boreal forest birds can be 
reduced through forest harvest practices that 
leave more live trees, dead trees, conifer trees, 
and DWM, and that create canopy gaps in young 
and mature stands.  

Introduction 

Aspen mixedwood forests are widespread 
through the boreal forest zone of North America 
(Peterson and Peterson 1992) and have one of the 
most diverse communities of breeding birds on 
the continent (Robbins et al. 1986). However, 
limited information on habitat requirements of 
boreal forest birds is available. Thus, predicting 
changes in bird communities throughout 
succession of aspen mixedwood forests is 
difficult and one can only speculate on the 
impacts that forest harvest operations will have 
on birds. Older aspen stands may have the most 
resources for birds that nest in canopies or 
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cavities of trees and/or that feed on arthropods 
within canopies or within decaying wood because 
old stands have larger trees, more large snags 
(standing dead trees), and more down woody 
material (DWM) than do younger aspen stands 
(Kirby et al. 1957; Flack 1976; Chapters 3, 4, 6). 
In addition, old aspen stands have greater spatial 
complexity of live and dead material than that 
found within younger aspen stands (Peterson and 
Peterson 1992; Chapters 3–6); that complexity 
may allow more bird species to co-exist in older 
than in younger stands (Flack 1976). 

Abundance and spatial distribution of live and 
dead vegetation within aspen stands, however, 
are not linearly related to stand age. Fires kill 
trees in spatially heterogeneous patterns (Kelsall 
et al. 1977; Murphy 1985) such that, following 
fires, some large live trees and large snags remain 
from the previous stand (Rowe and Scotter 1973; 
Kelsall et al. 1977; Westworth and Telfer 1993; 
Chapter 3). During the 50 years following a fire, 
most of the large pre-fire cohort of live trees die 
and the snags fall, resulting in mature aspen 
mixedwood stands being characterized by 
moderate sized live trees (i.e., aspen trees that 
developed from root suckers following the fires), 
many small snags (i.e., snags produced by self-
thinning within the post-fire cohort of trees; 
Chapter 4), and few gaps in the canopy (Peterson 
and Peterson 1992). As mature stands grow older, 
self-thinning of canopy trees becomes less 
common, large canopy trees become diseased 
(Peterson and Peterson 1992) and some die and 
fall, creating gaps in the canopy. Canopy gaps 
allow more light to reach the forest floor, 
resulting in shrubs, aspen suckers, and grass 
becoming abundant in those areas (Peterson and 
Peterson 1992; Chapter 3, 5). Thus, under natural 
conditions, the complexity of live and dead 
vegetation in aspen mixedwood forests may be 
moderate when stands are young, decline as the 
stands mature, and then increase to the highest 
level in old stands (Plates 5, 6, 7). Although not 
well studied, similar patterns of richness and 
abundance for birds may be expected. 

Identifying both the habitat requirements of birds 
and how bird communities change throughout 
succession within Alberta's aspen mixedwood 
forests is urgent because the pulp and paper 
industry has begun to conduct large scale, short 

rotation logging in these forests (Anonymous 
1991). Under a regime of maximum fiber 
extraction, rotation ages for aspen mixedwood 
stands are 60–80 years (Peterson and Peterson 
1992), and with the present harvesting 
regulations, most of the above–ground woody 
material is removed from cut-over areas 
(Anonymous 1986). In contrast to harvesting 
practices, wildfires and insect outbreaks leave 
abundant residual trees, snags, and logs in the 
regenerating stand (Peterson and Peterson 1992; 
Chapter 3–6). If boreal forest birds have adapted 
to natural disturbances they may be less viable in 
regenerated stands following harvest than in 
regenerated mixedwood stands following natural 
disturbances. 

Harvest practices can be implemented to produce 
forests more similar to those found after natural 
disturbances, and thus increase the quality of 
harvested areas to birds, but first we must 
determine how birds respond to changes in 
vegetation. Relationships between bird 
abundance and vegetation can be evaluated most 
rigorously by sampling birds within areas where 
the amount and distribution of vegetation has 
been manipulated experimentally (Walters and 
Holling 1990; Eberhardt and Thomas 1991). 
However, because large scale forest harvesting 
has not been conducted previously within aspen 
mixedwood forests in Alberta, those experimental 
conditions are not currently present. 
Consequently, we explored relationships between 
forest community attributes and bird abundances 
in stands that regenerated following wildfires. 
This correlative study, although less rigorous 
than an experimental study (Eberhardt and 
Thomas 1991), should indicate which forest 
community attributes co-vary with bird species 
presence and abundance in natural systems. 
Knowing those relationships, we can determine 
which forest community attributes to manipulate 
when designing rigorous experiments.  

In this study we first compared bird species 
richness (number of bird species present) and 
indices of abundance (number of individuals 
detected per observational period; hereafter 
called abundance) among young, mature, and old 
stands. Birds were categorized based on their 
behaviour and habitat distribution to evaluate 
whether specific groups of bird species increased 
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or decreased in abundance throughout forest 
succession. Many of the successional changes in 
bird abundance may have been due to 
successional changes in vegetation. 
Consequently, we used multivariate techniques to 
describe successional changes in forest 
community attributes. In addition, we conducted 
a set of multivariate analyses for each bird 
species to evaluate whether variation in 
abundance was related to variation in the forest 
community attributes. To highlight forest 
community attributes that could be manipulated 
during forest harvest operations we re-evaluated 
relationships between bird abundance and forest 
community attributes including only the six forest 
community attributes that could be manipulated 
easily during forest harvest. 

Methods 

Methods used to select study areas are presented 
in Chapter 1.  

Bird Sampling  
Breeding birds were surveyed using point counts 
(Hutto et al. 1986) three times during each of 
1992 and 1993. To reduce the number of 
migrants and fledglings that were recorded in the 
breeding bird surveys, point counts were 
conducted between 18 May and 23 June (i.e., 
started after the northern migrants had passed 
through the area (Semenchuk 1992) and ended 
before most young had left their nests and family 
groups began to move throughout many habitat 
types (Best 1981; Ekman 1981). Surveys were 
conducted by two teams of observers, each team 
surveying a single stand (six sites) during a 
morning. Observers were trained, and the 
methods standardized prior to conducting 
surveys. Point counts began 30 minutes before 
sunrise and ended by 0900 h. After arriving at a 
site, the observers waited three minutes, then 
noted the locations of all species that were seen 
or heard within 100 m of the point count station 
during the next 10–minute interval on maps of 
the study sites. As much as was possible, 
individual birds were counted only once and 
movements were noted. Bird vocalizations that 
could not be identified were recorded using 
parabolic microphones and identified later by 
comparing them to known vocalizations from 
local birds. In addition, observers attempted to 

locate and identify unknown birds visually after 
the end of each survey. 

Surveys were not conducted during windy 
conditions because noise from the trees and 
branches reduced the detectability of birds 
(Robbins 1981a; Ralph et al. 1993) or during 
precipitation because vocalization rates of birds 
were low under those conditions (O'Connor and 
Hicks 1980; Robbins 1981a). Vocalization rates 
of birds can vary throughout the morning (Grue et 
al. 1981; Robbins 1981b; Skirvin 1981), and 
consequently the sequence that sites were 
surveyed was varied systematically among 
sampling periods. Tree swallow (see Appendix III 
for scientific names) and common nighthawk 
were detected foraging within canopy gaps. 
These species, unlike other forest birds, may not 
land on the ground or in trees while foraging 
(Godfrey 1986; Semenchuk 1992). Consequently, 
these species were included in the analyses when 
they were detected foraging within 100 m of the 
point count station. Individuals from other 
species (e.g., common raven) that flew over, but 
that did not land in a tree or on the ground, were 
not included in the analyses.  

Analyses 
Throughout this chapter, relationships have been 
called statistically significant if the probability of 
them occurring by chance was less than 0.05. In 
addition, we have followed suggestions by Cohen 
(1988) and called correlations >0.30 but ≤0.50 
moderate and correlations >0.50 high. Tests were 
not conducted for species that were detected 
fewer than ten times because observations in non-
typical habitats may have influenced the results 
for species that were detected few times. 

Variation In Species Abundance Among Stand 
Ages  
Differences in bird abundances among the three 
ages of aspen mixedwood stands were evaluated 
using Kruskal-Wallis tests. Probabilities of 
detecting vocalizations were lower in young 
stands than in mature or old stands for high-
frequency vocalizations that were produced 100 
m from the observer (Schieck, unpublished data). 
However, detectability did not differ among stand 
ages when the vocalizations were produced 50 m 
from the observer (Schieck, unpublished data). 
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That resulted in trade-offs in our analyses 
between the power of the tests (i.e., sample size) 
and detectability biases because, in the present 
study, 70% of the individuals detected within 100 
m were further than 50 m from site centers. 
Therefore, we performed analyses at two levels; 
first using all individuals that were detected 
within 100 m of site center and second using only 
individuals that were detected within 50 m of the 
site center. We then compared results between 
those two analyses.  

We grouped species based on a combination of 
stand age in which they were most abundant and 
the magnitude of their differences in abundance 
among stand ages. Species that were detected 
more than four times as often in one stand age 
than in either of the other two stand ages were 
categorized as having large differences in 
abundance among stand ages. Species that were 
detected between two and four times as often in 
one stand age than in either of the other two stand 
ages were categorized as having moderate 
differences in abundance among stand ages. If the 
number of detections differed by less than two-
fold among stand ages, then the species was 
categorized as having small differences in 
abundance among stand ages.  

To order species within the above categories, 
more complex methods were needed. Two 
methods have been used previously (Friend 1993; 
Wunderle and Waide 1993), and it was not 
obvious which of those two methods was best. 
Consequently, we ranked species using both 
methods and used the mean of the two ranks to 
order species. The first set of ranks were 
calculated using  

 log [2*O/{M+Y}]-log[2*Y/{M+O}],  

where Y, M, and O were the number of times that 
a species was detected in young, mature, and old 
stands, respectively (modified from Friend 1993). 
If the number of detections for a species was 
equal in all stand ages, then both ratios would 
have had a value of one and the difference 
between the logarithms of the ratios would have 
been zero. If a species was detected more often in 
old stands than it was in mature and young 
stands, then the difference between the 
logarithms of the ratios would have been positive. 
The converse would have been true if a species 

was detected more often in young stands than it 
was in mature and old stands. 

The second set of ranks was calculated using the 
Shannon-Wiener information measure (Wunderle 
and Waide 1993) as follows: 

H'= ∑ pi log pi where H'= the information 
measure, and pi = the proportion of detections 
within the i

th
 category. 

H' would have been high if detections were 
randomly distributed among stand ages and low if 
detections were non-randomly distributed. Values 
of H' by themselves, however, could not be used 
to determine the stand age where abundance was 
highest. Consequently, we divided species into 
two groups based on whether they were detected 
most often in young or old stands. The rank of a 
species was then determined first based on 
whether it was detected most often in young or 
old stands, and second, based on its H' value. 

For both methods, ranks of species that were 
detected few times were sensitive to additions or 
deletions of observations. As a compromise 
between obtaining robust values for ranks, versus 
excluding many species from the analyses, we 
chose to determine ranks only for species that 
were detected ten or more times. With that 
criterion, and if use of stand ages had been 
random, we would have expected at least three 
detections for each species in each of the stand 
ages. 

To evaluate whether the "type of species" 
differed among stand ages, we used information 
from published studies to categorize the 
behaviours of species. When possible, we used 
studies that had been conducted in the boreal 
forests north of the Canadian prairies, but when 
information was not present from that region we 
relied on studies from other geographic regions. 
Species were categorized based on: (1) whether 
they were most abundant in conifer dominated 
mixedwood forest, deciduous dominated 
mixedwood forest, or of similar abundance in 
conifer and deciduous dominated mixedwood 
forests during the breeding season (Hobson 1994; 
although information from Francis and Lumbis 
(1979) and Semenchuk (1992) were used for 
species that were rarely detected by Hobson), (2) 
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their expected abundance within aspen 
mixedwood forests near Lac La Biche 
(Semenchuk 1992), (3) locations of their 
wintering areas (Godfrey 1986; Partners In Flight 
1993), (4) their expected nest location (Godfrey 
1986; Campbell et al. 1990; Semenchuk 1992), 
and (5) their general foraging habits (Godfrey 
1986; Campbell et al. 1990; Semenchuk 1992). 
We used analyses of variance to evaluate whether 
the ranks differed among categories.  

Variation In Species Abundance In Relation 
To Forest Community Attributes 
More than 200 forest community attributes were 
sampled at multiple random locations within 100 
m of each site (Chapters 3–5). Analyses became 
unwieldy, however, when all forest community 
attributes were included. Consequently, we 
selected a reduced set of 12 forest community 
attributes to be compared with bird abundance. 
When choosing the reduced set of forest 
community attributes, priority was given to 
attributes that previous studies had found to be 
important. In addition, when possible, attributes 
that summarized a group of forest community 
attributes were used (e.g., total herb cover rather 
than using cover for each herb species). For each 
of the forest community attributes we used the 
median at each site because the distributions of 
data were not normal and the 95% confidence 
intervals around the mean values often excluded 
more than half of the observations.  

To have analyses that were consistent for 
mammal and bird species (Chapters 7–11) we 
included forest community attributes that were 
expected to be related to the abundance of either 
birds or mammals. Tree (DBH <20 cm) density 
(number/ha) was included because high tree 
density may provide visual cover for moose 
(Philips et al. 1973). Tree height (m) was 
included because many bird species nest and feed 
in the canopy (Semenchuk 1992) and the amount 
of leaf and woody material in the canopy is 
positively related to tree height. Tree density, 
however, was highly correlated with tree height 
(r=–0.94); thus, to reduce the number of 
attributes, only tree density was included in the 
analyses. Densities of birch (number/ha), and 
conifer trees (number/ha) were included as 
independent forest community attributes because 

the flora and invertebrates associated with birch 
and conifer trees differ from the flora and 
invertebrates associated with aspen (Conner et al. 
1975; Raphael and White 1984). Densities of 
large (DBH >20 cm) trees (number/ha) and large 
(DBH >20 cm) snags (number/ha), and volume of 
large (diameter >20 cm) DWM (m3/ha) were 
included because some birds (Raphael and White 
1984; Bull et al. 1992; Conway and Martin 1993) 
and mammals (Corn et al. 1988; Pattie and 
Hoffman 1992) were expected to nest within or 
forage on large trees, snags, and DWM. Volume 
of small (diameter <20 cm) DWM (m3/ha) was 
included because this material provides a 
structured environment for many small mammals 
(Wolff and Hurlbutt 1982; Hayes and Cross 
1987). Percent of the ground surface covered by 
herbs and by grasses was included because herbs 
and grasses may influence nest placement and 
predation for ground nesting birds (Keppie and 
Herzog 1978; O'Reilly and Hannon 1989) and are 
used as forage by mammals (Nagorsen and 
Peterson 1981; Yahner 1986). Density of willow 
and shrubs/saplings (number of stems/25 m2) that 
were greater than 1.0 m in height and <10.0 cm 
DBH were included because shrubs/saplings were 
used for nest sites by many bird species (Godfrey 
1986; Campbell et al. 1990; Semenchuk 1992) 
and were used as forage for ungulates (Philips et 
al. 1973; McNichol and Gilbert 1980). Shrub 
species richness was included because a diverse 
shrub community may be necessary to provide 
forage for ungulates (Halls 1973).  

Data for bird abundance were not normally 
distributed; most species were absent from many 
sites, and when present at a site they usually were 
observed only one or two times. Consequently, 
we have categorized data on bird abundance as 
present or absent for species that were observed 
between 10 and 50 times; as 0, 1, or >1 for 
species that were observed between 51 and 100 
times; and into four categories (with break-points 
between categories determined so that 
approximately 25% of the observations were 
present in each category) for species that were 
observed more than 100 times. We did not 
calculate relationships for bird species that were 
observed fewer than 10 times because the power 
of those analyses would have been low and a 
single detection in a non-typical location may 
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have biased the results. For each of the bird 
species, we have used canonical discriminant 
analyses to compare abundance categories at each 
of the 72 sites with the forest community 
attributes at the sites.  

Variation In Species Abundance In Relation 
To Forest Harvest Attributes 
Forest community attributes that could be 
manipulated most easily during forest harvest 
operations (hereafter called forest harvest 
attributes) include leaving standing live trees, 
standing snags, and DWM in harvested areas. 
The sizes and species composition of the residual 
trees, snags, and DWM also may affect bird 
abundance (Conway and Martin 1993) and those 
factors also can be manipulated relatively easily 
during harvest. Finally, canopy gaps, and the 
resulting spatial heterogeneity in forest 
vegetation (Huenneke 1983; Stewart 1988), may 
influence the presence and abundance of bird 
species (Levey 1988). Canopy gaps may be 
created by cutting groups of canopy trees in 
young and mature stands, or possibly by leaving 
groups of large live trees at harvest with the 
expectation that those large trees will die and fall 
to create canopy gaps within young and mature 
stands. Consequently, we have evaluated whether 
bird abundance was related to (1) tree (DBH >20 
cm) density, (2) conifer tree density, (3) birch 
tree density, (4) snag (DBH >20 cm) density, (5) 
DWM (diameter >20 cm) volume, and (6) 
shrub/sapling density. We have used 
shrub/sapling density as our measure of canopy 
heterogeneity because shrubs/saplings are most 
abundant in areas where direct sunlight reaches 
the forest floor (Huenneke 1983; Stewart 1988). 

We used logistic regression (SAS Institute Inc. 
1989) to evaluate relationships between bird 
abundance and the six forest harvest attributes. In 
those analyses, bird abundances were categorized 
as described above. The order and number of 
forest harvest attributes to be included as 
explanatory variables in the models was 
determined using a forward stepwise procedure, 
with backwards elimination, (Hosmer and 
Lemeshow 1989; SAS Institute Inc. 1989). Forest 
community attributes entered the models only if 
they reached the significance criterion of P<0.15 
and were removed from the model in subsequent 

steps if they no longer met the significance 
criterion of P<0.15. We followed suggestions by 
Hosmer and Lemeshow (1989:108) and used 
probability levels greater than 0.05 when building 
models.  

Results 

Comparisons Of Species Richness And 
Abundance Among Stand Ages 
Fifty-seven bird species were detected during 
point counts with similar numbers of species 
detected during 1992 (N=48) and 1993 (N=50). 
Twenty-seven species were detected in all three 
stand ages, and 15 species were detected in two 
of the three stand ages (Table 7.1). Eleven 
species were detected only in old stands, four 
species were detected only in young stands, and 
no species were detected only in mature stands 
(Table 7.1). Thirty-three species were detected 
more than ten times within 100 m of the point 
count stations and those species were ordered 
from most abundant in young stands to most 
abundant in old stands (Table 7.2). A species 
rank was similar, although not identical, for the 
two methods we used to rank them (Pearsons' 
correlations between the two sets of ranks: 
r=0.94). In addition, categories based on the 
combination of the stand age where the species 
was most abundant and the magnitude of 
difference in abundance among the stand ages 
were consistent with the mean ranks for the 
species. The number of individuals detected 
differed among stand ages for 25 of the 33 
species (Table 7.1) that were detected more than 
10 times. As expected, the significance values of 
tests involving differences among stand ages 
were negatively related to number of times the 
species were detected (F=6.5, df=1, 32, P=0.02; 
Figure 7.1). Thus, if sampling intensity had been 
greater, more of the species with few detections 
may have had statistically significant differences 
in abundance among stand ages.  

Six species were most abundant in young stands 
and had either large or moderate differences in 
abundance among stand ages (Figure 7.2). Within 
that group, tree swallow had the largest 
difference in abundance among stand ages and 
was not detected in old stands. Fourteen species 
were most abundant in old stands and had either 
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large or moderate differences in abundance 
among stand ages (Figure 7.2). Within that group, 
the five species having the largest differences in 
abundance among stand ages were not detected in 
young stands and one species (brown creeper) 
was not detected in either young or mature stands 
(Figure 7.2). Thirteen species had only small 
differences in abundance among stand ages. 
Three of those 13 species were most abundant in 
young stands, three were most abundant in 
mature stands, and seven were most abundant in 
old stands (Figure 7.2). Seven species (cedar 
waxwing, rose-breasted grosbeak, Tennessee 
warbler, white-throated sparrow, Lincoln's 
sparrow, brown-headed cowbird, and yellow-
bellied sapsucker) did not fit the typical pattern 
of unimodal changes in abundance throughout 
succession. Those species had more than twice as 
many detections in young and old stands than 
they had in mature stands (Figure 7.2, Table 7.2).  

To evaluate whether biases in detectability 
affected comparisons of species abundance 
among stand ages, we have used data from within 
50 m of the point count stations and re-evaluated 
whether species differed in abundance among 
stand ages. Only 46 species were detected within 
50 m of the point count stations. For all species, 
patterns of differences in abundance among stand 

ages that were found using the reduced data set 
were similar to those found using detections from 
within 100 m of the point count stations. As 
expected, however, fewer species (N=21) had 
sufficient data (>10 detections) to evaluate 
differences among stand ages, and with the 
smaller sample sizes fewer species (N=15) had 
statistically significant differences among stand 
ages. Consequently, we chose to do subsequent 
analyses using detections within 100 m of the 
point count stations. 

Old stands had the greatest, mature stands the 
least, and young stands an intermediate species 
richness (51, 34, 41, respectively). Measures of 
species richness, however, were confounded by 
species abundance. Number of stand ages in 
which a species was detected was positively 
related to the number of times the species was 
detected (Figure 7.3; logistic regression 2=16.8, 
P<0.001, df=2). Twenty-seven of the 31 species 
that were detected fewer than 20 times were not 
detected in all stand ages, whereas all but three of 
the 26 species detected more than 20 times were 
detected in all stand ages. In addition, for the 27 
species detected in all three stand ages, many 
detections (mean=8, range=5–73) were necessary 
before species were detected in all three stand 
ages.  
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TABLE 7.1. Number of individuals detected during point counts (within 100 m of the point count stations) in the 
breeding seasons of 1992 and 1993 within three age classes of aspen mixedwood stands in Alberta. Differences 
among stand ages were tested using chi-squared approximation for the Kruskal-Wallis tests (SAS Institute Inc. 1989) 
(df=2) and statistically significant relationships were indicated in bold face type. Blanks indicate that differences 
among stand ages were not tested because fewer than ten individuals were detected. 

Species Stand Age Kruskal–Wallis Test 

 Young Mature Old 2 P 

Accipitridae      

Cooper's Hawk 0 0 1   

Broad-winged Hawk 0 0 1   

Phasianidae      

Ruffed Grouse 24 3 1 17.6 <0.001 

Cuculidae      

Black-billed Cuckoo 0 0 1   

Caprimulgidae      

Common Nighthawk 1 0 1   

Picidae      

Yellow-bellied Sapsucker  25 7 50 21.2 <0.001 

Downy Woodpecker 0 1 5   

Hairy Woodpecker 0 0 6   

Northern Flicker 5 2 3 0.8 0.66 

Pileated Woodpecker 1 0 5   

Tyrannidae      

Olive-sided Flycatcher 2 0 0   

Alder Flycatcher 1 0 2   

Least Flycatcher 5 44 141 11.4 <0.01 

Hirundinidae      

Tree Swallow 24 1 0 39.8 <0.001 

Corvidae      

Gray Jay 4 14 10 2.6 0.27 

Blue Jay 3 1 2   

American Crow 2 0 0   

Common Raven 3 0 2   

Paridae      

Black-capped Chickadee 7 14 17 4.4 0.11 

Sittidae      

Red-breasted Nuthatch 0 2 17 14.6 <0.001 

White-breasted Nuthatch 0 0 3   

Certhiidae      

Brown Creeper 0 0 42 46.2 <0.001 

Troglodytidae      

House Wren 1 0 1   

Winter Wren 1 0 10 9.8 <0.01 

Muscicapidae      

Golden-crowned Kinglet 0 0 4   

Veery 0 0 1   

Swainson's Thrush 17 12 38 9.3 <0.01 

Hermit Thrush 88 27 14 34.0 <0.001 
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TABLE 7.1 (continued). 

Species Stand Age Kruskal–Wallis Test 

 Young Mature Old 2 P 

Bombycillidae      

Cedar Waxwing 16 1 5 10.5 <0.01 

Vireonidae      

Solitary Vireo 2 3 5 0.8 0.66 

Warbling Vireo 0 0 3   

Philadelphia Vireo 6 8 16 6.6 0.04 

Red-eyed Vireo 155 185 157 3.3 0.19 

Emberizidae      

Tennessee Warbler 12 4 11 2.9 0.24 

Orange-crowned Warbler 2 0 0   

Yellow Warbler 5 5 52 19.0 <0.001 

Magnolia Warbler  0 0 6   

Yellow-rumped Warbler 2 22 116 45.9 <0.001 

Black-throated Green Warbler 0 2 94 48.4 <0.001 

Blackpoll Warbler 0 0 1   

Black-and-white Warbler 27 1 2 22.3 <0.001 

American Redstart 1 2 24 14.7 <0.001 

Ovenbird 307 401 246 24.4 <0.001 

Connecticut Warbler 110 61 42 14.2 <0.001 

Mourning Warbler 23 25 87 19.4 <0.001 

Common Yellowthroat 2 0 0   

Canada Warbler 0 1 12 14.4 <0.001 

Western Tanager 0 3 15 14.9 <0.001 

Rose-breasted Grosbeak 92 6 35 41.8 <0.001 

Chipping Sparrow 4 5 18 4.6 0.10 

Lincoln's Sparrow 5 0 6 4.4 0.11 

White-throated Sparrow 217 106 323 32.5 <0.001 

Dark-eyed Junco 2 1 5   

Brown-headed Cowbird 8 1 13 6.8 0.03 

Fringillidae      

Purple Finch 1 1 0   

White-winged Crossbill 2 0 5   

Pine Siskin 8 31 41 14.3 <0.001 

 
 

 
FIGURE 7.1. Significance level of the Kruskal-Wallis tests in relation to the number of times the bird species were 
detected. Data are from point counts that were conducted within aspen mixedwood forests in Alberta. 
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TABLE 7.2. Stand age in which species were most abundant, species score and rank using Shannon-Wiener Index, 
species score and rank using the ratio of abundance in young stands to that in old stands, and mean of the two sets of 
ranks, within aspen mixedwood stands near Lac La Biche, Alberta. See Methods for details. 

Species Highest
a
 Shannon Wiener

b
 Young–Old Ratio

c
 Mean

d
 

Abundance  Index Rank Index Rank Rank 

Tree Swallow Young 0.17 1 15.61 1 1.0 

Ruffed Grouse Young 0.49 3 5.09 2 2.5 

Black-and-white Warbler Young 0.39 2 4.84 3 2.5 

Cedar Waxwing Young 0.71 4 2.20 5 4.5 

Hermit Thrush Young 0.83 6 2.87 4 5.0 

Rose-breasted Grosbeak Young 0.75 5 1.84 6 5.5 

Connecticut Warbler Young 1.02 9 1.47 7 8.0 

Northern Flicker Young 1.03 10 0.85 8 9.0 

Tennessee Warbler Young 1.01 8 0.15 10 9.0 

Ovenbird Mature 1.08 11 0.31 9 10.0 

Red-eyed Vireo Mature 1.10 12 –0.02 11 11.5 

Gray Jay Mature 0.99 7 –1.20 16 11.5 

Black-capped Chickadee Old 1.05 13 –1.18 15 14.0 

White-throated Sparrow Old 1.01 16 –0.68 13 14.5 

Solitary Vireo Old 1.03 14 –1.39 19 16.5 

Philadelphia Vireo Old 0.69 23 –0.36 12 17.5 

Lincoln's Sparrow Old 0.98 17 –1.35 18 17.5 

Swainson's Thrush Old 1.01 15 –1.52 20 17.5 

Brown–headed Cowbird Old 0.82 22 –0.93 14 18.0 

Yellow-bellied Sapsucker Old 0.87 20 –1.27 17 18.5 

Pine Siskin Old 0.90 19 –2.18 21 20.0 

Mourning Warbler Old 0.94 18 –2.25 22 20.0 

Chipping Sparrow Old 0.86 21 –2.44 23 22.0 

Yellow Warbler Old 0.66 24 –4.67 24 24.0 

Least Flycatcher Old 0.55 25 –4.88 26 25.5 

Yellow-rumped Warbler Old 0.51 26 –5.81 28 27.0 

American Redstart Old 0.30 30 –4.69 25 27.5 

Winter Wren Old 0.42 28 –5.34 27 27.5 

Western Tanager Old 0.45 27 –13.71 29 28.0 

Red-breasted Nuthatch Old 0.34 29 –14.29 31 30.0 

Canada Warbler Old 0.27 31 –14.26 30 30.5 

Black-throated Green Warbler Old 0.10 32 –17.62 32 32.0 

Brown Creeper Old 0.00 33 –25.20 33 33.0 

a  
stand age in which the species was detected most often. 

b  
see Methods 

c  
see Methods 

d 
mean from the Shannon-Wiener rank and Young–Old rank (see Methods) 
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FIGURE 7.2. Number of times bird species were detected during point counts within the three ages of aspen 
mixedwood stands in Alberta. Bird species were included only if they were detected on ten or more occasions and 
were ordered based on the amount their abundance differed among stand ages (see text). 
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FIGURE 7.3. Number of stand ages in which species were detected in relation to the number of times species were 
detected. Data are from point counts that were conducted within aspen mixedwood stands in Alberta. 

 

Species classified as preferring conifer dominated 
mixedwood stands during the breeding season 
had higher ranks than species classified as 
preferring deciduous dominated mixedwood 
stands or having little preference among conifer 
and deciduous dominated mixedwood stands 
(Table 7.3; F=94.3, P=0.02, df=2, 30; Student-
Newman-Keuls range test). Ten of the 11 species 
that preferred conifer dominated mixedwood 
stands were most abundant in old stands (Table 
7.3). Species that were classified as rare or 
uncommon (Table 7.3) tended to have higher 
mean ranks than those classified as common or 
abundant (F=3.8, P=0.02, df=3, 29). That 
relationship was confounded, however, because 
species that were classified as rare or uncommon 
also preferred conifer dominated mixedwood 
stands during the breeding season (Table 7.3; 
Chi-squared goodness of fit test; 2=13.8, 
P=0.03, df=6). After removing the influence of 
preferred stand type in the analyses (i.e., 
including preferred stand type as a grouping 
variable in the analysis; SAS Institute Inc. 1989), 
mean ranks did not vary in relation to the species 
expected abundance (partial F=1.5, P=0.23, df=3, 
27). Ranks did not differ among migration 
categories (Table 7.3; F=0.3, P=0.76, df=2, 30), 
nest location categories (Table 7.3; F=1.0, 
P=0.40, df=3, 29), or among foraging habitat 
categories (Table 7.3; F=1.1, P=0.40, df=6, 26).  
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TABLE 7.3. Preferred breeding habitat, expected abundance within aspen mixedwood stands near Lac La Biche, 
location of wintering areas, nest location, and foraging habits of species detected more than ten times during point 
counts within the aspen mixedwood stands in Alberta. Species were ordered based on their mean ranks from Table 
7.2. 

Species Preferred
a
 Expected

b Wintering
c
 Nest

d
 Foraging

e
 

 Habitat Abundance Area Location Habits 

Tree Swallow S A US T Aa 

Black-and-white Warbler D C Neo G Ab 

Ruffed Grouse S C Res G S 

Cedar Waxwing D C US C S 

Hermit Thrush S C US G As 

Rose-breasted Grosbeak D C Neo S S 

Connecticut Warbler D U Neo G As 

Northern Flicker S A US T Ab 

Tennessee Warbler S C Neo G Ag 

Ovenbird D A Neo G As 

Gray Jay C C Res S O 

Red-eyed Vireo D A Neo S Au 

Black-capped Chickadee S A Res T Ab 

White-throated Sparrow D A US G S 

Solitary Vireo C U Neo S Au 

Philadelphia Vireo D U Neo C Au 

Swainson's Thrush C C Neo G Au 

Lincoln's Sparrow D C Neo G As 

Brown-headed Cowbird S C US S
f
 As 

Yellow-bellied Sapsucker D C US T Ab 

Pine Siskin C C US C S 

Mourning Warbler D U Neo G As 

Chipping Sparrow C A Neo S As 

Least Flycatcher D A Neo S Aa 

Yellow Warbler D A Neo S Ag 

Yellow-rumped Warbler C C US S Au 

Winter Wren C R US G As 

American Redstart D U Neo S Au 

Western Tanager C U Neo G Ag 

Red-breasted Nuthatch C C Res T S 

Canada Warbler S U Neo G Au 

Black-throated Green Warbler C U Neo C Au 

Brown Creeper C R Res T Ab 

a 
from Francis and Lumbis (1979); Semenchuk (1992); Hobson (1994): C=greater abundance in conifer than deciduous 
dominated mixedwood stands, D=greater abundance in deciduous than conifer dominated mixedwood stands, S=similar 
abundance in deciduous and conifer dominated mixedwood stands 

b
 expected abundance near Lac La Biche; information derived from the Alberta breeding bird surveys (Semenchuk 1992): 

R=one or two records in the general area, U=more than three records in the general area, but present in less than 25% of the 
blocks that were surveyed, C=present in greater than 25% of the blocks that were surveyed in the area, and A=present in more 
than 25% of the blocks that were surveyed in the area and noted as abundant 

c
 from Godfrey (1986); Partners In Flight (1993): Res=residents, although species may not maintain territories in winter, 

US=continental US, although species may also winter in southern Canada, Neo=neotropical migrants 
d 

from Godfrey (1986); Campbell et al. (1990); Semenchuk (1992): G=on the ground, S=in shrubs (species that nest 
predominately below 4 m in trees and shrubs), C=in canopy (above 4 m), T=in tree cavities 

e
 from Godfrey (1986); Campbell et al. (1990); Semenchuk (1992): predominate foraging habits during the breeding season; 

Aa=arthropods from the air, Ab=arthropods from bark and within wood, As=arthropods from the soil and leaf litter, 
Ag=gleans arthropods from the surfaces of leaves and stems, Au=arthropods obtained using more than one of the previous 
methods, S=seeds and berries, O=arthropods, seeds, berries, other animals, and carrion 
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f 
 parasitizes nests of other shrub nesting birds 
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Variation In Species Abundance In Relation 
To Forest Community Attributes 
Eleven of the 12 forest community attributes 
differed among stands ages (Table 7.4). Of those 
11 attributes, five increased monotonically with 
stand age, two decreased monotonically with 
stand age, three were greater in old and young 
than they were in mature stands, and one was 
greater in mature than in either young or old 
stands (Table 7.4). Stand ages could be 
discriminated well using forest community 
attributes. Ninety-six percent of the variation in 
the first canonical discriminant function was 
accounted for by differences among stand ages. 
This function was highly or moderately 
correlated with all tree and snag attributes and 
highly correlated with DWM (diameter >20 cm) 
volume, willow density, and shrub species 
richness (Table 7.5). The first function was 
labeled "successional stage" because sites that 
were from young stands occurred at low values 
and sites from old stands occurred at high values 
(Figure 7.4). The second canonical discriminant 
function also resulted in good separation among 
stand ages; differences among stand ages 
accounted for 71% of the variation in this 
function. This was highly correlated with snag 
(DBH >20 cm) density and shrub/sapling density 
and moderately correlated with tree (DBH >20 
cm) density, birch tree density, percent grass 
cover, and percent herb cover (Table 7.5). The 
second canonical discriminant function was 
labeled "canopy heterogeneity" because (1) large 
trees and snags were positively related to the 
function and gaps are created in the canopy when 
large trees die and form snags, (2) the understory 
forest community attributes that were positively 
related to the function (e.g., grass cover, 
shrubs/saplings density) are found under canopy 
gaps, and (3) herb cover, the understory forest 
community attribute that was negatively related 
to the function, is high under closed canopies.  

Significant canonical discriminant functions were 
present for 21 bird species; 17 had a single 
significant function, and 4 species had two 
significant functions (Table 7.6). The 
significance level was negatively related to the 
number of times the species was observed (F=7.1, 
df=1, 31, P=0.01; Figure 7.5) indicating that the 
power of the tests were low for species observed 

few times. Consequently, we have presented 
figures for the three species with marginally 
significant (0.05<P<0.10) canonical discriminant 
functions and for all 21 species with statistically 
significant canonical discriminant functions 
(Figure 7.6A–X).  

Results of canonical discriminant analyses for 
each bird species can be interpreted from Table 
7.6 and Figure 7.6. For example, a single 
canonical discriminant function was produced in 
the analyses involving ruffed grouse because 
there were only two categories of abundance 
(present or absent) for that species. That 
canonical discriminant function resulted in a 
marginally significant separation between 
abundance categories ( 2 from the Wilks' 
Lambda=1.9, df=12, 59, P=0.06, R2=0.27) with 
tree (DBH <20 cm) density most highly 
correlated with the function. Tree (DBH >20 cm) 
density, snag (DBH >20 cm) density, DWM 
(diameter >20 cm) volume, and shrub species 
richness were moderately or highly negatively 
correlated with the canonical discriminant 
function (Table 7.6). Tree (DBH <20 cm) density 
and willow density were moderately or highly 
positively correlated with the canonical 
discriminant function (Table 7.6). Conifer tree 
density, birch tree density, DWM (diameter <20 
cm) volume, grass cover, herb cover, and 
shrub/sapling density were only weakly 
correlated with the canonical discriminant 
function (Table 7.6). This canonical discriminant 
function had a high negative correlation with 
successional stage (r=–0.84) and a weak positive 
correlation (r=0.05) with canopy heterogeneity 
(Figure 7.6A).  
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TABLE 7.4. Differences in forest community attributes among ages of aspen mixedwood stands. Differences among 
stand ages were tested using chi-squared approximation for the Kruskal-Wallis tests (SAS Institute Inc. 1989) (df=2) 
and statistically significant relationships were indicated in bold face type. 

 

Forest Community Attribute Stand Age Kruskal-Wallis Test 

 Young Mature Old 2 P 

Tree (<20 cm DBH) Density
a 5860 2220 410 63.0 <0.001 

Tree (>20 cm DBH) Density 51 149 381 50.8 <0.001 

Conifer Tree Density 0.0 17.0 70.0 31.1 <0.001 

Birch Tree Density 0.0 2.2 73.4 39.6 <0.001 

Snag (>20 cm) Density 12.6 4.7 54.7 41.3 <0.001 

DWM (<20 cm) Volume 95.5 96.2 110.8 1.7 0.44 

DWM (>20 cm) Volume 18.2 57.7 75.3 22.3 <0.001 

Grass Cover (%) 4.3 3.2 5.3 6.5 0.04 

Herb Cover (%) 53.3 64.3 51.4 8.9 0.01 

Shrub/Sapling Density 29.1 13.8 25.8 37.8 <0.001 

Willow Density 3.6 0.4 0.4 17.1 <0.001 

Shrub Species Richness 12.9 14.6 15.9 24.3 <0.001 
a
 this measure was highly correlated (r=–0.94) with height of canopy trees 

 

 
TABLE 7.5. Correlations between the forest community attributes and canonical discriminant functions that maximize 
differences among stand ages. 

Forest Community Canonical Function 1 Canonical Function 2 

Attribute (Succession Age) (Canopy Heterogeneity) 

Tree (<20 cm DBH) Density
a
 –0.99 0.01 

Tree (>20 cm DBH) Density 0.75 0.38 

Conifer Density 0.42 0.25 

Birch Density 0.44 0.41 

Snag (>20 cm DBH) Density 0.41 0.55 

DWM (<20 cm) Volume 0.12 0.11 

DWM (>20 cm) Volume 0.53 –0.02 

Grass Cover (%) 0.09 0.38 

Herb Cover (%) 0.01 –0.37 

Shrub/Sapling Density –0.27 0.78 

Willow Density –0.57 0.24 

Shrub Species Richness 0.55 0.10 

   

Wilks' Lambda
b
 46.6 13.2 

df
c
  24, 116 11, 59 

P <0.001 <0.001 

Proportion Explained
d 0.96 0.71 

a
 this measure was highly correlated (r=–.94) with height of canopy trees 

b
 F–approximation from Wilks' Lambda (SAS Institute Inc. 1989) 

c
 numerator and denominator degrees of freedom presented before and after the comma, respectively 

d
 proportion of the variance in the canonical function that was explained by differences among stand ages (i.e., 

squared canonical correlation) 
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FIGURE 7.4. Plot of the canonical discriminant scores identifying each of the three ages of aspen mixedwood forest 
in Alberta. Canonical function 1 and 2 have been labeled successional stage and canopy heterogeneity, respectively, 
based on correlations with the original forest community attributes (see Table 7.5). 

TABLE 7.6. Correlation between the forest community attributes and the canonical discriminant functions used to 
separate abundance categories for each bird species within aspen mixedwood stands in Alberta. Species canonical 
discriminant functions have been presented only if their significance level was ≤0.10. Number of canonical functions 
varied among bird species because the number of abundance categories varied among species (SAS Institute Inc. 
1989). Correlations between the bird species canonical discriminant functions and the stand age canonical 
discriminant functions (successional stage and canopy heterogeneity) derived from forest community attributes are 
presented at the bottom of the table. 

 Ruffed Yellow-bellied  Least  Tree Gray 

 Grouse Sapsucker Flycatcher Swallow Jay 

 Function 1 Function 1 Function 1 Function 1 Function 1 

Tree (<20 cm DBH) Density
a
 0.83 –0.04 –0.73 0.85 –0.33 

Tree (>20 cm DBH) Density –0.73 0.26 0.69 –0.64 0.01 

Conifer Density –0.29 0.39 –0.05 –0.32 0.75 

Birch Density –0.29 0.23 0.51 –0.29 0.22 

Snag (>20 cm DBH) Density –0.41 0.35 0.70 –0.22 –0.21 

DWM (<20 cm) Volume –0.19 0.22 0.28 –0.04 0.09 

DWM (>20 cm) Volume –0.38 0.09 0.59 –0.52 0.28 

Grass Cover (%) –0.04 0.22 –0.11 –0.13 –0.18 

Herb Cover (%) –0.10 –0.80 –0.16 –0.36 –0.31 

Shrub/Sapling Density 0.26 0.48 0.21 0.52 –0.30 

Willow Density 0.41 0.13 –0.37 0.62 –0.24 

Shrub Species Richness –0.67 0.04 0.48 –0.50 0.14 

      

Wilks' Lambda
b
 1.9 2.0 2.0 9.3 2.1 

df
c
  12, 59 24, 116 24, 116 12, 59 12, 59 

P 0.06 0.01 0.01 <0.001 0.03 

Proportion Explained
d
 0.27 0.40 0.41 0.65 0.30 

Correlation With      

Successional Stage
e
 –0.83 0.01 0.63 –0.84 0.29 

Canopy Heterogeneity
f
 0.05 0.69 0.23 0.28 –0.17 
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TABLE 7.6. (continued). 

 Red-breasted Brown Swainson's Hermit Philadelphia 

 Nuthatch Creeper Thrush Thrush Vireo 

 Function 1 Function 1 Function 1 Function 1 Function 1 

Tree (<20 cm DBH) Density
a
 –0.57 –0.76 –0.26 0.92 –0.55 

Tree (>20 cm DBH) Density 0.40 0.73 0.31 –0.58 0.49 

Conifer Density 0.81 0.25 0.45 –0.21 –0.09 

Birch Density 0.33 0.59 0.01 –0.21 0.21 

Snag (>20 cm DBH) Density 0.00 0.60 0.00 –0.33 0.46 

DWM (<20 cm) Volume –0.09 0.20 0.45 –0.14 –0.18 

DWM (>20 cm) Volume 0.13 0.42 0.37 –0.54 0.19 

Grass Cover (%) 0.04 0.25 0.45 0.15 –0.06 

Herb Cover (%) –0.47 –0.06 –0.29 0.08 0.05 

Shrub/Sapling Density –0.14 0.36 –0.16 0.19 0.49 

Willow Density –0.26 –0.28 0.19 0.66 –0.41 

Shrub Species Richness 0.25 0.59 –0.07 –0.52 0.29 

      

Wilks' Lambda
b
 3.8 9.4 1.5 2.0 1.8 

df
c
  12, 59 12, 59 24, 116 36, 169 12, 59 

P <0.001 <0.001 0.08 <0.01 0.08 

Proportion Explained
d
 0.43 0.66 0.37 0.54 0.26 

Correlation With      

Successional Stage
e
 0.52 0.66 0.35 –0.87 0.45 

Canopy Heterogeneity
f
 0.15 0.54 0.23 0.18 0.35 
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TABLE 7.6 (continued). 

 Yellow Yellow-rumped Black-and-

white 

Black-

throated 

 Warbler Warbler Warbler Green 

Warbler 

 Function 1 Function 1 Function 2 Function 1 Function 1 

Tree (<20 cm DBH) Density
a
 –0.56 –0.85 0.18 0.83 –0.78 

Tree (>20 cm DBH) Density 0.68 0.68 –0.34 –0.48 0.66 

Conifer Density –0.09 0.53 0.35 –0.32 0.40 

Birch Density 0.41 0.44 –0.36 –0.24 0.55 

Snag (>20 cm DBH) Density 0.84 0.60 0.23 –0.18 0.70 

DWM (<20 cm) Volume 0.29 0.29 –0.18 0.11 0.33 

DWM (>20 cm) Volume 0.40 0.65 –0.36 –0.36 0.57 

Grass Cover (%) 0.13 0.25 0.35 –0.03 0.32 

Herb Cover (%) –0.09 –0.11 –0.01 –0.49 –0.23 

Shrub/Sapling Density 0.35 –0.01 0.12 0.40 0.22 

Willow Density –0.18 –0.37 0.05 0.82 –0.34 

Shrub Species Richness 0.29 0.45 –0.45 –0.46 0.39 

      

Wilks' Lambda
b
 2.3 3.9 1.8 3.2 4.0 

df
c
  24, 116 36, 169 22, 59 12, 59 24, 116 

P <0.01 <0.001 0.02 <0.01 <0.001 

Proportion Explained
d
 0.45 0.69 0.40 0.39 0.66 

Correlation With      

Successional Stage
e
 0.50 0.81 –0.16 –0.78 0.70 

Canopy Heterogeneity
f
 0.46 0.27 0.19 0.30 0.48 
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TABLE 7.6. (continued). 

 American Redstart Ovenbird Connecticut Warbler 

 Function 1 Function 1 Function 2 Function 1 Function 2 

Tree (<20 cm DBH) Density
a
 –0.62 0.09 0.04 0.68 0.10 

Tree (>20 cm DBH) Density 0.68 –0.29 0.21 –0.53 –0.04 

Conifer Density –0.14 –0.19 0.39 0.16 –0.27 

Birch Density 0.47 –0.34 0.28 –0.24 0.09 

Snag (>20 cm DBH) Density 0.49 –0.58 –0.08 –0.27 0.27 

DWM (<20 cm) Volume 0.24 –0.43 –0.45 –0.22 0.35 

DWM (>20 cm) Volume 0.52 –0.11 –0.33 –0.64 0.41 

Grass Cover (%) –0.05 –0.60 0.36 0.38 0.29 

Herb Cover (%) 0.13 0.38 0.11 0.07 0.12 

Shrub/Sapling Density 0.34 –0.37 –0.02 –0.04 –0.22 

Willow Density –0.32 –0.28 0.22 0.62 0.21 

Shrub Species Richness 0.50 –0.09 –0.17 –0.50 –0.01 

      

Wilks' Lambda
b
 2.7 3.6 1.7 2.3 1.6 

df
c
  12, 59 36, 169 22, 116 36, 169 22, 116 

P 0.01 <0.001 0.05 <0.01 0.07 

Proportion Explained
d
 0.35 0.68 0.27 0.47 0.35 

Correlation With      

Successional Stage
e
 0.55 –0.07 –0.04 –0.61 –0.07 

Canopy Heterogeneity
f
 0.31 –0.71 0.34 0.13 –0.11 

 

Table 7.6. (continued).  

 Mourning Canada Western Rose-breasted Lincoln's 

 Warbler Warbler Tanager Grosbeak Sparrow 

 Function 1 Function 1 Function 1 Function 1 Function 1 

Tree (<20 cm DBH) Density
a
 –0.69 –0.57 –0.71 0.70 0.14 

Tree (>20 cm DBH) Density 0.70 0.33 0.37 –0.32 0.19 

Conifer Density 0.27 –0.09 0.40 –0.11 –0.05 

Birch Density 0.58 0.73 0.05 –0.12 –0.14 

Snag (>20 cm DBH) Density 0.37 0.49 0.11 0.09 0.23 

DWM (<20 cm) Volume 0.12 0.25 0.20 0.03 0.42 

DWM (>20 cm) Volume 0.47 0.43 0.47 –0.40 0.04 

Grass Cover (%) –0.09 –0.06 0.39 0.32 0.54 

Herb Cover (%) 0.03 –0.03 –0.18 –0.22 –0.33 

Shrub/Sapling Density 0.34 0.21 –0.23 0.68 0.33 

Willow Density –0.51 –0.28 –0.25 0.56 0.40 

Shrub Species Richness 0.64 0.24 0.25 –0.41 0.06 

      

Wilks' Lambda
b
 1.9 3.4 2.1 2.2 2.2 

df
c
  36, 169 12, 59 12, 59 36, 169 12, 59 

P <0.01 <0.001 0.03 <0.001 0.02 

Proportion Explained
d
 0.50 0.41 0.30 0.53 0.31 

Correlation With      

Successional Stage
e
 0.59 0.39 0.72 –0.69 –0.05 

Canopy Heterogeneity
f
 0.37 0.20 0.01 0.68 0.55 
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TABLE 7.6. (continued).  

 White–throated Sparrow Pine Siskin 

 Function 1 Function 2 Function 1 

Tree (<20 cm DBH) Density
a
 –0.07 0.54 –0.68 

Tree (>20 cm DBH) Density 0.58 –0.58 0.17 

Conifer Density 0.13 –0.08 0.25 

Birch Density 0.40 –0.12 0.24 

Snag (>20 cm DBH) Density 0.51 0.20 –0.01 

DWM (<20 cm) Volume 0.12 0.27 0.20 

DWM (>20 cm) Volume 0.08 –0.09 0.52 

Grass Cover (%) 0.27 0.04 0.27 

Herb Cover (%) –0.36 –0.27 0.30 

Shrub/Sapling Density 0.68 0.52 –0.57 

Willow Density 0.20 0.34 –0.45 

Shrub Species Richness 0.43 –0.48 0.13 

    

Wilks' Lambda
b
 2.8 1.7 1.7 

df
c
  36, 169 22, 116 24, 116 

P <0.001 0.04 0.04 

Proportion Explained
d
 0.55 0.31 0.37 

Correlation With    

Successional Stage
e
 0.05 –0.57 0.64 

Canopy Heterogeneity
f
 0.87 0.34 –0.39 

a
 this measure was highly correlated (r=–0.94) with height of canopy trees 

b
 F–approximation from Wilks' Lambda (SAS Institute Inc. 1989) 

c
 numerator and denominator degrees of freedom presented before and after the comma, respectively 

d
 proportion of the variance in the canonical function that was explained by differences among abundance 

categories (i.e., the squared canonical correlation) 
e
 successional stage determined from the canonical discriminant analyses (Table 7.5) 

f
 canopy heterogeneity determined from the canonical discriminant analyses (Table 7.5) 
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FIGURE 7.5. Significance level of the canonical discriminant analyses in relation to the number of times bird species 
were detected. Data were collected using point counts within three ages of aspen mixedwood stands in Alberta.  
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FIGURE 7.6 Frequency histograms of the canonical discriminant scores for ruffed grouse (A) and yellow-bellied 
sapsucker  (B). Most canonical functions were correlated (r>0.30) with either the successional stage or canopy 
heterogeneity functions that were produced from the canonical discriminant analyses involving forest community 
attributes. Consequently we have labeled most canonical functions as successional stage and/or canopy 
heterogeneity, and for completeness, also have noted the forest community attribute that was most highly correlated 
with the function. Canonical functions that were only weakly correlated (r<0.30) with both successional age and 
canopy heterogeneity functions have been labeled based on the forest community attribute that was most highly 
correlated. 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores for least flycatcher (C) and tree 
swallow (D). 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores for gray jay (E) and red-
breasted nuthatch (F). 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores for brown creeper (G) and 
Swainson‘s thrush (H). 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores for hermit thrush (I) and 
Philadelphia vireo (J). 
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FIGURE 7.6 (continued). Frequency histogram and plot of the canonical discriminant scores for yellow warbler (K) 
and yellow-rumped warbler (L). 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores for black-throated green warbler 
(M) and black-and-white warbler (N). 
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FIGURE 7.6 (continued). Frequency histogram and plot of the canonical discriminant scores for American redstart 
(O) and ovenbird (P). 
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FIGURE 7.6 (continued). Plot and frequency histograms of the canonical discriminant scores for Connecticut warbler 
(Q) and mourning warbler (R). 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores for Canada warbler (S) and 
western tanager (T). 
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FIGURE 7.6 (continued). Frequency histograms of the canonical discriminant scores of rose-breasted grosbeak (U) 
and Lincoln‘s sparrow (V). 
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FIGURE 7.6 (continued). Plot/frequency histograms of the canonical discriminant scores for white-throated sparrow 
(W) and pine siskin (X). 
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Results for the other species canonical 
discriminant analyses can be interpreted directly 
from Table 7.6 and Figure 7.6, and thus have not 
been described in the text. Rather we have 
summarized patterns that were present for many 
species. Of the 24 species with significant, or 
marginally significant canonical discriminant 
functions, 13 species (least flycatcher, red-
breasted nuthatch, brown creeper, Swainson's 
thrush, Philadelphia vireo, yellow-rumped 
warbler, yellow warbler, black-throated green 
warbler, American redstart, mourning warbler, 
Canada warbler, western tanager, pine siskin) had 
positive correlations between scores from their 
first discriminant function and successional stage. 
Six species (ruffed grouse, tree swallow, hermit 
thrush, black-and-white warbler, Connecticut 
warbler, rose-breasted grosbeak) had negative 
correlations between their scores from their first 
discriminant function and successional stage. One 
species (white-throated sparrow) had a negative 
correlation between scores from its second 
discriminant function and successional stage. 
Four species (yellow-bellied sapsucker, gray jay, 
ovenbird, Lincoln's sparrow) had discriminant 
scores that were only weakly (r<0.30) related to 
successional stage (Table 7.6, Figure 7.6). Of the 
19 species with canonical discriminant functions 
that were correlated with successional stage, 13 
had their canonical discriminant functions most 
highly correlated with tree (DBH <20 cm) density 
(Figure 7.6).  

Fourteen of the 24 species with significant, or 
marginally significant, canonical discriminant 
functions had discriminant scores that were 
correlated with canopy heterogeneity; scores 
from the first discriminant function for 11 species 
(yellow-bellied sapsucker, brown creeper, 
Philadelphia vireo, yellow warbler, black-
throated green warbler, black-and-white warbler, 
American redstart, mourning warbler, rose-
breasted grosbeak, Lincoln's sparrow, white-
throated sparrow) were positively correlated with 
canopy heterogeneity, scores from the first 
discriminant function for two species (ovenbird, 
pine siskin) were negatively correlated with 
canopy heterogeneity, and scores from the second 
discriminant function for two species (ovenbird, 
white-throated sparrow) were positively 
correlated with canopy heterogeneity (Table 7.6, 

Figure 7.6). For only four species (yellow-bellied 
sapsucker, ovenbird, Lincoln's sparrow, white-
throated sparrow) were the species canonical 
discriminant functions more highly correlated 
with canopy heterogeneity than they were with 
successional stage (Table 7.6). 

Only one species (gray jay) with a significant 
canonical discriminant function did not have its 
canonical discriminant function moderately or 
highly correlated with either successional stage or 
canopy heterogeneity (Table 7.6). Abundance for 
this species was positively correlated with conifer 
density (Table 7.6).  

Variation In Species Abundance In Relation 
To Forest Harvest Attributes 
For the 33 bird species with 10 or more 
detections we evaluated whether abundance 
categories were related to the six forest harvest 
attributes. For all of those bird species, except 
solitary vireo, brown-headed cowbird, cedar 
waxwing, and Swainson's thrush, abundance was 
related to at least one of the forest harvest 
attributes (Table 7.7). The forest harvest 
attributes that entered the models, and the shape 
of the relationships (positive or negative) were 
not consistent among the remaining 29 bird 
species. Shrubs/sapling density entered more 
models (N=13) than other forest harvest 
attributes, and was the first attribute to enter in 
the models more often (N=9) than other forest 
harvest attributes (Table 7.7). Tree (DBH >20 
cm) density, conifer density, snag (DBH >20 cm) 
density, and DWM (diameter >20 cm) volume 
entered a similar number of models (N=11, 10, 
10, 9, respectively), and were the first forest 
harvest attributes to enter models a similar 
number of times (N=6, 4, 5, 4, respectively; 
Table 7.7). However, snag (DBH >20 cm) density 
was only marginally significant in five of the ten 
models it entered (Table 7.8). Birch density 
entered few models (N=3) and only once was it 
the first forest harvest attribute to enter a model 
(Table 7.7).  

It was difficult to group bird species based on 
results from the logistic regression models. For 
example, although eleven species had positive 
relationships between their abundance categories 
and shrub/sapling density (Table 7.7), the 
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additional forest harvest attributes that were 
included in the models were not consistent among 
species: three of the eleven species had positive 
relationships with tree (DBH >20 cm) density, 
two of the eleven species had negative 
relationships with tree (DBH >20 cm) density, 
one of the eleven species had a negative 
relationship with DWM (diameter >20 cm) 
volume, one of the eleven species had a positive 
relationship with conifer density, one of the 
eleven species was related to all forest harvest 
attributes except conifer density, and three of the 
eleven species were only related to shrub/sapling 
density (Table 7.7). Other potential groupings, 
for example species having a positive relationship 
between their abundance categories and snag 
(DBH >20 cm) density, had even less consistency 
among the species: only two of those seven 
species (yellow warbler, winter wren) had similar 
models (Table 7.7) and even there the 
relationship was not statistically significant for 
winter wren (Table 7.8).  

Nine of the 15 possible correlations among forest 
harvest attributes were statistically significant 
(Table 7.9), and within those nine correlations, 
tree (DBH >20 cm) density had strong 
correlations (Pearsons' r>0.50) with birch tree 
density and with snag (DBH >20 cm) density 
(Table 7.9).  
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TABLE 7.7. Direction of the relationship (positive or negative) and order that forest harvest attributes entered the 
stepwise logistic regression models relating abundance of bird species and forest harvest attributes. Relationships 
were calculated separately for each species. Species were ordered based on the forest harvest attributes that were 
included in the models and the directions of the relationships. Blanks indicate that the forest harvest attribute did not 
enter the model. 

 Tree Density Conifer Birch Snag Density DWM Volume Shrubs/ 
 >20 cm DBH Density Density >20 cm DBH >20 cm Saplings Density 

Solitary Vireo
a
       

Brown-headed Cowbird
a
       

Cedar Waxwing
a
       

Swainson's Thrush
a
       

Ruffed Grouse –1      

Hermit Thrush –2    –1  

Connecticut Warbler –2 +3   –1  

Yellow-bellied Sapsucker  +2    +1 

Rose-breasted Grosbeak     –2 +1 

Tree Swallow –1     +2 

Black-and-white Warbler –1     +2 

Tennessee Warbler      +1 

Northern Flicker      +1 

Lincoln's Sparrow      +1 

Ovenbird    –1   

Mourning Warbler +1  +5 –4 +3 +2 

Philadelphia Vireo +2     +1 

White-throated Sparrow +2     +1 

Brown Creeper +1     +2 

American Redstart +1 –2     

Least Flycatcher +3 –2  +1   

Red-eyed Vireo  –1     

Yellow Warbler    +1   

Winter Wren    +1   

Canada Warbler   +1 +2   

Black-throated Green Warbler   +3 +1 +2  

Black-capped Chickadee    +2  –1 

Pine Siskin     +2 –1 

Yellow-rumped Warbler  +2  +3 +1  

Western Tanager  +2   +1  

Gray Jay  +1  –2 +3  

Red-breasted Nuthatch  +1     

Chipping Sparrow  +1     

a
 Abundance was not related to any of the forest harvest attributes 
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TABLE 7.8. Significance levels (Chi-squared and associated probability level for the Wald's Statistic, SAS Institute 
Inc. 1989) for the forest harvest attributes that entered the stepwise logistic regression models relating abundance of 
bird species and forest harvest attributes. Species were ordered as in Table 7.5. Blanks indicate that the forest harvest 
attribute did not enter the model. 

 Tree Density Conifer Birch Snag Density DWM Vol. Shrubs/Saplings 

 >20 cm DBH Density Density >20 cm DBH >20 cm Density 

 2 P 2 P 2 P 2 P 2 P 2 P 

Solitary Vireoa             
Brown-headed Cowbirda             
Cedar Waxwinga             
Swainson's Thrusha             
Ruffed Grouse 8.2 <0.01           
Hermit Thrush 4.8 0.03       5.9 0.02   
Connecticut Warbler 7.3 0.01 3.8 0.05     7.5 0.01   
Yellow-bellied Sapsucker   5.3 0.02       7.9 <0.01 
Rose-breasted Grosbeak         7.9 0.01 16.3 <0.001 
Tree Swallow 10.1 <0.01         8.3 <0.01 
Black-and-white Warbler 5.4 0.02         3.6 0.06 
Tennessee Warbler           5.4 0.02 
Northern Flicker           4.2 0.04 
Lincoln's Sparrow           2.3 0.13 
Ovenbird       5.0 0.02     
Mourning Warbler 9.7 <0.01   2.8 0.09 4.2 0.04 4.0 0.05 6.7 0.1 
Philadelphia Vireo 4.2 0.04         4.3 0.04 
White-throated Sparrow 17.1 <0.001         19.4 <0.001 
Brown Creeper 15.8 <0.001         6.2 0.01 
American Redstart 12.0 <0.001 4.1 0.04         
Least Flycatcher 5.5 0.02 4.2 0.04   3.0 0.08     
Red-eyed Vireo   3.2 0.07         
Yellow Warbler       12.7 <0.001     
Winter Wren       2.4 0.12     
Canada Warbler     7.5 0.01 3.0 0.08     
Black-throated Green 
Warbler 

     3.5 0.06 6.7 0.01 9.1 <0.01  

Black-capped Chickadee       5.2 0.02   5.8 0.02 
Pine Siskin         7.9 0.01 7.5 0.01 
Yellow-rumped Warbler   12.0 <0.001   8.1 <0.01 16.3 <0.001   
Western Tanager   2.7 0.1     4.1 0.04   
Gray Jay   7.0 0.01   3.5 0.06 2.7 0.09   
Red-breasted Nuthatch   10.4 0.01         
Chipping Sparrow   4.5 0.03         

a
 Abundance was not related to any of the forest harvest attributes 

TABLE 7.9. Pearsons' correlation (above diagonal) and probability level (below diagonal) among the forest harvest 
attributes. Sample size was 72 for all comparisons. 

 Tree Density Conifer Birch Snag Density DWM Vol. Shrubs/Saplings 

 >20 cm DBH Density Density >20 cm 

DBH 

>20 cm Density 

Tree (>20 cm) Density  0.37 0.50 0.53 0.36 0.03 

Density of Conifers <0.01  0.24 0.17 0.08 –0.13 

Density of Birch <0.001 0.05  0.27 0.26 0.07 

Snag (>20 cm) Density <0.001 0.15 0.02  0.26 0.38 

Volume of DWM >20 <0.01 0.52 0.03 0.02  –0.05 

Shrub/Sapling Density 0.83 0.29 0.58 <0.001 0.67  
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Discussion 

Variation In Bird Species Richness Among 
Stand Ages 
Bird species richness varied among the three 
stand ages, with old stands having the greatest 
richness, young stands having intermediate 
richness, and mature stands having the lowest 
richness. Differences in richness among stand 
ages, however, were confounded by abundance of 
individual species differing among stand ages. 
With the moderate sampling intensity in this 
study (N=24 sites within each stand age) we had 
the highest probability of overlooking species 
where they were least abundant. For example, if a 
species was present at 25% of the sites in one 
stand age and at only 1% of the sites in another 
stand age, then the power of detecting that 
species was 99% and 21%, respectively, for each 
of those stand ages (calculations follow Green 
and Young 1993). To have estimates of richness 
that were not confounded by abundance, we 
would have needed to survey stands with greater 
intensity so that all species were detected in every 
stand age in which they occurred. Thus, 
differences in richness among stand ages that we 
found should be interpreted cautiously.  

Bird species richness may have been greatest in 
old stands because they had more resources (i.e., 
contained larger live trees, more snags, more 
DWM, and more shrubs/saplings) than younger 
stands. In addition, canopy gaps create a spatially 
heterogeneous stand (Huenneke 1983; Stewart 
1988), and the high level of canopy heterogeneity 
in old stands may have resulted in the co-
existence of many bird species there (Levey 
1988; Ruggiero et al. 1991). Young stands, 
however, had higher bird species richness than 
mature stands even though trees were smaller in 
young than in mature stands. Three forest 
community attributes may have resulted in there 
being more resources for birds in young than in 
mature stands. Large snags and DWM that had 
been present prior to, or that were created during, 
the stand-originating fires remained in the young 
stands, but most of these had fallen and decayed 
by the time forests reached maturity (Chapters 3–
6). Those large snags and DWM may have been 
suitable as nest and foraging sites for birds. In 
addition, canopy gaps were more common in 

young than in mature stands and the abundant 
shrubs/saplings under canopy gaps may have 
produced food and cover for birds (Levey 1988; 
Ruggiero et al. 1991).  

Differences in bird species richness among ages 
of aspen mixedwood forests have been evaluated 
in two other studies. Westworth and Telfer 
(1993) found that richness of birds was greater 
within 14 year old stands than within 30, 60, or 
80 year old stands. The 80 year old stands studied 
by those authors, however, may not have 
developed the large amount of heterogeneity that 
we found in stands older than 120 years. 
Consequently, relatively low bird species 
richness in 80 year old stands found by 
Westworth and Telfer may not have increased 
from the low values that both they and we found 
in mature stands. Flack's (1976) study on bird 
species richness within aspen forests also differs 
from that found here; he found richness to be 
highest in old stands, intermediate in mature 
stands, and lowest in young stands, whereas we 
found mature stands to have the lowest richness. 
Differences among studies may be due to the bird 
communities differing among areas (Flack 1976; 
Erskine 1977) or to rates of forest succession 
differing among areas. Consequently, caution 
should be used when extrapolating among 
geographic areas. 

Variation In Bird Abundance Among Stand 
Ages And In Relation To Forest Community 
Attributes 
We found two major patterns of variation in 
forest community attributes among stand age 
categories, both of which involve multiple 
attributes. The first function was monotonically 
related to stand age and has been called 
successional stage. In this function, densities of 
small trees decreased whereas densities of large 
trees and canopy height increased. This 
successional stage function was correlated with 
many of the forest community attributes that we 
measured. The second major set of vegetation 
changes during succession was related to canopy 
heterogeneity. Canopy gaps are created when 
large trees die and become snags, and as would 
be expected in areas with many canopy gaps, the 
densities of both large trees and snags were 
abundant. Shrubs and saplings which thrive in 
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direct sunlight (Huenneke 1983) were highly and 
positively correlated with the canopy 
heterogeneity function, while birch tree density 
and amount of grass and herb cover were 
correlated to a lesser degree.  

Sixty three percent of the bird species had their 
highest abundances in old aspen stands, with 67% 
of those species more than twice as abundant in 
old than they were in either young or mature 
stands. In addition, of the bird species with 
significant canonical discriminant functions, 54% 
had discriminant functions with moderate or high 
positive correlations with successional stage. 
Consequently, if habitat quality is positively 
related to the abundance of individuals, then it 
may also be highest in old stands for more than 
half of the bird species. 

High densities of large aspen trees, birch trees, 
conifer trees, large snags, and shrubs/saplings and 
abundant large DWM in old stands (Francis and 
Lumbis 1979; Peterson and Peterson 1992; 
Chapters 3–6) all may have made old stands most 
suitable for many bird species (Conner et al. 
1975; Flack 1976; Erskine 1977). Abundant 
conifer trees in old stands may have been of 
special importance to many of the bird species 
because 48% of those species were expected to 
have their highest abundance in conifer 
dominated mixedwood stands. 

Human activities that decrease the amount of old 
stands and/or old stand attributes in the 
landscape, may have negative impacts on many 
bird species. Until more information on the 
habitat requirements of old forest bird species 
within aspen mixedwood stands becomes 
available, it would be prudent to retain adequate 
amounts of old stands in the landscape. In 
addition, negative impacts that result from 
anthropogenic changes to aspen stands may be 
reduced if forest community attributes of old 
stands are created/maintained during harvest 
whenever possible (Hansen et al. 1991). For 
example, harvest practices may be modified to 
leave residual live and dead material in harvested 
areas so that young and mature stands re-develop 
some of the attributes of old stands quickly 
(Franklin 1993). 

Eighteen percent of the bird species were most 
abundant in young stands, and the canonical 
discriminant functions for 25% of the bird 
species had moderate or high negative 
correlations with successional stage. For these 
bird species, habitat quality may have been 
highest in young stands. Young stands had forest 
community attributes that were distinctive from 
older stands: tree canopy was low, tree density 
was high, virtually all trees were aspen, many 
small snags were produced by self-thinning of 
canopy trees, and willows were abundant 
(Francis and Lumbis 1979; Peterson and Peterson 
1992; Chapters 3–5). The high density of small 
live and dead trees may have produced high 
quality habitat for bird species that required 
dense cover (Semenchuk 1992). Although 
uncommon, young stands had a few large trees 
and snags remaining from the pre-fire forest. 
Those residual trees and snags may have resulted 
in young stands having some of the forest 
community attributes that were found in old 
stands (Chapters 3–5) and consequently some of 
the species (e.g., northern flicker) that had their 
highest abundance in young stands may have 
depended on both the forest community attributes 
of young stands and the residual materials from 
previous older stands. 

Historically, natural fires that were frequent in 
aspen mixedwood forests resulted in much of the 
landscape being in young successional stages 
(Rowe and Scotter 1973; Kelsall et al. 1977; 
Murphy 1985; Hunter 1993). Under the present 
management conditions, however, most natural 
fires within Alberta's boreal forests are 
suppressed (Murphy 1985; although within 
conifer dominated areas suppression may not be 
effective, Johnson et al. 1990) and most young 
stands are created by anthropogenic disturbances. 
Many young stands will be created by forest 
harvest, but those young stands may be 
structurally different from young aspen stands 
created by natural events (Hansen et al. 1991; 
Mladenoff et al. 1993) and may be of lower 
quality to birds that depend on young stands 
(Hansen et al. 1991). To maintain adequate young 
stand attributes in harvested landscapes it may be 
necessary to design new harvesting practices that 
leave residual material more similar to that found 
after natural disturbances (Franklin 1993). 
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Only three bird species had their highest 
abundance in mature stands, and for those species 
abundance did not differ greatly among stand 
ages. They may benefit from forest harvest and 
fire suppression in the boreal forest because more 
mature (50–70 year old) forest will be present in 
the future than would have been present under 
natural conditions. In addition, the complexity of 
live and dead vegetation is lower in mature stands 
than in either young or old stands under natural 
conditions because few very large trees, snags, 
and gaps are present in mature stands (Chapters 
3–6). 

Three of the nine species that were most 
abundant in young stands, and four of the 21 
species that were most abundant in old stands, 
did not have unimodal relationships between 
abundance and stand age; they were less than half 
as abundant in mature stands as in either young or 
old stands. That pattern may have been caused by 
specific attributes of the forest being similar in 
young and old stands, yet different in mature 
stands. Fires within the boreal forest burn in a 
heterogeneous manner with the result that some 
large trees and snags survive the fires (Kelsall et 
al. 1977; Chapters 3–6). Residual trees and snags 
may provide resources that otherwise would not 
have been present in young stands. Most of the 
residual trees die, fall, and decay by the time 
aspen stands reach maturity and trees produced 
from root-suckers after the fires are of moderate 
size only (i.e., DBH approximately 20–30 cm, 
Chapter 4) in mature stands (Peterson and 
Peterson 1992). Consequently, mature stands 
have few very large trees and snags, and birds 
(e.g., yellow-bellied sapsucker) that require large 
trees and snags may not be able to live there. Six 
of the species that had noticeably low abundance 
in mature stands, however, did not depend on 
snags; those species foraged or nested on the 
ground or in shrubs. Young stands have abundant 
shrubs and saplings, but by the time aspen stands 
reach maturity the canopy has few gaps (Peterson 
and Peterson 1992) and the abundance of shrubs 
and saplings is low (Chapters 3, 5). Within old 
aspen stands, gaps are created in the canopy as 
trees die and fall and under those gaps shrubs and 
saplings are abundant. Bird species that depend 
on shrubs or saplings may have parallel changes 

in abundance as that found for canopy gaps and 
shrubs. 

Variation In Species Abundance In Relation 
To Forest Harvest Attributes 
At least one of the forest harvest attributes 
entered most of the analytical models. Inter-
correlation among forest harvest attributes, 
however, was high and that may have affected 
both the order that forest harvest attributes 
entered the stepwise models, and the forest 
harvest attributes that remained in the final 
models (Hosmer and Lemeshow 1989). Thus, 
caution is necessary when interpreting the 
relative importance of each of the forest harvest 
attributes in the models.  

Density of birch was in very few of the models, 
and based on this, variation in birch tree density 
probably had little affect on abundance for most 
bird species. That conclusion is speculative with 
the present data, however, because density of 
birch trees was highly correlated with density of 
trees having DBH >20 cm. Each of the other five 
forest harvest attributes were included in at least 
30% of the models and each may have influenced 
the abundance for some of the bird species. 
Because more than half of the bird species were 
positively associated with successional stage 
attributes, however, it would be prudent to retain 
as many old forest characteristics as is possible 
within harvested areas. The minimum amounts of 
large live trees, snags and DWM that are needed 
to maintain bird populations cannot be 
determined from the present data. 

Abundances for 40% of the bird species were 
related to density of shrub/saplings, (i.e., were 
related to our measure of canopy heterogeneity). 
Thus canopy gaps appear to be important to many 
bird species. If old stands and their associated 
canopy gaps become rare in the landscape, in 
may be possible to alter forest harvest and/or 
silvicultural practices to create canopy gaps in 
young and mature stands (i.e., by leaving clumps 
of large live trees at harvest that will die and fall 
in young and mature stands, or by cutting groups 
of canopy trees in young and mature stands). 
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Cautions About Interpreting Results from the 
Present Study 
Our ability to detect differences in bird 
abundance among stand ages, and in relation to 
forest community attributes, was positively 
related to the number of times a species was 
detected (Cohen 1988). Thus, the absence of a 
species from a stand age, or lack of a statistically 
significant relationship between abundance and 
forest community attributes for species that were 
detected few times should be interpreted 
cautiously. In addition, we caution managers 
from relying totally on measures of abundance 
when determining habitat suitability. Although 
viability of populations may be positively related 
to abundance of individuals (Gilpin and Soule 
1986; Thomas 1990), that relationship is not 
universal (Van Horne and Weins 1991). For 
example, O'Connor (1981) and Vickery et al. 
(1992) found that reproductive success of 
individuals was negatively related to abundance, 
especially during periods when population 
abundance was high. Until adequate data on 
demography, reproduction, and viability of bird 
populations within aspen mixedwood forests 
becomes available, however, managers may have 
few options but to make decisions based on 
variation in abundance. It would be irresponsible 
in the long term, however, to continue reliance on 
abundance data alone; changes may not be 
evident until it is too late to take remedial action 
(Van Horne 1983). Species with demographics 
and behaviour that make them susceptible to 
changes in forest practices need to be identified 
and their demography and reproductive success 
be determined. 

The present study was conducted in natural 
landscapes of aspen mixedwood stands. 
Historically fires were common in those stands 
(Rowe and Scotter 1973; Kelsall et al. 1977; 
Murphy 1985) and the variable size, shape, and 
intensity of the fires resulted in a landscape that 
was a mosaic of vegetation types and age classes 
(Kelsall et al. 1977; Eberhart and Woodard 
1987). To extrapolate from those natural 
pyrogenic landscapes to landscapes dominated by 
human disturbance, such as forest harvesting, is 
tenuous because the spatial diversity of living and 
dead vegetation in post-fire habitats is large 
(Eberhart and Woodard 1987; Hansen et al. 1991) 

whereas following human disturbances habitats 
may become homogenized (Mladenoff et al. 
1993). In addition, the quality of vegetation and 
the co-occurence of vegetation types after human 
disturbance differ from that following natural 
disturbance (Hansen et al. 1991; Mladenoff et al. 
1993). Only by studying both natural and human 
disturbed communities can we evaluate the 
impacts of human imposed changes in the 
environment. Those comparisons will be possible 
only if we design experimental treatments to 
obtain a wide range of forest community 
attributes in manipulated forests (for example, 
leave varying densities and sizes of trees, snags, 
and DWM within harvested areas). Finally, due 
to the high covariation in forest community 
attributes among sites, it was difficult to 
determine which specific forest community 
attribute had the most influence on bird 
abundance. Only by experimentally uncoupling 
the covariation among forest community 
attributes (for example, by leaving many large 
trees during harvest so that the subsequent young 
and mature forests have many large trees as well 
as a high density of trees) can the relative impact 
of each attribute be evaluated adequately 
(Eberhardt and Thomas 1991). 

Recommendations for Harvest 

Bird species richness was greater in old aspen 
mixedwood stands than in either young or mature 
stands, and for more than 50% of the bird species 
abundance was greatest in old stands. Thus, it 
would be prudent to leave some old aspen 
mixedwood stands in the landscape to act as 
refugia for birds (Francis and Lumbis 1979). If 
the refugia of old aspen mixedwood stands will 
be affected by natural disturbances, then those 
refugia should be large enough to ensure that 
adequate amounts of old mixedwood stands are 
present at all times (Erskine 1977).  

Although untested, fewer old aspen mixedwood 
stands may be needed in the landscape if old 
stand attributes are created in younger aspen 
mixedwood stands. Old stands have large trees, a 
diverse set of tree species, many large snags, both 
large and small DWM, and many canopy gaps 
with the corresponding high abundance of shrubs 
and saplings under those canopy gaps (Chapters 
3–6). Some standing large live trees, large snags, 
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and large DWM could be left during harvest so 
that birds requiring those resources can exist 
while the harvested stands are regenerating. 
Leaving standing conifer trees during harvest 
may be of great benefit to birds because, for 
many bird species, abundance was related to 
density of conifers (Hobson 1994; see Results). If 
standing trees and snags are left in clumps and/or 
at the windward side of the cut-block, they may 
have a higher probability of standing throughout 
forest regeneration (Navratil et al. 1994). 

Canopy heterogeneity that is present in old aspen 
mixedwood stands also may be important to birds 
because some species use both large trees and 
open areas (e.g., northern flicker which nest in 
large snags and forage on the ground in open 
areas; Campbell et al. 1990). Canopy gaps could 
be created in harvested areas by cutting groups of 
canopy trees periodically as the harvested stand 
regenerates. Alternatively, it may be possible to 
have canopy gaps created autogenically if groups 
of medium-sized live trees are left during harvest. 
If those medium-sized trees are not blown over, 
they will become large and many will die and fall 
to create canopy gaps, while the remainder of the 
trees in the regenerating stand are small or 
medium sized. Response of birds to all of these 
harvest techniques that create old forest 
characteristics in young and mature stands have 
not been tested and, as such, creation of old forest 
characteristics should only be used to 
complement the retention of old stands in the 
landscape. 

Bird species richness was moderate in young 
aspen mixedwood stands and approximately 30% 
of the bird species were most abundant in young 
stands. Historically, wildfires were common in 
the boreal forest and young stands covered much 
of the landscape (Kelsall et al. 1977; Murphy 
1985). Thus, it may be desirable to have abundant 
young stands in managed landscapes. Many 
young stands will be created following harvest, 
but those stands may be of lower quality to birds 
than young stands that are created naturally. 
Young aspen mixedwood stands in both 
harvested and pyrogenic landscapes are 
characterized by high tree density, low canopy 
height, abundant shrubs and saplings, and 
abundant small DWM. Young aspen mixedwood 
stands in pyrogenic landscapes, however, have 

residual large live and dead trees from the pre-
fire stands (Chapters 3–6), whereas large residual 
live and dead trees may not be present in 
harvested landscapes. In addition, young stands 
from pyrogenic landscapes have many gaps in the 
canopy and those result in a spatially 
heterogeneous understory. It would be prudent to 
allow some young stands to be produced from 
natural events like fire and insect pests because 
our knowledge of those forests is limited. In 
addition, however harvest operations could be 
modified to leave some large live trees, as many 
snags, and as much DWM as is possible in cut-
over areas. The optimum spatial patterns residual 
materials for birds is not known, but to have live 
and dead trees remain standing, it may be 
necessary to leave them in clumps on the 
windward side of the cut-over area. 

Within pyrogenic landscapes, mature aspen 
mixedwood stands are simpler than either young 
or old stands; they have fewer large trees, large 
snags, or large DWM, and canopy gaps (Chapters 
3–6). The simplicity of mature stands under 
natural conditions may make them similar to 
mature stands that are produced following 
clearcut logging. As a conservative measure, 
however, some mature stand should be allowed to 
regenerate following natural disturbances in the 
landscape. Few bird species have their highest 
abundance in mature stands; thus, the value of 
those stands to the bird community may be 
relatively low. Although untested, it may be 
beneficial to alter harvest operations so that some 
of the mature stands develop forest community 
attributes that normally would be present only in 
old stands. For example, if clumps of moderate-
sized live trees are left at harvest, they may 
produce large live trees and snags in post-harvest 
mature stands. Similarly, if young conifer trees 
are left at harvest they may become large and of 
value to birds by the time the regenerating stands 
reach maturity.  
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8. RELATIONSHIPS BETWEEN MAMMAL BIODIVERSITY AND STAND AGE AND 

STRUCTURE IN ASPEN MIXEDWOOD FORESTS IN ALBERTA. 

Laurence D. Roy, J. Brad Stelfox, and Jack W. Nolan 

Abstract 

Species richness and relative abundance of 
mammals were measured in young (20–30 years), 
mature (50–65 years), and old (120+ years) aspen 
mixedwood stands of fire origin in Alberta. 
Species richness in summer, measured at the site 
scale, was significantly higher in old stands than 
young or mature stands (P<0.001) and higher in 
old and young stands than mature stands (P<0.01) 
in winter. Species richness, measured at the stand 
and stand age scale, did not differ significantly 
although more species were detected in old 
stands than in younger stands. 

Variation in relative abundance between stand 
ages was evaluated for 19 mammal species 
detected 10 or more times. During summer and 
winter seasons, highest abundance of species 
occurred most frequently in old stands (9, 2), 
followed by young stands (4, 3), then by mature 
stands (3, 1). In general, mammal species 
abundance was associated with forest community 
attributes that reflected successional stage (stand 
age) and canopy heterogeneity (structural 
complexity), and with forest community 
attributes that could be manipulated during forest 
harvest. Therefore, mammal species richness and 
abundance appeared to reflect the structural 
complexity of the forests. Structurally complex 
old stands supported more species at high relative 
abundance, structurally simple mature stands 
supported few species at high relative abundance, 
and young stands that were intermediate in 
structural complexity due to pre-fire residuals 
(snags, large live trees, and down woody material 
[DWM]) supported an intermediate number of 
species at high relative abundance. Consequently, 
we recommend that forest managers 1) place a 
portion of the mixedwood landscape into a 
deferred or long rotation, 2) retain residuals 
(green trees, snags, DWM) on cutblocks to create 
structured young stands, and 3) maintain a 
portion of the mesic forest landscape outside the 
harvest matrix. 

Introduction 

The aspen mixedwood forests of Alberta support 
approximately 45 species of mammals including 
representatives of 12 families (Pattie and 
Hoffman 1992; Smith 1993; Appendix III). 
Although autecological studies of several species 
have been conducted in the boreal forest, no 
detailed examination of the composition and 
relative abundance of a mammalian community 
has been conducted in aspen mixedwood stands 
of different age. An understanding of 
relationships between stand age, stand structure, 
and mammal composition is important, as the 
type and intensity of disturbance events in boreal 
forests is changing. The rapid growth of 
commercial aspen harvest, and the suspected 
decline in wildfire frequency, may appreciably 
change the structure of future aspen mixedwood 
forests, and the ability of these forests to support 
mammal species. 

Following stand replacement disturbance events, 
aspen mixedwood stands proceed through a series 
of successional stages that differ in structure 
(Chapter 3; Peterson and Peterson 1992). The 
stages are not always linearly related to age, as 
young or mature stands may experience 
additional disturbances such as drought, 
windthrow, or insect/disease outbreaks that 
prematurely create old stand characteristics 
(Peterson and Peterson 1992). Site quality can 
also affect the rate at which different structural 
stages develop (Corns and Annas 1986). 
Generally, young stands are characterized by a 
high density of small live and dead stems and a 
closing canopy. They may also have remnants of 
the pre-fire community in the form of large live 
trees, large snags, and DWM (Chapter 3). Mature 
forests are characterized by a slowing of growth, 
larger trees, and a uniform closed canopy. Old 
stands are characterized by trees of uneven age, 
large openings in the canopy, increased numbers 
of very large trees and snags, increased DWM, 
and increased frequency of conifer species 
(Chapter 3; Peterson and Peterson 1992). Mature 
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stands appear structurally simple, young stands 
are more complex due to the residual material left 
from the disturbance that initiated the stand, and 
old stands are structurally the most complex 
because of canopy mortality and break-up, and 
the emergence of conifers. 

Short-rotation forestry may result in the 
truncation of seral stages in Alberta's aspen 
mixedwood forests and in the loss of older, 
complex stands. Furthermore, current timber 
harvesting ground rules in Alberta (Anonymous 
1986) require complete utilization of 
merchantable material and discourage retention 
of residual material in cutblocks. Adherence to 
these ground rules may result in the loss of the 
structural complexity now present in young aspen 
stands of fire origin. 

Increased horizontal and vertical variation in 
habitat has been hypothesized to increase species 
diversity by providing more biophysical 
resources (MacArthur et al. 1962; Levins 1968). 
Several studies have demonstrated relationships 
between mammal diversity or abundance and 
plant community structure in grasslands (Masters 
1993; Hall and Willig 1994), in heathlands (Fox 
1982; 1990) and in tropical systems (August 
1983). Scrivner and Smith (1984) and Probst and 
Rakstad (1987) recorded different assemblages of 
mammal species in stands of different age in 
managed spruce-fir and aspen forests, 
respectively, but did not compare mammal 
assemblages with habitat structure. In contrast, 
Hansen et al. (1991) found few studies that 
demonstrated strong differences in mammal 
communities among unmanaged young, mature, 
and old-growth forests in the coastal northwest. 
None of these studies examined relationships 
between mammals and habitat structure in 
complex old-growth forests and few studies have 
examined these relationships in aspen 
mixedwood forests. Westworth et al. (1984) 
examined relationships between mammal species 
and aspen mixedwood forest age in Alberta, but 
only examined relationships for snowshoe hare 
and ungulates and did not study old forests. 

We studied young (20–30 years), mature (50–65 
years), and old (120+ years), pyrogenic aspen 
mixedwood stands in Alberta to (1) compare 
mammal species richness among three stand ages, 

(2) compare the relative abundance of mammal 
species among the three stand ages, and (3) 
determine relationships between mammal species 
richness and abundance, and forest community 
structure. 

This chapter provides an overview of all 
mammals species observed in this study. 
Ungulates, bats, and flying squirrels are discussed 
in greater detail in Chapters 9, 10, and 11, 
respectively. 

Methods 

Research stands and sites within stands were 
established as described in Chapter 1. The 
techniques used to quantify forest community 
structure are described in Chapters 3, 4, 5, and 6. 
Common and scientific names of mammal 
species detected in this study are presented in 
Appendix III. 

Small Mammal Trapping 
Each of the 72 sites (6 sites/stand, 4 stands/stand 
age, 3 stand ages) were trapped for three 
consecutive 24 h trapping periods from July to 
mid-August in 1992 and 1993. Traps were set in 
two stands of two different ages each week. The 
stands and order of stand ages in which we 
trapped were randomly selected to evenly 
distribute stand age over the entire trapping 
period. At each site, two snap traps (Victor  
Professional expanded pedal mouse trap, 
M325(M7), EKCO Canada Inc. Niagara Falls, 
ON), one pitfall trap (12 cm diameter, 30 cm 
long, galvanized air ducting pipe), and one live 
trap (Tomahawk number 102 live trap, 
Tomahawk Live Trap Company, Tomahawk, WI) 
(Plate 23) were set in plots at 20, 40, 60, and 80 
m along three perpendicular 100 m transects 
(Figure 8.1). During 1992, transects radiated from 
site center with the direction of the middle 
transect chosen randomly from eight directions 
(beginning at 15 degrees and spaced 45 degrees 
apart). During 1993, the direction of transects 
was rotated 90 degrees to ensure maximum 
coverage of the area. During 1992, live traps 
were set on the ground or on down logs to target 
red squirrel. During 1993, live traps were nailed 
to trees or snags approximately 2 m above the 
ground to target northern flying squirrel (Chapter 
11). Snap traps and live traps were baited with a 
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mixture of peanut butter and rolled oats. All 
mammals captured were identified to species 
(Macdonald et al. 1993) using keys from van Zyll 
de Jong (1983), Pattie and Hoffmann (1992), and 
Smith (1993). 
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Plots
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FIGURE 8.1. Small mammal trapping layout. Plots 
were set 20 m apart along perpendicular transects. 

 

Scat Counts 
Scat were identified (Halfpenny and Biesiot 
1986), counted, and removed from four 10 x 1 m 
permanent plots located within a 100 m radius of 
each site center (Figure 8.2). Plot locations were 
determined by a random selection of a point 
(from a 10 m grid overlay of the site sampling 
area) and a cardinal (N, W, S, E) direction. Scat 
were counted in the spring after snow melt and 
before emergence of understory vegetation and 
again in the fall after senescence of understory 
vegetation and before leaf drop. Additionally, 
ungulate scat were counted at four 100 x 2 m 
perpendicular transects radiating from each site 
center in the spring of 1993. Because sampling 
intensity was approximately similar at each site, 
incidental bear scat were collected throughout the 
spring, summer, and fall within 100 m of all sites 
during other standardized data collecting 
activities. 

Winter Track Counts 
Mammal tracks intersecting four, perpendicular 
100 m transects radiating from each site center 
were identified (Halfpenny and Biesiot 1986) and 
counted in January 1992 and February 1993 

(Figure 8.3). For each site, initial transect 
orientation was randomly selected from either a 
cardinal or intercardinal direction and was 
thereafter alternated to increase coverage of the 
area. Track counts were conducted on the same 
day in one randomly chosen young, mature, and 
old stand. Because we were not able to reliably 
distinguish coyote from red fox tracks, ermine 
from least weasel tracks, red squirrel from 
northern flying squirrel tracks, and white-tailed 
from mule deer tracks, we pooled tracks from 
these groups of species and conducted analyses 
on the pooled data. For reasons of simplicity, 
these species groups are hereafter referred to as 
species (e.g., squirrel, weasel) in the text. Deer 
are referred to as white-tailed deer for reasons 
referred to in Chapter 9. Because snowshoe hare 
and squirrels traveled along trails in deep snow 
that obscured the number of passages, we scored 
a single track of these species as one track, a light 
trail (passage of two or three animals) as two 
tracks, and a heavy trail (passage of more than 
three animals) as four tracks. Numbers of tracks 
were divided by the number of hours since the 
last snowfall event, then multiplied by 24 to give 
the number of tracks per day. We summed data 
from one partial survey in 1992 (12 sites in young 
stands and two sites in mature stands not 
surveyed) and from one complete survey in 1993 
(Chapter 9, Table 9.2) and conducted analyses on 
that pooled data. Data from sites surveyed during 
only one year were multiplied by two to balance 
sampling effort between years. 

Site
Center

10 m
2 m

  
FIGURE 8.2. Scat survey layout. 
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Site
Center

100 m

 
FIGURE 8.3. Winter track survey layout. Transect 
direction alternated between cardinal and intercardinal. 

 
Analyses 
For some mammal species, indices of abundance 
were measured using more than one technique. 
For those species, analyses were conducted using 
the method that yielded the most complete dataset 
(number of sites sampled) and, secondarily, the 
greatest numbers of detections. Trapping was 
used for small mammals; scat counts for black 
bear, snowshoe hare, and ungulates; track counts 
for all carnivores except black bear; and 
nocturnal ultrasound counts for bats (Chapter 10). 
Unless otherwise stated, analyses were 
considered significant at P<0.05. 

Species Richness 

Species richness was calculated using data from 
all techniques for each site, stand, and stand age. 
Richness was determined for both summer 
(snowfree period including spring, summer, and 
fall) and winter data. Differences in species 
richness among stand ages were contrasted using 
Kruskal-Wallis tests (Abacus Concepts 1992). 
We did not conduct analyses for those species 
observed fewer than three times, as there would 
not be an equal opportunity for those species to 
be detected in each stand age. 

Relative Abundance 

Differences in relative abundance of mammal 
species among years were evaluated using 
Wilcoxen signed rank tests, differences between 
years in the proportion of detections among stand 
ages were evaluated using Chi-squared goodness 
of fit tests (Abacus Concepts 1992), and 
differences in relative abundance of mammal 
species among stand ages using pooled data 

(1992 and 1993) were evaluated using Kruskal-
Wallis tests. Only species detected more than 10 
times were used in the analyses because of the 
bias associated with small numbers of detections. 
We contrasted abundance of mammals between 
stand ages using the Friedman test (Abacus 
Concepts 1992) and the following abundance 
categories: <1/3 detections in a stand age 
indicating a weak association with that stand age, 
1/3–2/3 of detections indicating a moderate 
association, and >2/3 of detections indicating a 
strong association. 

Forest Community Attribute Associations 

Mammal species richness was related to the 
"canopy heterogeneity" canonical discriminant 
function described in Chapter 7 (Table 7.5) using 
data from each young stand and using data from 
each stand age. This function is thought to 
represent the degree of canopy gap dynamics 
occurring in the stand and is related to stand 
complexity (Chapter 7). Differences between 
stands and between stand age were compared 
using Kruskal-Wallis tests. 

Because mammal abundance and forest 
community attributes were not normally 
distributed, we contrasted categories of 
abundance of mammals with median 
measurements of forest community attributes. 
Mammal species that were detected fewer than 10 
times in the entire survey were not included in 
the analyses. Species detected 11–50 times were 
classified as two categories (present or absent), 
those detected 51–100 times were classified as 
three categories (absent, present at one, and 
present at greater than one), and species that were 
detected greater than 100 times were classified as 
four categories (four approximately equal 
categories). The measurement of forest 
community attributes is described in Chapter 7. 
Live trees, snags, and DWM were separated into 
two groups based on size. Large refers to live 
trees and snags >20 cm diameter at breast height 
(DBH) and to DWM >20 cm diameter, and small 
refers to live trees 3–20 cm DBH, to snags 10–20 
cm DBH, and to DWM 20 cm diameter. These 
size categories were analyzed separately because 
mammals are known to respond to differences in 
these attributes (Thomas 1979; Hayes and Cross 
1987; Chapters 10, 11) and because 20 cm could 
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be used to separate pre-fire residual from post-
fire material in young stands (Chapter 3). 

Relative abundance categories of mammal 
species at each of the 72 sites were compared to 
12 forest community attributes that were 
expected to be important for mammals or birds 
(Chapter 7) using canonical discriminant analysis 
(SAS Institute Inc. 1989). In these analyses, 
functions were considered significant if P 0.10. 
We used this less stringent level of significance 
because the power of the test is dependent on the 
number of discriminant variables used in the test 
(Chapter 7) and was therefore low when few 
individuals of a species were measured. 

Significant canonical functions for individual 
species were compared, using correlations, to the 
canonical discriminant functions termed 
"successional stage" and "canopy heterogeneity" 
described in Chapter 7 (Fisher's r to z, Abacus 
Concepts 1992). 

Relative abundance for each mammal species was 
related to those forest community attributes that 
could be retained during harvesting (hereafter 
called forest harvest attributes). These variables 
included density of live trees >20 cm DBH, 
conifer density, birch density, density of snags 
>20 cm DBH, volume of DWM >20 cm diameter, 
and density of tall shrubs/saplings (a measure of 
canopy heterogeneity) (Chapter 7). Relationships 
between species abundance and forest harvest 
attributes were evaluated using forward stepwise 
logistic regression with backward elimination and 
a P<0.15 entry and exit level (SAS Institute Inc. 
1989). 

Results 

Species Richness 
The number of mammal species detected was 
similar between 1992 (15 summer, 8 winter) and 
1993 (19 summer, 8 winter) (Table 8.1). Over the 
two years, seven species during summer and four 
species during winter were detected more than 
100 times, and four species during summer and 
four species during winter were detected less than 
10 times (Table 8.1). For species detected more 
than 10 times, only meadow jumping mouse (not 
found in young stands) and northern flying 
squirrel (not found in mature stands) were not 

detected in stands of all ages (Table 8.2). Species 
richness differed significantly among stand ages 
at the site scale, but not at the stand or stand age 
scale for both summer and winter surveys (Table 
8.3). However, species richness followed a 
similar pattern at the stand and stand age scale as 
at the site scale. More species were detected in 
old stands than in young or mature stands during 
summer, and more species were detected in old 
and young stands than mature stands during 
winter, at all scales (Table 8.3). 

Relative Abundance 
Numbers of detections of shrews, squirrels, and 
voles in summer, and snowshoe hare, squirrel, 
and weasel in winter varied significantly between 
1992 and 1993 (Table 8.1). Between 1992 and 
1993, shrew and heather vole detections 
increased, summer squirrel detections varied with 
the trapping technique, and southern red-backed 
vole, meadow vole, winter snowshoe hare, 
squirrel, and weasel detections decreased (Table 
8.1). Although year effects were observed for 
several species, the proportion of detections in 
young, mature, and old stands differed between 
years for only masked shrew and red squirrel in 
summer and for snowshoe hare, squirrel, and 
moose in winter (Table 8.2). Greatest detections 
in both years occurred in old stands for masked 
shrew and in young stands for snowshoe hare. 
Annual variation in red squirrel and winter moose 
detections may have been the result of sampling 
intensity as only eight red squirrel were captured 
in 1993 (41 in 1992) because traps were set in 
trees to target northern flying squirrels, and only 
17 moose scat were detected in 1992 because scat 
were sampled at 40 m2 compared to 840 m2 / site 
in 1993 (Chapter 9). 

Abundance differed between stand age for 10 of 
the 16 species of mammals tested during summer 
and for five of the six species tested during 
winter (Table 8.2). Red-backed vole and masked 
shrew were trapped more frequently than other 
mammals and both species were significantly 
more abundant in old stands, followed by young 
stands, and least abundant in mature stands 
(Table 8.2). Deer mice were the most abundant 
small mammal in mature stands, and snowshoe 
hare the most abundant small mammal in young 
stands (Table 8.2). 
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Of the mammal species whose abundance 
differed significantly among stand ages during 
summer, six were most abundant in old stands, 
three were most abundant in mature stands, and 
one was most abundant in young stands (Table 
8.2). During winter, two species were more 
abundant in old stands, three in young stands, and 
none in mature stands. There was a significant 
difference ( 2=6.9, P=0.03) in rank of abundance 
using all species and seasons combined with old 
stands ranking highest (2.4), followed by young 
stands (1.9), followed by mature stands (1.7). A 
classification criteria of thirds (<1/3, 1/3–2/3, 
>2/3) was used for mammal abundance to 
evaluate the strength of mammal species 
association with stand age; association with old 

stands was moderate to strong for 12 of 16 
species in summer and for four of six species in 
winter. For young stands, association was 
moderate to strong for six of 16 species in 
summer and for three of six species in winter. 
Association with mature stands was moderate to 
strong for three of 16 species in summer and for 
one of six species of mammals in winter (Figure 
8.4). Deer mouse, black bear, and coyote/fox 
associated more strongly with mature stands than 
young and old stands. Meadow jumping mouse 
associated more strongly with mature and old 
stands than young stands and all other species of 
mammals associated most strongly with old, 
young, or both old and young stands. 
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TABLE 8.1. Number of detections by season and number of sites (N=72) at which mammals were detected in aspen 
mixedwood forests in Alberta during 1992 and 1993. Differences between years were compared using Wilcoxen 
signed rank tests (Z). NS indicates not sampled, NSD indicates not sampled but detected, and NA indicates not 
analyzed. Statistically significant relationships presented in bold text. 

Mammal Species  1992  1993    Sites Difference 
       Z   P 

Summer      

Masked Shrew 59 280 65 –6.2 <0.001 
Dusky Shrew 8 66 41 –5.2 <0.001 
Arctic Shrew 0 15 8 –2.6 <0.01 
Pygmy Shrew 31 146 62 –6.0 <0.001 
Myotis Bat spp. NS 802 32  NA 
Silver-haired Bat NS 181 23  NA 
Big Brown Bat NS 23 6  NA 
Snowshoe Hare 281 NSD 32  NA 
Woodchuck 4 NS 3  NA 
Red Squirrel 41 8 26 –3.7 <0.01 
Northern Flying Squirrel 1 10 9 –2.3 0.02 
Deer Mouse 123 90 47 –1.3 0.2 
Southern Red-backed Vole 549 182 71 –6.3 <0.001 
Heather Vole 0 4 4 –2.0 0.05 
Meadow Vole 35 5 16 –3.5 <0.001 
Northern Bog Lemming 1 2 3 –0.6 0.6 
Meadow Jumping Mouse 5 8 13 –0.8 0.4 
Black Bear 49 30 28 –0.3 0.7 
White-tailed Deer 56 NSD 31  NA 
Moose 9 NSD 8  NA 

Winter      
Snowshoe Hare 4887 1141 42 –5.6 <0.001 
Squirrel 8.5 32.8 33.0 –2.9 <0.01 
Coyote/Fox 7.2 6.3 18 –0.5 0.7 
Gray Wolf 0 0.3 1.0  NA 
Fisher 1.9 0 3.0 –1.6 0.1 
Weasel 70.9 34.6 50.0 –3.4 <0.01 
Wolverine 0 1.2 2  NA 
Canada Lynx 0.5 0 1  NA 
White-tailed Deer

a
 90 645 68  NA 

Moose
a
 17 116 59  NA 

a standard scat data in 1992 versus standard scat data plus scat supplement data in 1993 (Chapter 9).
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TABLE 8.2. Number of detections (N>10) of mammal species in three ages of aspen mixedwood stands in Alberta 
during summer and winter (1992 and 1993 data combined). Differences between years in the proportion of detections 
in young, mature, and old stands were determined using Chi-squared tests ( 2, df=2) and differences in number of 
detections between stand ages were determined using Kruskal-Wallis tests (H, df=2). NA indicates not analyzed. 
Statistically significant relationships presented in bold text.  

 Number of Detections                             Difference 
 by Stand Age           Stand Age by Year       Stand Age 
Mammal Species Young  Mature     Old 2           P           H          P 

Summer        
Masked Shrew 86 75 178 19.2 <0.001 12.9 <0.001 
Dusky Shrew 22 17 35 0.6 0.73 4.8 0.09 
Arctic Shrew 8 2 5 NA  0.4 0.84 
Pygmy Shrew 78 39 60 0.9 0.65 4.8 0.09 
Myotis Bat spp. 5.1 184.9 705.9 NA  21.9 <0.001 
Silver-haired Bat 66.0 19.6 99.1 NA  0.2 0.23 
Big Brown Bat 1.0 3.2 12.4 NA  2.9 0.23 
Snowshoe Hare 237 12 32 NA  34.7 <0.001 
Red Squirrel 14 4 31 10.2 <0.01 12.2 <0.001 
Northern Flying Squirrel 3 0 8 4.3 0.12 6.8 0.03 
Deer Mouse 28 127 58 5.6 0.06 13.7 <0.001 
Southern Red-backed Vole 251 115 365 2.5 0.28 22.9 <0.001 
Meadow Vole 2 6 32 1.5 0.46 12.0 <0.001 
Meadow Jumping Mouse 0 8 5 NA  9.1 <0.01 
Black Bear 5 54 20 5.7 0.06 8.2 0.02 
White-tailed Deer 24 9 22 NA  1.8 0.41 

Winter        
Snowshoe Hare 5833 91 104 37.6 <0.001 60.0 <0.001 
Squirrel 27.7 2.8 21.9 9.0 0.01 10.5 <0.01 
Coyote/Fox 2.7 7.6 3.4 3.3 0.19 1.6 0.46 
Weasel 28.1 13.6 67.0 3.1 0.22 12.7 <0.01 
White-tailed Deer 125 157 353 1.8 0.41 25.9 <0.001 
Moose 62 18 47 6.7 0.03 21.8 <0.001 

 
 

 

TABLE 8.3. Mammal species richness during summer and winter in young, mature, and old aspen mixedwood stands 
in Alberta during 1992 and 1993. Richness (mean  1 S.E.) was determined at three scales (site, stand, and stand age) 
and differences were contrasted using Kruskal-Wallis tests (H, df=2). NA indicates not analyzed. Statistically 
significant relationships presented in bold text.  

     Species Richness    Difference 
Scale/Season Young Mature Old H P 

Summer      
Site 7.0±0.4 6.3±0.3 8.9±0.4 19.6 <0.001 
Stand 13.5±1.2 12.5±0.5 16.3±0.9 5.6 0.06 
Stand Age 
 

18 17 20          NA 

Winter      
Site 4.1±0.2 3.3±0.2 4.0±0.2 9.3 0.01 
Stand 5.8±0.6 5.5±0.3 6.0±0.4 0.9 0.64 
Stand Age 7 6 7          NA 

 

 

 



 

 172 

MAMMAL SPECIES STAND AGE ASSOCIATION

Young Mature Old

Summer

Arctic Shrew Young

Snowshoe Hare 

Py gmy Shrew

Silver-haired Bat Young and Old

Southern Red-backed Vole

White-tailed Deer 

Deer Mouse Mature

Black Bear

Meadow Jumping Mouse Mature and Old

Masked Shrew

Dusky Shrew

Red Squirrel 

Big Brown Bat Old

Myot is Bat spp.

Meadow Vole

Northern Flying Squirrel

Winter

Snowshoe hare Young

Squirrel Young and Old

Moose 

Coyote/Fox Mature

Weasel Old

White-tailed Deer 

>2/3 of  detections

1/3–2/3 of  detections

<1/3 of  detections

 
FIGURE 8.4. Summer and winter associations of mammal species with young, mature, and old aspen mixedwood 
stands in Alberta (1992 and 1993 data combined). Detections of <1/3, 1/3–2/3, >2/3 indicate weak, moderate, and 
strong associations, respectively. 

 

 

 

 
Forest Community Attribute Associations 

Associations Between Mammal Species Richness 

and Canopy Heterogeneity 

Mammal species richness (summer and winter 
combined) and canopy heterogeneity among 
young stands were not significantly related, 
although richness and canopy heterogeneity were 
both lowest in stand 2 and highest in stand 1 
(Figure 8.5). Mammal species richness and 

canopy heterogeneity among stand ages were 
significantly related (P<0.001) as they were both 
highest in old stands, intermediate in young 
stands, and lowest in mature stands (Figure 8.5). 
Mammal species richness appears to follow the 
pattern of canopy heterogeneity (structural 
complexity) among stands and among stand ages. 
Plates 11, 12, and 13 illustrate the general 
patterns of complexity of young, mature, and old 
stands, respectively. 
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FIGURE 8.5. Patterns of mammal species richness and canopy heterogeneity among young stands (left) and among 
stands of different age (right) in aspen mixedwood forests in Alberta. An arbitrary value of 5 was added to canopy 
heterogeneity for illustration purposes. 

Associations Between Mammal Abundance and 

Forest Community Attributes 

Significant canonical functions relating mammal 
abundance and forest community attributes 
occurred for seven of 16 mammal species in 
summer and for five of six species in winter 
(Table 8.4). Although their abundance differed 
significantly among stand age (Table 8.2), 
significant canonical functions were not present 
for Myotis bat spp., northern flying squirrel, 
meadow jumping mouse, and black bear. Myotis 
bat spp. and black bear were detected at 32 and 
28 sites while northern flying squirrel and 
meadow jumping mouse were detected at only 9 
and 13 sites, respectively (Table 8.1). 

The canonical functions for most mammal 
species were significantly correlated with 
successional stage (Table 8.4). Correlations were 
positive for species that showed a moderate to 
strong association with mature or old stands (deer 
mouse, meadow vole, red squirrel, winter weasel, 
and winter white-tailed deer), negative for 
species that showed a strong association with 
younger stands (winter and summer snowshoe 
hare), and non-significant for species that showed 
an association with both old and young stands 
(pygmy shrew, southern red-backed vole, and 
winter squirrel) (Figure 8.4 and Tables 8.6–8.9). 
Winter moose showed a moderate to strong 
association with old and young stands; however, 

the canonical function was negatively correlated 
with successional stage. The first significant 
canonical functions for all mammal species were 
positively correlated with canopy heterogeneity 
except for deer mouse, which was negatively 
correlated (Table 8.4). 

Summer – Correlations between forest 
community attributes and mammal abundance in 
summer are summarized in Table 8.5a. Masked 
shrew were positively associated with density of 
birch, large snags and shrub/saplings, and 
negatively related to small tree density (Table 
8.6, Figure 8.6). Pygmy shrew were positively 
associated with density of willow, large live 
trees, birch trees, and volume of small DWM and 
grass cover, and were negatively related to herb 
cover (Table 8.6, Figure 8.7). Snowshoe hare (1st 
canonical function) were positively related to 
density of small trees, shrub/saplings and willow, 
and were negatively related to large tree density, 
birch tree density and shrub species richness. 
Snowshoe hare (2nd canonical function) were 
positively related to density of small trees and 
willow, positively associated with grass cover, 
and negatively related to conifer density (Table 
8.7, Figure 
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TABLE 8.4. Correlation (r) between the canonical discriminant function for mammal abundance in summer and winter 
and 12 forest community attributes, and the canonical discriminant functions for successional stage and canopy 
heterogeneity, in aspen mixedwood forests in Alberta. Statistically significant relationships presented in bold text.  

 Forest Community Attributes Successional Stage Canopy Heterogeneity 

Mammal Species r P r P r P 

Summer       

Masked Shrew 0.63 0.05 0.43 <0.001 0.35 <0.01 

Dusky Shrew 0.54 0.29     

Arctic Shrew 0.42 0.47     

Pygmy Shrew 0.71 0.06 –0.08 0.53 0.60 <0.001 

Myotis Bat spp. 0.65  0.13     

Silver-haired Bat 0.57 0.28     

Big Brown Bat 0.49 0.21     

Snowshoe Hare
a
  0.82  

(0.53) 
<0.001 
(0.07) 

–0.77 
(–0.36) 

<0.001 
(<0.01) 

0.27 
(0.08) 

0.02 
(0.49) 

Red Squirrel 0.62 0.02 0.32 <0.01 0.51 <0.001 

Northern Flying Squirrel 0.44 0.31     

Deer Mouse
a
 0.67  

(0.53) 
<0.001 
(0.06) 

0.41 
(0.05) 

<0.001 
(0.70) 

–0.53 
–(0.29) 

<0.001 
(0.01) 

Southern Red-backed Vole 0.67 0.03 –0.09 0.47 0.73 <0.001 

Meadow Vole 0.70 <0.001 0.44 <0.001 0.26 0.03 

Meadow Jumping Mouse 0.43 0.36     

Black Bear 0.52 0.29     

White-tailed Deer 0.52 0.25     

Winter 
      

Snowshoe Hare 0.92 <0.001 –0.96 <0.0001 0.24 0.04 

Squirrel 0.65  <0.01 0.08 0.53 0.52 <0.001 

Coyote/Fox 0.35 0.74     

Weasel 0.61 0.06 0.32 <0.01 0.45 <0.001 

White-tailed Deer 0.74 <0.001 0.66 <0.001 0.40 <0.001 

Moose 0.72  <0.01 –0.48 <0.001 0.66 <0.001 
a
  indicates species with two significant canonical functions. 

( )  indicates values for the second significant canonical function. 

 

 

 

8.8). Red squirrel were positively associated with 
density of large snags, shrub/saplings, and large 
trees, and negatively associated with density of 
small trees (Table 8.8, Figure 8.10). Deer mouse 
(1st canonical function) were positively 
associated with large DWM and negatively 
related to grass cover, willow, and small tree 
density. Deer mouse (2nd canonical function) 
were positively associated with large DWM and 
negatively related to shrub species richness and 
birch density (Table 8.9, Figure 8.12). Meadow 
vole were positively related to density of birch, 
conifers, and large snags, positively related to 
grass cover, and negatively related to small tree 
density (Table 8.9, Figure 8.13). Southern red-
backed vole were positively related to density of 

shrub/saplings, birch, large snags, and small and 
large DWM, and were negatively related to herb 
cover (Table 8.9, Figure 8.14). 

As evaluated by the species canonical functions 
in winter, in which forest community attributes 
entered positively (Table 8.5a), the order was 
shrub/sapling density, birch density and large 
snag density (4), grass cover (3), willow density, 
small tree density, and large and small DWM 
volume (2), small tree and conifer density (1), 
and herb cover and shrub species richness (0). 
The order of forest community attributes that 
were negatively related to canonical functions 
was small tree density (4), birch density, herb 
cover, and shrub species richness (2), large tree 
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density, conifer density, grass cover, and willow 
density (1), and large snag density, shrub/ sapling 
density, and large and small DWM volume (0). 

Winter – Correlations between forest community 
attributes and mammal abundance in winter are 
summarized in Table 8.5b. Snowshoe hare were 
positively associated with density of small trees, 
willow and shrub/saplings, and negatively related 
to shrub species richness and density of large 
trees, conifers, birch, and large DWM (Table 8.7, 
Figure 8.9). Squirrels were positively associated 
with density of birch, small and large DWM, herb 
cover, and shrub species richness (Table 8.8, 
Figure 8.11). Weasel were positively related to 
density of large snags, large trees, birch trees, and 
large DWM volume, grass cover, and shrub 
species richness (Table 8.9, Figure 8.15). White-
tailed deer were positively related to shrub 
species richness and to density of large trees, 

birch, large snags and large DWM, and were 
negatively related to density of small trees 
(Chapter 9). Moose were positively related to 
density of shrub/saplings and small trees, and 
negatively related to conifer density (Chapter 9).  

As evaluated by the canonical functions on which 
forest community attributes entered positively 
(Table 8.5b), the order was birch tree density (3), 
small tree density, large tree density, large snag 
density, large and small DWM, grass cover, 
shrub/sapling density, and shrub species richness 
(2), and willow density (1). The order of forest 
community attributes that were negatively related 
to canonical functions was conifer density (2), 
small tree density, large tree density, birch 
density, and large DWM volume (1). 

 

 

TABLE 8.5a. Loading strength (correlations) and direction (+ or –) of forest community attributes in explaining 
abundance of mammal species detected in summer in aspen mixedwood forests in Alberta, 1992–1993. Values were 
determined from significant (P 0.10) canonical discriminant analyses. Correlations for a second significant canonical 
function are presented in brackets. Correlation values of 0.3–0.5 are moderate (M), and >0.5 are strong (S), in 
explaining variance associated with the function. 

Species Detected in Summer 
 
Forest Community Attributes 

Masked 
Shrew 

Pygmy 
Shrew 

Snowshoe
a
  

Hare 
Red 

Squirrel 
Deer 

a      

Mouse 
Southern Red-
Backed Vole 

Meadow 
Vole 

Tree (3–20 cm DBH) Density  –M   +S (+M)  –M –M    –M 

Tree (>20 cm DBH) Density   +M  –S   +M     

Conifer Density    (–M)      +M 

Birch Density  +M  +M  –M    (–M) +M  +S 

Snag (>20 cm DBH) Density  +M     +S   +M  +M 

DWM ( 20 cm diameter) Volume    +M      +M  

DWM (>20 cm diameter) Volume       +M (+M) +M  

Grass Cover (%)   +M  (+M)  –S    +M 

Herb Cover (%)   –S      –S  

Shrub/Sapling Density  +M   +S   +S   +S  

Willow Density    +S  +M (+M)  –S    

Shrub Species Richness    –M    (–M)   
a
  indicates species with two significant canonical functions. 

( )  indicates values for the second significant canonical function. 
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TABLE 8.5b. Loading strength (correlations) and direction (+ or –) of forest community attributes in explaining 
abundance of mammal species detected in winter in aspen mixedwood forests in Alberta, 1992–1993. Values were 
determined from canonical discriminant analyses with a significant (P 0.10) canonical function. Correlation values of 
0.3–0.5 are moderate (M), and >0.5 are strong (S), in explaining variance associated with the function. 

 Species Detected in Winter 

Forest Community Attributes Squirrel Snowshoe Hare Weasel White-tailed Deer Moose 

Tree (3–20 cm DBH) Density   +S   –S  +M 

Tree (>20 cm DBH) Density   –S +M  +S  

Conifer Density   –M    –M 

Birch Density  +M  –M +M  +S  

Snag (>20 cm DBH) Density   +S  +S  

DWM ( 20 cm diameter) Volume   +M  +M   

DWM (>20 cm diameter) Volume   +M  –M   +S  

Grass Cover (%)  +M  +M   

Herb Cover (%)      

Shrub/Sapling Density   +M    +S 

Willow Density    +S    

Shrub Species Richness   –S +M   +S  

 
 

TABLE 8.6. Correlations between forest community attributes and the canonical discriminant analysis functions used 
to separate abundance categories for masked shrew and pygmy shrew in aspen mixedwood forests in Alberta. 
Significant (P<0.05) correlations between the mammal species canonical discriminant functions and the forest stage 
canonical discriminant functions (successional stage and canopy heterogeneity) are presented at the bottom of the 
table. Moderate to strong correlations ( 0.30) are presented in bold text. 

 Masked Shrew   Pygmy Shrew 
Forest Community Attribute       

Tree (3–20 cm DBH) Density  –0.49   0.14  

Tree (>20 cm DBH) Density  0.14   0.31  

Conifer Tree Density  0.26   0.07  

Birch Tree Density  0.42   0.35  

Snag (>20 cm DBH) Density  0.30   0.28  

DWM ( 20 cm diameter) Volume   –0.25   0.44  

DWM (>20 cm diameter) Volume   –0.00   0.14  

Grass Cover (%)  –0.00   0.33  

Herb Cover (%)  –0.13   –0.57  

Shrub/Sapling Density  0.39   0.28  

Willow Density   –0.28   0.51  

Shrub Species Richness  0.27   0.25  

       

Wilks' Lambda  1.5   1.5  

P (df)   0.05 (36, 169)   0.06 (36, 169)  

Proportion Explained  0.41   0.38  

Correlation With:       

Successional Stage (r)  +0.43     

Canopy Heterogeneity (r)  +0.35   +0.60  
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FIGURE 8.6. Frequency distribution of masked shrew abundance categories in relation to the canonical discriminant 
analysis function determined from 12 forest community attributes in aspen mixedwood forests in Alberta. 

 

 

 
 

FIGURE 8.7. Frequency distribution of pygmy shrew abundance categories in relation to the canonical discriminant 
analysis function determined from 12 forest community attributes in aspen mixedwood forests in Alberta. 
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TABLE 8.7. Correlations between forest community attributes and the canonical discriminant analysis functions used 
to separate summer and winter abundance categories for snowshoe hare in aspen mixedwood forests in Alberta. 
Significant (P<0.05) correlations between the mammal species canonical discriminant functions and the forest stage 
canonical discriminant functions (successional stage and canopy heterogeneity) are presented at the bottom of the 
table. Moderate to strong correlations ( 0.30) are presented in bold text. 

 Snowshoe Hare (summer)  Snowshoe Hare (winter) 

      1         2       1  
Forest Community Attributes       

Tree (3–20 cm DBH) Density  0.75   0.43   0.96  

Tree (>20 cm DBH) Density –0.62    0.03   –0.67  

Conifer Density  –0.07   –0.37  –0.34  

Birch Density –0.41  –0.02  –0.36  

Snag (>20 cm DBH)  Density  –0.20  –0.05   –0.25  

DWM ( 20 cm diameter) Volume    0.05   0.21   –0.02  

DWM (>20 cm diameter) Volume   –0.26  –0.12  –0.45    

Grass Cover (%)  –0.03  0.41     0.13    

Herb Cover (%)  –0.07   0.29    –0.09  

Shrub/Sapling Density  0.53  –0.09     0.41  

Willow Density   0.31   0.46    0.63  

Shrub Species Richness –0.49  –0.11  –0.51   

      

Wilks' Lambda 3.4 1.5  4.8  

P  (df)  <0.001 (36, 163) 0.07 (22, 112)  <0.001 (36, 169)  

Proportion Explained 0.67 0.28  0.84  

Correlation With:      

Successional Stage (r) –0.77 –0.36  –0.96  

Canopy Heterogeneity (r) +0.27   +0.24  
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FIGURE 8.8. Frequency distribution of snowshoe hare abundance categories in summer in relation to two canonical 
discriminant analysis functions determined from 12 forest community attributes in aspen mixedwood forests in 
Alberta. 

 

 
FIGURE 8.9. Frequency distribution of snowshoe hare abundance categories in winter in relation to the canonical 
discriminant analysis function determined from 12 forest community attributes in aspen mixedwood forests in 
Alberta. 



 

 180 

TABLE 8.8. Correlations between forest community attributes and the canonical discriminant analysis functions used 
to separate squirrel abundance categories in aspen mixedwood forests in Alberta. Significant (P<0.05) correlations 
between the mammal species canonical discriminant functions and the forest stage canonical discriminant functions 
(successional stage and canopy heterogeneity) are presented at the bottom of the table. Moderate to strong 
correlations ( 0.30) are presented in bold text.  

 Red Squirrel (summer) 1   Squirrel (Winter) 1 
Forest Community Attributes       

Tree (3–20 cm DBH) Density –0.34    –0.04   

Tree (>20 cm DBH) Density  0.32     0.06   

Conifer Density   0.24     0.28   

Birch Density  –0.13    0.48    

Snag (>20 cm DBH) Density  0.63     0.23    

DWM ( 20 cm diameter) Volume    0.02    0.39    

DWM (>20 cm diameter) Volume    0.14    0.44   

Grass Cover (%)   0.17    0.47   

Herb Cover (%)   –0.04     –0.23    

Shrub/Sapling Density  0.58     0.29   

Willow Density   –0.19     0.13     

Shrub Species Richness   0.06     0.17    

       

Wilks' Lambda 1.8   2.2   

P (df)  0.02 (24, 116)   0.42 (24, 116)   

Proportion Explained 0.38      

Correlation With:       

Successional Stage +0.32      

Canopy Heterogeneity +0.51   +0.52   
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FIGURE 8.10. Frequency distribution of red squirrel abundance categories in summer in relation to the canonical 
discriminant analysis function determined from 12 forest community attributes in aspen mixedwood forests in 
Alberta. 

 

 

 
 

 
FIGURE 8.11. Frequency distribution of squirrel track abundance categories in winter in relation to the canonical 
discriminant analysis function determined from 12 forest community attributes in aspen mixedwood forests in 
Alberta. 
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TABLE 8.9. Correlations between forest community attributes and the canonical discriminant analysis functions used 
to separate abundance categories for deer mouse, meadow vole, southern red-backed vole, and weasel in aspen 
mixedwood forests in Alberta. Significant (P<0.05) correlations between the mammal species, canonical discriminant 
functions, and the forest stage canonical discriminant functions (successional stage and canopy heterogeneity) are 
presented at the bottom of the table. Moderate to strong correlations ( 0.30) are presented in bold text. 

 Deer Mouse Southern Red- 
backed Vole 

Meadow Vole Weasel 

 1 2 1 1 1 

Forest Community Attributes      

Tree (3–20 cm DBH) Density –0.49 0.01 0.07 –0.44 –0.29 

Tree (>20 cm DBH) Density 0.02 0.05 –0.03 0.16 0.50 

Conifer Density –0.17 0.10 0.09 0.32 –0.21 

Birch Density 0.08 –0.35 0.33 0.52 0.44 

Snag (>20 cm DBH) Density –0.27 –0.13 0.41 0.31 0.60 

DWM ( 20 cm diameter) Volume 0.13 –0.19 0.44 –0.08 0.39 

DWM (>20 cm diameter) Volume 0.42 0.36 0.31 –0.02 0.25 

Grass Cover (%) –0.55 –0.06 0.20 0.46 0.45 

Herb Cover (%) 0.13 –0.18 –0.55 –0.22 0.21 

Shrub/Sapling Density –0.23 0.27 0.72 –0.11 0.22 

Willow Density  –0.59 0.00 0.25 –0.25 0.00 

Shrub Species Richness 0.13 –0.37 –0.08 0.07 0.34 

      

Wilks' Lambda 2.2 1.6 1.6 4.6 1.5 

df 36, 169 22, 116 36, 169 12, 59 36, 169 

P <0.001 0.06 0.03 <0.001 0.06 

Proportion Explained 0.45 0.28 0.44 0.49 0.37 

Correlation With:      

Successional Stage +0.41   +0.44 +0.32 

Canopy Heterogeneity  –0.54 –0.29 +0.73 +0.26 +0.45 
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FIGURE 8.12. Frequency distribution of deer mouse abundance categories in relation to two canonical discriminant 
analysis functions determined from 12 forest community attributes in aspen mixedwood forests in Alberta. 

 

 
FIGURE 8.13. Frequency distribution of meadow vole abundance categories in relation to the canonical discriminant 
analysis function determined from 12 forest community attributes in aspen mixedwood forests in Alberta. 
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FIGURE 8.14. Frequency distribution of red-backed vole abundance categories in relation to the canonical 
discriminant analysis function determined from 12 forest community attributes in aspen mixedwood forests in 
Alberta.  

 
FIGURE 8.15. Frequency distribution of weasel abundance categories in winter in relation to the canonical 
discriminant analysis function determined from 12 forest community attributes in aspen mixedwood forests in 
Alberta. 
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Mammal Abundance and Forest Harvest Attributes 

Of the 21 mammal species by season 
combinations examined, all but arctic shrew and 
silver-haired bat had at least one of the forest 
harvest attributes enter the logistic model and 11 
species had two or more forest harvest attributes 
enter the model (Table 8.10). The majority of the 
significant attributes (73%) were positively 
related to mammal abundance. All attributes 
entered first and positive for at least one mammal 
species in summer. During winter, only conifer 
density and coarse DWM did not enter the model 
first and positively. Abundance of five mammal 
species in summer and three in winter was 
significantly and positively associated with 
density of shrubs/saplings, abundance of three 
species in summer and one species in winter was 
significantly and positively associated with 
volume of large DWM, abundance of two species 
in summer and one species in winter was 
significantly associated with density of large trees 
and birch trees, abundance of one species in 

summer and one species in winter was 
significantly and positively associated with 
density of large snags, and abundance of two 
species in summer was significantly and 
positively associated with conifer density (Table 
8.10). Abundance of red squirrel and northern 
flying squirrel in summer was positively 
associated with density of shrubs/saplings and 
conifer and abundance of squirrel in winter 
(combined red squirrel and northern flying 
squirrel) was positively associated with density of 
shrubs/saplings and conifer. Abundance of 
snowshoe hare was positively associated with 
density of shrubs/ saplings and negatively 
associated with density of large trees in both 
summer and winter. In contrast, abundance of 
white-tailed deer was positively associated with 
density of large trees and shrubs/saplings and 
negatively associated with density of large snags 
in summer. In winter, white-tailed deer were 
positively associated with density of large trees 
and birch, and volume of large DWM in winter. 

 

TABLE 8.10. Associations between abundance of mammals in summer and winter and forest harvest attributes in 
aspen mixedwood forests. Associations expressed as direction (+ or –), rank of entry into the logistic regression model 
and significance of the maximum likelihood estimate (in brackets). Significant associations (P<0.30) are presented in 
bold text. Large refers to >20 cm DBH and to >20 cm diameter. 

 Large Tree Conifer Birch Large Snag Large DWM Shrub/Sapling 
Mammal Species Density Density Density Density Volume Density 

Summer       

Masked Shrew   +1(0.05) +2(0.12)   
Dusky Shrew –2(0.02) +3(0.07)  +1(<0.01)   
Arctic Shrew       
Pygmy Shrew   +1(0.10)    
Myotis Bat spp. +1(0.01)    +2(0.07)  
Silver-haired Bat       
Big Brown Bat  +1(0.03) +2(0.14)    
Snowshoe Hare –1(<0.001) +3(0.12)   +4(0.12) +2(<0.001) 
Red Squirrel  +2(0.12)    +1(<0.01) 
Northern Flying Squirrel   +2(0.03)    +1(0.01) 
Deer Mouse    –2(0.03) +1(<0.01)  
Southern Red-backed 
Vole 

–3(0.01)  +4(0.04)  +2(0.01) +1(<0.001) 

Meadow Vole   +1(<0.01)    
Meadow Jumping Mouse +1(0.05)      
Black Bear     +1(0.03) –2(0.11) 
White-tailed Deer +1(<0.01)   –2(0.02)  +3(0.02) 

Winter       
Snowshoe Hare –1(<0.001)     +2(<0.01) 
Squirrel –4(0.03) +5(0.06) +1(0.02)  +2(0.01) +3(0.02) 
Coyote/Fox       
Weasel  –2(0.04) +3(0.09) +1(<0.01)   
White-tailed Deer +1(<0.01)  +2(0.09)  +3(0.10)  
Moose  –2(0.10)    +1(<0.001) 
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Discussion 

Species Richness 
Although mammal species richness varied among 
the three stand ages with old stands having the 
highest richness, young stands having 
intermediate richness, and mature stands having 
the lowest richness at site, stand, and stand age 
scale, differences were statistically significant 
only at the site scale. Because scale (site, stand, 
stand age) and intensity of sampling are 
monotonically related, it is unlikely that 
differences in species richness would occur at an 
exhaustive level of sampling. Species richness is 
thus confounded by relative abundance among 
stand ages. Having noted this complication, we 
do suggest that patterns in species richness 
observed at the site scale reflect meaningful 
ecological patterns of mammal distribution. 

Mammal species richness may have been greatest 
in old stands, moderate in young stands, and 
lowest in mature stands because old stands were 
more structurally complex, young stands were 
moderately complex, and mature stands were 
least complex. Structural complexity of the stand 
is enhanced by greater variability of forest 
community attributes such as the height and 
composition of the canopy trees, dead material 
(snags and DWM), and shrub and herbaceous 
strata. Complex forests may allow more mammal 
species to co-exist than simple forests. 
MacArthur et al. (1962) and Levins (1968) 
hypothesized that increased habitat complexity 
would result in higher vertebrate diversity 
because complex habitats provide more niches. 
August (1983) recorded an increase in species 
richness of mammals with vertical habitat 
complexity but not with horizontal heterogeneity. 
Nagorsen and Peterson (1981) noted an increase 
in abundance and diversity of small mammals in 
mixed forests in Ontario with greater diversity of 
tree and shrub species and shrub density. Fox 
(1982) noted a linear relationship between habitat 
diversity and diversity of fire-adapted mammals 
in Australian heathland communities. Patchiness 
(horizontal structure) may promote enrichment of 
rodent fauna in forest ecosystems (Banach 1987). 
In contrast, Raphael (1984), Anthony et al. 
(1987) and Corn et al. (1988) found no 
differences in mammal species richness between 

young, mature, and old-growth Douglas fir 
forests. The relationship between structural 
complexity and mammal species richness may 
differ between conifer forests and mixedwood 
forests, or sampling techniques for both mammal 
species richness and forest structure may account 
for the differences in patterns detected. 
Nonetheless, our study, using a diversity of 
techniques and sampling a diversity of mammal 
guilds, showed a trend of increasing mammal 
species richness with increasing forest 
complexity supporting the hypotheses of 
MacArthur et al. (1962) and Levins (1968). 

Relative Abundance and Stand Age 
Indices of abundance varied greatly among years 
for some mammal species. Part of this variation 
may have been due to differences in moisture. 
Precipitation during 1992 was lower than in 1993 
(Chapter 2). Wrigley et al. (1979) and 
MacCracken et al. (1985) found a numerical 
response of shrews to moisture levels and that 
may have been the reason for the greater 
abundance of shrews we detected during 1993. 
Winter track counts indicate a substantial 
increase in squirrel tracks/day from 8.5 in 1992 to 
32.8 in 1993. These data were based on a single 
survey in each year and are confounded by being 
unable to distinguish red squirrel from northern 
flying squirrel tracks and by temperature 
differences between surveys. Mean daily 
temperatures were higher during the survey in 
1993 than in 1992, and both red squirrel and 
northern flying squirrel winter activity increases 
with winter temperature (Zirul and Fuller 1970; 
Mowrey and Zasada 1984). Vole and hare 
population are known to be cyclic in northern 
regions (Krebs and Myers 1974; Keith and 
Windberg 1978). The decline in southern red-
backed vole, meadow vole, and snowshoe hare 
that we detected between 1992 and 1993 may 
reflect a decline phase of this cycle. Snowshoe 
hare populations began a decrease phase of the 
cycle during 1990–1991 in some regions of 
Alberta (Roy et al. 1991). Hare abundance may 
have been higher in young aspen stands because 
of protective cover from predators, because of 
abundant forage offered by high densities of 
shrub/saplings, and because of abundant DWM in 
these stands (Wolfe et al. 1982; Carreker 1985; 
Litvaitis et al. 1985; Radvanyi 1987). Down 
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woody material, when covered by snow, provides 
excellent thermal and protective cover for hares 
and provides a platform to access tall browse 
(Westworth et al. 1984). The decline in 
abundance of weasel between 1992 and 1993 
may reflect a lower prey abundance, as weasel 
abundance has been shown to be related to vole 
availability (Tapper 1979; Raymond and 
Bergeron 1982; Delattre 1983; Korpimaki et al. 
1991). 

Few studies have examined differences in 
abundance of mammal species in aspen 
mixedwood stands of different ages. Westworth 
et al. (1984) examined relative abundance of 
snowshoe hare and ungulate species in aspen 
stands of 15–80 years old in Alberta and found 
patterns similar to the ones we found between 
young and mature stands. Probst and Rakstad 
(1987) examined small mammal communities in 
sapling and mature aspen stands in Minnesota 
and Michigan and found similar patterns of 
abundance for deer mouse, red-backed vole, 
meadow vole, masked shrew, and arctic shrew to 
those reported in this study. No previous study 
has examined abundance of mammal populations 
in old, structurally complex aspen mixedwood 
stands. In this study, highest abundances of most 
mammal species were found in oldest stands. 

Raphael (1984), Anthony et al. (1987) and Corn 
et al. (1988) found either no relationship between 
total mammal abundance and forest age or a 
greater abundance in young and mature conifer 
forest than in old-growth conifer forests. 
Differences between the patterns found in conifer 
and mixedwood forests may be the result of tree 
type or may reflect confounding effects from 
edge, patch size, or forest stage classification. 
Hill (1982) and DeGraaf et al. (1991) recorded 
greater abundance of small mammals in 
hardwood than softwood forests in New England. 
They postulated that differences may have been 
the result of microhabitat features (DWM, 
shrubs) that were more abundant in hardwood 
forests, and that available nutrients may have 
been low in conifer cover due to acidic litter and 
humus (Buol et al. 1980). Our study sites were 
chosen to minimize edge, patch size, and forest 
stage interactions. We have demonstrated a clear 
pattern of association between both mammal 
richness and abundance and habitat complexity. 

Mammal Relative Abundance and Forest 
Community Attributes 
We advise caution in the use of these results 
comparing mammal relative abundance and forest 
structure as they are associative and do not 
necessarily indicate causal relationships. 
Abundance alone may not be the best indicator of 
habitat quality where social factors are important 
(Van Horne, 1981) or where low quality habitat 
serves as a dispersal sink for cyclic populations 
of small mammals (Lidicker 1975). 

Four species (arctic shrew, big brown bat, 
northern flying squirrel, and meadow jumping 
mouse) were detected in low numbers, and we 
were thus unable to make inferences about their 
relationships with the forest community attributes 
we measured. An additional six species (dusky 
shrew, Myotis bat spp., silver-haired bat, 
coyote/fox, black bear, and white-tailed deer in 
summer) were detected in adequate numbers, but 
their abundance was not related to the forest 
community attributes measured. For the 
remaining species, abundance was associated 
with forest community attributes similar to those 
reported in the literature (see section on 
individual species associations). 

Patterns of stand age use followed patterns of 
correlations with successional stage except for 
moose. Positive correlations with successional 
stage occurred for species that showed an 
association with old stands, negative correlations 
occurred for species that showed an association 
with young stands, and non-significant 
correlations occurred for species that showed an 
association with both old and young stands. 
Correlations between canopy heterogeneity and 
mammal abundance categories suggest that all 
species, except for deer mouse, were positively 
associated with canopy gaps. As such, 
maintenance of gap dynamic processes may be 
important to maintaining viable populations of 
mammals in aspen mixedwood forests.  

DWM has been shown in this report and in other 
studies (Thomas 1979; Cline and Phillips 1983; 
Hayes and Cross 1987) to be an important factor 
for many mammal species. Corn et al. (1988) also 
noted that abundance of several mammal species 
was correlated to habitat features such as large 
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trees, snags, and DWM. It is difficult to assess 
which forest community attribute is most 
important for mammals and as such, maintenance 
of a diversity of these structures is needed to 
maintain a diversity of mammals. 

Shrews 

Masked shrew were abundant in both years of the 
study (detected at 90% of sites) and showed a 
strong association with old stands. Wrigley et al. 
(1979) noted the general distribution of this 
species with similar abundances in hydric and 
mesic communities. In our study, masked shrew 
abundance was associated with areas of high 
birch density and areas of dense shrub cover and 
high shrub species richness. MacCracken et al. 
(1985) detected higher populations of masked 
shrew in riparian areas where shrub and canopy 
cover was highest. 

Pygmy shrew were not associated with stand age, 
and were detected in 86% of our sites. Wrigley et 
al. (1979) and Hill (1982) noted the wide 
tolerance of this species for moisture, 
temperature, vegetation, and cover. In this study, 
pygmy shrew selected against areas with high 
herbaceous cover, which occurred predominantly 
in mature stands, and for areas of higher canopy 
heterogeneity found in young and old stands. 

As a group, shrews were detected most frequently 
in old stands (278 detections), followed by young 
stands (194 detections), followed by mature 
stands (133 detections). Wrigley et al. (1979) 
determined that vegetation type and cover is 
critical to shrews by providing high moisture 
levels and abundant invertebrate and plant food. 
MacCracken et al. (1985) supported the 
connection between moisture level and shrew 
abundance and related litter type to shrew 
abundance in Montana. However, Feldhammer et 
al. (1993) found no correlation between 
abundance of four shrew species and soil 
characteristics in Tennessee. The shrew species 
we studied feed primarily on invertebrates, 
though masked shrew will feed on vertebrates 
(van Zyll de Jong 1983). A more complex forest 
understory and deeper organic mats associated 
with old stands may support more abundant 
terrestrial arthropods and the shrew species that 
feed on them. 

Snowshoe Hare 

In summer and winter, snowshoe hare were more 
abundant at sites with dense shrub and sapling 
cover and were less abundant in old stands with 
large trees and snags, and clearings. Snowshoe 
hare preference for habitats with dense vegetative 
cover 1–2 m above ground and avoidance of open 
habitats have been well documented (Wolff 1980; 
Wolfe et al. 1982; Pietz and Tester 1983; 
Carreker 1985; Litvaitis et al. 1985; Radvanyi 
1987). Orr and Dobbs (1982) showed that hare 
use in Nova Scotia spruce-fir forests was lower 
where trees were taller than 12 m and where 
canopies were dense enough to reduce shrub 
density. Concealment cover from predators in 
summer is supplemented by shrub foliage, but in 
winter, snowshoe hare are dependent on dense 
shrubs/saplings to provide concealment and 
obstruction shelter from predators (Radvanyi 
1987). Westworth et al. (1984) detected higher 
abundance of snowshoe hares in 14 year-old 
aspen stands than in older aspen mixedwood 
stands, and documented the use of DWM by hare 
as foraging perch sites and as thermal cover in 
winter. 

Squirrels 

Preferred territories of red squirrel are associated 
with mature seed-producing conifers, though 
deciduous forests may be important as 
overwintering areas for juveniles (Kemp and 
Keith 1970). The red squirrel we trapped were 
associated with large aspen trees, large snags, and 
dense shrubs. Red squirrel use snags for nesting 
and cover from predation (Kemp and Keith 
1970). Squirrel abundance had a significant 
association with conifers in the logistic 
regression analysis but not in the canonical 
discriminant analysis. In winter, the squirrel 
tracks we detected were those of both red squirrel 
and northern flying squirrel. The canonical 
function determined for squirrel in winter showed 
positive correlations with birch density, DWM, 
and grass cover. The relationship with DWM is 
likely an association with a food resource as we 
observed squirrels feeding on fungi and lichens 
that were growing on DWM elevated above the 
snowpack. Fungi and lichen abundance were 
positively associated with the intermediate decay 
stages of DWM found most frequently in old and 
young stands (Chapter 6). 
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Mice and Voles 

Deer mice were trapped in all stands and were 
positively related to coarse DWM and negatively 
related to canopy heterogeneity. In general, deer 
mice were found in areas where canopy cover 
was high and tall shrub understory cover was 
sparse. Clark and Kaufman (1991) reported that 
deer mice foraged preferentially in areas of 
sparse litter. Deer mice used arboreal:ground 
refuges at a ratio of 22:2 in mixed deciduous 
forests in Virginia (Wolff and Hurlbutt 1982). 
Arboreal refuges occurred in cavities found in 
live and dead large trees, while ground refuges 
were under trees, stumps, or slash piles. In our 
study, deer mice were not associated with large 
trees and snags, but were positively associated 
with large DWM. Hayes and Cross (1987) found 
no relationship between capture success of deer 
mouse and log measurements, yet Goodwin and 
Hungerford (1979) reported that logs and stumps 
were favored as nest sites and for protection from 
predation. Perhaps deer mice use large DWM as 
refuge sites in aspen mixedwood forests. 

Red-backed vole were the most abundant 
mammal trapped in this study and were detected 
in greatest abundance in the two stands (old 
stands 3 and 4) that had the highest conifer 
density. Bondrup-Nelson (1986) noted that 
mixedwood forests were associated with higher 
densities of red-backed vole compared to 
predominantly conifer forests in north central 
Alberta. Clough (1964) and Banfield (1974) 
described distribution of red-backed vole in 
different habitats with possible greater use of 
softwood or mixed types. In this study, 
abundance of southern red-backed vole was more 
strongly associated with abundance of 
shrub/saplings, snags, birch, and DWM than with 
conifers. Nordyke and Buskirk (1991) found that 
abundance of southern red-backed vole was 
positively related to understory cover and stage of 
log decay. Wywialowski and Smith (1988) 
confirmed the selection by red-backed vole for 
dense understory cover and avoidance of open 
areas. Bondrup-Nelson (1987) and Iverson and 
Turner (1973) noted the association of red-
backed vole abundance with fallen debris and 
shrub diversity. Hayes and Cross (1987) found 
capture success of red-backed vole was positively 
correlated with mean log diameter and not with 

stage of log decay. Decayed DWM provides a 
substrate for hypogeous fungi, an important 
source of food and water for red-backed voles 
(Getz 1968; Maser et al. 1978). 

We found meadow vole in association with 
higher densities of conifer, birch, large snags, and 
greater grass cover. These characteristics typify 
old stands where large canopy gaps create dense 
patches of grass. The dependence of meadow 
vole on grass was documented by Alder and 
Wilson (1989) who determined that 30–40% 
grass cover was needed to support viable 
populations of meadow voles. They concluded 
that meadow vole were resource specialists 
whose habitat was defined by a simple habitat 
gradient (grass cover). Old aspen mixedwood 
stands, and the canopy gaps that characterize 
them, may be important to maintaining 
populations of meadow vole. 

Deer mouse, red-backed vole, and meadow vole 
were all found in high relative abundance 
throughout the mixedwood boreal forest yet are 
considered to have distinctive forage 
requirements (Pattie and Hoffman 1992). Deer 
mouse feed on seeds, fruit, and arthropods (Van 
Horne 1982), southern red-backed vole feed on 
herbs, fungi, seeds, and berries (Hansson 1985) 
and meadow voles are gramnivores (Pattie and 
Hoffman 1992). Deer mouse populations are 
flexible in their habitat requirements; red-backed 
voles are less flexible and select areas of dense 
shrubs with abundant DWM; and meadow vole 
are narrow in their habitat requirements selecting 
grassy openings in the forest. All three species 
are found throughout the boreal mixedwood 
forests, yet occur in highest abundances in forests 
of different structure. 

Weasels 

Weasel were the only carnivores we detected at 
adequate levels to evaluate forest community 
attribute associations. Weasels in the study area 
included both least weasel and ermine (Pattie and 
Hoffman 1992; Smith 1993). Because tracks of 
these species overlap in size (Halfpenny and 
Biesiot 1986) they are difficult to distinguish. 
During small mammal trapping in 1992, we 
captured four ermine and no least weasel. 
Because of this small sample, we were unable to 
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estimate the relative proportion of each species. 
Weasel and red-backed vole abundance were 
associated with similar snag, DWM, and birch 
attributes, and weasel and meadow vole were 
associated with high grass cover and abundant 
large trees. Collectively, these features were 
found most frequently in old stands. Because 
weasels use voles as a primary food source, it 
was not surprising that the canonical functions 
determined for these three species were similar. 
The numerical response of weasels to both 
meadow vole (Raymond and Bergeron 1982) and 
other vole populations (Tapper 1979; Delattre 
1983; Korpimaki et al. 1991) has been well 
documented. 

Associations Between Mammal Abundance 
and Forest Harvest Attributes 
All mammal species except arctic shrew and 
coyote/fox were associated with at least one of 
the six forest community attributes that could be 
manipulated by forest companies during logging 
operations. Interpretation of the relative 
importance of these variables is difficult because 
they are highly intercorrelated (Chapter 7). 
However, because large trees and snags, birch 
and conifer trees, coarse DWM, and forest gaps 
are positively related to mammal abundance, 
some measure of these attributes should be 
retained during harvest operations. Research 
involving experimental manipulations of each 
forest harvest attribute are required before causal 
relationships can be shown and optimal retention 
levels can be determined. 

Both canonical discriminant function and logistic 
regression analyses identified birch as being 
positively related to abundance of several 
mammal species. Although the basis for this 
relationship (forage, cover) is not well 
understood, the frequency and strength of birch-
mammal associations is such that forest managers 
should retain this tree species where possible on 
harvested cutblocks. The retention of live and 
dead structure (live trees, snags, DWM) in 
cutblocks should reduce the interval following 
harvest that managed stands do not have such old 
stand attributes as uneven age structure, canopy 
gaps, and mixedwood (aspen/spruce) 
composition.  

Recommendations for Harvest 

More mammal species were most abundant in old 
stands than in other seral stages in the 
mixedwood forests. The structural complexity of 
these old stands may provide more abundant 
forage and cover resources to support high 
numbers of these species. Abundance of 
mammals was next highest in young stands, a 
pattern that may related to the considerable 
amount of large live trees, snags and DWM 
retained following the stand-initiating fire. Few 
species of mammals were of highest abundance 
in mature stands. Clearly, a positive relationship 
exists between relative abundance of many 
mammal species and the structural complexity of 
the forest. The importance of old, structurally 
complex stands to many mammal species needs 
to be recognized by forest managers. We 
recommend that harvesting plans for aspen 
mixedwood forests include deferment of some 
stands to allow them to achieve ecological 
maturity along a natural successional pathway.  

This study has shown young ―structured‖ forests 
to be positively related to abundance of several 
mammal species. Because extensive logging will 
create abundant young stands in the boreal forest 
landscape during the next few decades, forest 
managers should approximate the complexity 
observed in existing pyrogenic young stands. 
This could be accomplished by leaving residual 
snags, DWM, and patches of live trees of 
different sizes during harvest to produce complex 
post-harvest young stands. Further research is 
needed to quantify the appropriate amount and 
type of residual material needed to support 
complex mammal communities. 

Mammals of the aspen mixedwood forests are 
adapted to the natural patterns and processes that 
have shaped the landscape they inhabit. To 
maintain viable populations of a diversity of 
biota, we need to approximate natural patterns 
and processes. Complex old forests and 
structured young forests can be approximated by 
deferred rotations and structured cutblocks. 
However, processes important to the viability of 
populations are poorly understood and it would 
thus be prudent to leave a portion of the 
landscape outside the harvest matrix. This portion 
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should include a variety of stand sizes and forest 
types. 
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9. ABUNDANCE OF UNGULATES IN RELATION TO STAND AGE AND STRUCTURE IN 

ASPEN MIXEDWOOD FORESTS IN ALBERTA. 

J. Brad Stelfox, Laurence D. Roy, and Jack Nolan 

Abstract 

Scat, track, and aerial surveys were used to 
measure relative abundance of ungulates in young 
(20–30), mature (50–65), and old (120+) aspen 
mixedwood stands in Alberta. For each survey 
method, white-tailed deer were more numerous 
than moose, while mule deer, wapiti, caribou, and 
bison were sparse or absent. Relative abundance 
of white-tailed deer during winter was 
significantly higher in old than in young and 
mature stands, a trend that might be explained by 
greater availability of thermal protection found 
proximal to shrubby browse in old stands. 
Relative abundance of moose during winter was 
significantly higher in young and old stands than 
in mature stands, a trend that might be explained 
by high abundance of shrub and sapling browse 
in young and old stands. White-tailed deer and 
moose abundance did not differ significantly 
among stand age during summer. Abundance of 
white-tailed deer and moose appears to be more 
affected by stand age in winter than summer 
seasons, a pattern that might be explained by 
reduced forage availability and elevated body 
heat loss. During winter, forest structures that 
offer thermal protection may limit deer 
abundance, while browse availability may limit 
moose abundance. Potential loss of large trees 
and conifers (thermal factors) and increased 
aspen saplings (browse) caused by short-rotation 
logging may alter future population levels of 
ungulates. Based on predicted changes to forest 
age class structure, and hence habitat, that will 
result from current harvest and regeneration 
strategies, both moose and deer populations may 
increase in response to greater availability of 
forage. The advantages of forage produced by 
logging to deer might be compromised if thermal 
cover (conifers) and shrubby browse (canopy gap 
dynamics) are not maintained at appropriate 
scales as part of boreal mixedwood forests.  

Introduction 

Alberta‘s ungulate community provides 
significant economic and recreational 

contributions (Ondrack 1985; Adamowicz and 
Boxall 1993; Stelfox and Wasel 1993) and forms 
the basis for such land-use practices as 
subsistence and recreational hunting, wildlife 
viewing, and game farming. Of the nine ungulate 
species found in Alberta, six occupy the 
expansive boreal mixedwood forest ecoregion. 
They are white-tailed deer, mule deer, caribou, 
wapiti, moose, and bison. Ungulate populations 
affect the dynamics of boreal forests through 
herbivory (Hudson and Blyth 1986) and by 
supporting a predator community (Gunson et al. 
1993). 

The rapid expansion of logging and 
petrochemical activity in the aspen mixedwood 
forests in Alberta has caused much concern about 
the effects of these land-uses on ungulates and 
their habitat. A fundamental goal of maximum 
yield logging is the restructuring of the forest 
landscape into an even age class distribution 
(e.g., similar frequencies of forests of all ages 
younger than and equal to rotation age). To 
accomplish this, forest companies are required by 
government regulations to truncate the age class 
distribution by preferentially harvesting aspen 
stands of post-rotation age and thereafter 
maintaining their productive landbase within 
rotation age (<70 years) (Timber Harvest 
Planning and Operating Ground Rules 1993). 
Therefore, a significant change in the age class 
structure of aspen mixedwood boreal forests 
caused by short rotation logging may alter 
availability of forage and cover resources for 
ungulates, and hence alter their abundance. 

Availability and quality of forage, thermal 
protection, and hiding cover have been shown to 
affect abundance of white-tailed deer (Kearney 
and Gilbert 1976; Telfer 1978; Mooty et al. 1987) 
and moose (Telfer 1970; Pierce and Peek 1984). 
By altering the net radiative heat loss from 
ungulates, canopy and subcanopy structure have 
been shown to affect animal distribution patterns 
during cold winter periods (Ozoga 1968; Ozoga 
and Gysel 1972). In coniferous communities, 
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forest canopies and subcanopy structure can 
influence snowpack characteristics by 
intercepting falling snow and altering the 
radiative environment (Miller 1964; Hoover and 
Leaf 1967; Hanley and Rose 1987). Because deep 
snowpack can impede movement of ungulates 
(Kelsall and Prescott 1971; Drolet 1976; Parker 
et al. 1984) and cover potential forage, it can 
significantly affect winter bioenergetics of 
ungulates (Harestad et al. 1982; Hanley 1984). 
Similar processes may operate in mixedwood 
communities. Predictable changes in the vertical 
and horizontal structure of aspen mixedwood 
forests occur throughout succession (Petersen and 
Petersen 1992; Chapter 3). Therefore, changes in 
forage, thermal protection, and hiding cover 
during succession within aspen mixedwood 
forests may cause predictable changes in ungulate 
abundances. 

Although numerous studies have examined 
relationships between logging and ungulates in 
Alberta, most have been conducted in conifer-
dominated communities and have examined the 
response of ungulates to cutblock attributes such 
as harvest strategy, size, and juxtaposition 
(Stelfox 1962; Lynch 1971; Stelfox et al. 1976; 
Tomm et al. 1981; Morgantini et al. 1994) or 
post-harvest communities (Stelfox 1988). Only a 
few studies have examined the forestry/ ungulate 
interface in aspen mixedwood forests (Usher 
1977; Westworth et al. 1984), and no study has 
examined ungulate use of aspen mixedwood 
forests of different ages. 

In this study, we evaluated changes in ungulate 
abundance among three stand ages in aspen 
mixedwood forests. We predicted that: (1) young 
stands, because of abundant browse (shrub and 
saplings), will be used more by large-bodied 
browsers (moose) that are more constrained by 
forage availability than by thermal protection, (2) 
mature stands, because of less abundant browse 
and thermal protection features (e.g., conifers), 
will be used less by ungulate species than other 
seral stages in winter, (3) old stands, because of 
intermediate browse and good thermal protection 
features, will be used more by smaller-bodied 
winter browsers such as white-tailed deer, and (4) 
because forage and thermal concerns are less 
pronounced in summer, ungulate abundance 

among stand ages will be more similar in summer 
than winter. 

To examine the possible effects of attributes 
found outside the stand on relative abundance of 
ungulates, we measured distance from each site 
to roads, cutblocks, cutlines, spruce bogs, and 
small (<1 ha) and large (>1 ha) conifer patches. 
We used multivariate techniques to relate 
structural attributes of aspen mixedwood stands 
to forest age and to relative abundance of 
ungulate species. By elucidating patterns between 
stand age, stand structure, and abundance of 
ungulates, this study should help managers 
predict future changes in populations of white-
tailed deer and moose in boreal mixedwood 
forests, and suggest changes to forest harvest 
strategies that mitigate undesirable effects on 
ungulate species. 

In this chapter, relative abundance of ungulates is 
based on indices derived from scat, track, and 
aerial surveys. While recognizing the potential 
biases of these indices (Longhurst and Connolly 
1982), hereafter we refer to ―relative abundance‖ 
and not ―indices of relative abundance‖. 

Methods 

The environmental setting of the study area and 
the methods used to select research stands and 
sites within stands are described in Chapter 1. 
The techniques used to quantify forest 
community structure are described in Chapters 3, 
4, 5, and 6. 

Relative abundances of ungulates were assessed 
using spring and fall scat surveys, winter track 
surveys, and winter aerial surveys. We used three 
survey methods to improve the likelihood of 
obtaining a complete data set (all sites measured). 
Each of these survey methods has biases (Neff 
1968; LeResche and Rausch 1974; Floyd et al. 
1982; Longhurst and Connolly 1982; Rolley 
1982). Therefore, we compared ungulate 
abundance among the three methods to determine 
if they arrived at similar estimates. Because scat 
surveys yielded a complete dataset, scat data 
were used for multivariate analyses examining 
relationships of ungulate abundance and forest 
community structure at each of the 72 sites. 
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Scat Surveys 
At each of the 72 sites (3 stand ages, 4 
stands/stand age, 6 sites/stand), four transects 
were randomly selected from cardinal (N, W, S, 
E) and intercardinal (NE, SE, SW, NW) 
directions and permanent transect pins were 
established. Transect sizes were 10 x 1 m during 
the first two surveys but were increased to 100 x 
2 m for survey three to increase sampling 
intensity. Scat surveys (Plate 24) were conducted 
in the spring and fall when pellet groups were 
most conspicuous (Longhurst and Connolly 
1982) and to minimize sampling bias. For spring 
surveys, counts occurred following snowmelt but 
prior to green-up of herbaceous vegetation. Fall 
surveys occurred following senescence of 
herbaceous vegetation, but prior to defoliation of 
deciduous trees. All ungulate scat within the 
transect were removed so as not to be recounted 
on subsequent surveys. To be counted, a distinct 
pellet group ( 5 pellets) needed to be observed 
with its center positioned within the transect. It 
was not possible to distinguish scat of white-
tailed and mule deer. We have called all deer scat 
white-tailed deer because all of the 292 deer 
counted during winter aerial surveys were white-
tailed deer. During each of the three surveys, all 
transects (N=4) at all sites (N=72) were 
completed. Scat survey information is 
summarized in Table 9.1. Assumptions that are 
implicit in the pellet group survey are as follows 
(Longhurst and Connolly 1982): (1) pellet groups 
are deposited randomly and at a constant rate, (2) 
time period of pellet group deposition is well 
defined, (3) all pellet groups are identified and 
counted, and (4) plot size is appropriate for 
efficient sampling. 
 

Track Surveys and Snowpack Measurements 
All ungulate tracks intersecting any of four 
perpendicular 100 m transects radiating from 
each site center were identified and counted in 
1992 and 1993 (Plate 25). Initial transect 
orientations were randomly selected from either 
cardinal or intercardinal directions and were 
thereafter alternated to ensure unbiased coverage 
of all the area. It was not possible to distinguish 
between tracks of white-tailed and mule deer. On 
each survey day, transects were counted in one 
randomly chosen young, mature, and old stand. 
The numbers of tracks recorded on each transect 

were divided by the number of elapsed hours 
since the end of the last snowfall and multiplied 
by 24 to calculate tracks/day. Each ungulate track 
that crossed the transect was categorized as: one, 
if clearly one individual crossed the transect; two, 
if clearly two individuals crossed the transect; 
and three, if three or more individuals crossed the 
transect. 

With the exception of survey four, surveys were 
incomplete because of melting snow. Surveys 
were discontinued when we decided that counting 
and identification of tracks were no longer 
reliable. Mean number of tracks/day were pooled 
across all four surveys (Table 9.2) for each of the 
72 sites. 

Aerial Surveys 
Winter aerial surveys of ungulates were 
conducted during periods when ground snow 
cover was 100%. Each of the 12 research stands 
were surveyed using a four-passenger Bell 206 
Jet Ranger helicopter flying at an altitude of ~100 
m above stand canopy. The survey team consisted 
of a pilot, a navigator/data collector, and two 
rear-seat observers. Complete ground coverage 
was attempted using non-systematic coverage 
modified to account for local topography, flying 
conditions, cloud cover, and plant canopy 
characteristics. Surveys of each stand were 
completed when observers felt that total ground 
coverage was achieved. For each animal 
observed, we noted species and age class (where 
possible), and marked their location on a map. 
The area of each stand was measured from aerial 
photographs to permit calculations of ungulate 
densities. During each survey interval (Table 
9.3), we attempted to resurvey each stand two or 
three times on consecutive days. Because of 
snowfall and fog, it was not possible to survey all 
stands. During the surveys, each stand was rated 
for visibility through the canopy and for 
snowpack cover.  

Forest Community Structure 
From the forest community attributes described 
in Chapters 3, 4, and 5, we chose those that had 
the potential to affect forage or cover for 
ungulates. Median values were used for each of 
these attributes, as their distributions were non-
normal. For ungulates, forage variables included 
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grass cover (%), herb cover (%), total 
shrub/sapling cover (%), willow cover (%), and 
shrub species richness. Protective cover variables 
included live tree density (<20 cm DBH), live 
tree density (>20 cm DBH), conifer density, birch 
density, snag density (>20 cm DBH), down 
woody material (DWM) (<20 cm diameter), and 
DWM (>20 cm diameter). A subset of the above 

variables that could be modified during forest 
harvest operations were selected to examine their 
potential effects on relative abundance of 
ungulates. These variables, referred to as forest 
harvest attributes, include live tree density (>20 
cm DBH), conifer density, birch density, snag 
density (>20 cm DBH), shrub/sapling density, 
and DWM (>20 cm diameter) volume. 

 

TABLE 9.1. Sampling protocol for scat surveys. 

Survey Number   Season  Sampling Period  Number of Transects          Area Sampled (m
2
)  

Survey 1 Winter April, 1992 288 2,880 

Survey 2 Summer September, 1992 288 2,880 

Survey 3 Winter April, 1993 288 57,600 

Total   864 63,360 

 

 

TABLE 9.2. Sampling protocol for track surveys. 

Survey 

Number  

Dates  Transects in  

Young Stands 

Transects in  

Mature Stands 

Transects in     

Old Stands 

Total 

Survey 1 January 9–12, 1992 48 88 96 232 

Survey 2 February 24, 1992 0 16 24 40 

Survey 3 January 22–25, 1993 64 24 72 160 

Survey 4 February 24–26, 1993 96 96 96 288 

Total  208 224 288 720 

 

 

TABLE 9.3. Sampling protocol for aerial surveys. 

 Survey    

Number  

Dates  Number of Young 

Stands Surveyed 

Number of Mature 

Stands Surveyed 

Number of Old 

Stands Surveyed 

Survey 1 January 28–February 1, 1992 6 8 8 

Survey 2 December 7–9, 1992 8 12 12 

Survey 3 January 11–12, 1993 8 8 8 

Total  22 28 28 
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Relationships between ungulate abundance 
and distance to environmental attributes 
Multiple regression analyses were used to explore 
relationships between relative abundance of 
ungulate scat at each site and distance to various 
environmental features. The following linear 
distances were measured from each site center on 
aerial photographs (1:20,000–50,000): distance to 
cutline, distance to all-season road, distance to 
small conifer patch (<1 ha), distance to large 
conifer patch (>1 ha), distance to spruce bog, and 
distance to cutblock. Data from both scat surveys 
and distance measurements were log transformed 
prior to analyses. 

Analyses 

Variation in Abundance of Ungulates and 

Forest Community Attributes in Relation 

to Stand Age 

Ungulate abundance from scat and track survey 
data and forest community attributes were 
summarized at the site level (N=72). Differences 
in forest community attributes and relative 
abundance of white-tailed deer and moose among 
stand stages was evaluated using Kruskal-Wallis 
tests (Abacus Concepts 1992). This test was 
chosen because of the non-normal distribution of 
the data sets and because it is relatively 
insensitive to outlier data (Conover 1980). 
Results were considered statistically significant at 
P<0.05. 

Ungulate abundances from aerial survey data 
were analyzed at the stand level only. Aerial 
survey data from old stands were not included in 
the analyses because high conifer densities and 
considerable ―riming‖ (surface hoar) on white 
spruce trees made it difficult to see through the 
canopy and count ungulates below (Gasaway et 
al. 1985). 

Indices of Relative Abundance of Ungulates for 

Multivariate Analyses 

We used data from scat surveys to examine 
relationships between forest community attributes 
and ungulate abundance at each of the 72 sites. 
Aerial survey data could not be used as they were 
collected at the stand level. Rationale for using 
scat data and not data from track surveys was as 
follows: (1) scat surveys were completed in 
entirety and therefore interpretation of results 

was not confounded by an incomplete design, (2) 
scat survey data were based on an index of 
abundance (e.g., scat) that is deposited over 
several months and was therefore less susceptible 
to short-term anomalies in movement or 
distribution. (Track surveys record distribution of 
ungulates for short periods of time and might not 
represent distributional patterns typical of the 
season.), and (3) track data include a temporal 
effect because sites were sampled at different 
intervals following the end of the last snowfall 
event. 

The number of scat groups at a site were not 
normally distributed and included many zeros. 
Therefore in all analyses we categorized number 
of scat groups as follows:  
 White-tailed deer (summer): 0, 1, >1 
 White-tailed deer (winter):<5, 5–8, 9–14, >14 
 Moose (winter): 0, 1, 2–3, >3 

Variation in Abundance of Ungulates in Relation to 

Forest Community Attributes 

The importance of forest community attributes to 
white-tailed deer and moose was evaluated using 
canonical discriminant analyses (SAS Institute 
Inc. 1989). Model significance was set at P<0.05 
(F value) as evaluated by Wilks‘ Lambda. 

Variation in Abundance of Ungulates in Relation to 

Forest Harvest Attributes 

To identify the importance to white-tailed deer 
and moose of forest community attributes that 
could be modified during forest harvest 
operations (referred to as forest harvest 
attributes), step-wise logistic regression analyses 
(SAS Institute Inc. 1989) were completed. The 
sequence and number of forest harvest attributes 
included as explanatory variables in the models 
was determined using a forward stepwise 
procedure, with backwards elimination (SAS 
Institute Inc. 1989). The amount of variance 
explained to enter or reject variables in the model 
was set at 0.15. Where total scat groups measured 
were less than 10, no analyses were completed. 

Results 

Comparison of Relative Abundance of White-
tailed Deer and Moose 
To compare abundance data of white-tailed deer 
and moose using scat, track, and aerial surveys, 
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we assumed that defecation rate, movement 
patterns, and animal visibility during aerial 
surveys are similar for both ungulate species. 
Although we know these assumptions are not 
perfectly met (Davis 1982), they do appear 
reasonable for purposes of conducting a general 
comparison of species relative abundance. 

All survey methods indicated that indices of 
white-tailed deer abundance were greater than 
those of moose (Table 9.4). No mule deer were 
observed on the aerial surveys, no evidence of 
wapiti was recorded on aerial, track, or scat 
surveys, and only one caribou scat was recorded. 

Variation in Abundance of Ungulates in 
Relation to Stand Age 

White-tailed Deer 

Number of scat and tracks during winter for 
white-tailed deer were higher in old stands than 
either young or mature stands (Table 9.5). White-
tailed deer abundance did not differ among young 
and mature stands (Table 9.5). During summer, 
deer were distributed more evenly across stand 
ages; however, young and old stands may have 
supported more white-tailed deer than did mature 
stands.  

Moose 

Moose scat during winter were more abundant in 
young and old stands than in mature stands 
(Table 9.5). However, number of moose tracks 
were more abundant in young than old stands 
(Table 9.5). Many (>40) moose were harvested 
by aboriginal hunters in the vicinity of our old 
stands during late winter months of 1992 and 
1993 (Dave Hogarth, personal communication). 
Thus, although numerous moose scats were 
deposited following autumn leaf-fall, few 
individuals were left to leave tracks in the late 
winter snowpack. No differences in moose 
abundance between young and mature stands was 
observed from winter aerial surveys (Table 9.5). 

 

 

 

 

TABLE 9.4. Comparison of relative abundance of white-tailed deer and moose in aspen mixedwood forests using scat, 
track, and aerial survey methods. 

Survey Method White-tailed Deer 

Mean  S.E. 

Moose 

Mean  S.E. 

Mann-Whitney U Test 

 U             P  

Scat Surveys (pellet groups/480 m
2
) 9.04 0.79 1.86 0.22 588 <0.01 

Track Surveys (tracks/400 m/day) 1.56 0.18 0.34 0.10 1019 <0.01 

Aerial Surveys (animals/km
2
) 2.18 0.38 0.47 0.16 1702 <0.01 
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TABLE 9.5. Mean ( S.E.) for scat, track, and aerial survey data collected for white-tailed deer and moose. Differences 
among stand ages were tested using Kruskal-Wallis test (df=2); statistically significant relationships in bold. 

  Stand Age 

Young            Mature            Old                    

Kruskal-Wallis 
2
               P 

Scat Surveys (Winter) 

(pellet groups/480 m
2
) 

     

White-tailed Deer 5.13 0.92 6.42 0.63 14.83 1.50 27.7 <0.01 

Moose 2.66 0.35 0.79 0.22 1.96 0.34 20.2 <0.01 

Scat Surveys (Summer) 

(pellet groups/480 m
2
) 

     

White-tailed Deer 1.00 0.33 0.42 0.12 0.92 0.25 1.39 0.50 

Moose 0.25 0.11 0.00 0.00 0.13 0.07 1.58 0.27 

Track Surveys (Winter) 

(number tracks/400 m/day) 

     

White-tailed Deer 0.50 0.22  0.89 0.21 1.90 0.49 9.39 0.02  

Moose 0.63 0.27 0.20 0.07 0.12 0.06 2.82 0.24  

Aerial Surveys (Winter) 

(animals/km
2
) 

        Mann-Whitney Test        

      U Value             P 

White-tailed Deer 2.50 0.38 1.93 0.40 no data 288.5 0.70  

Moose 0.61 0.32 0.37 0.12 no data 303.0 0.92  

 

 
Variation in Abundance of Ungulates in 
Relation to Forest Community Attributes 
Forest community attributes differed among stand 
age (Table 9.6, Figure 9.1). Of the total variation 
among sites in canonical function one, 96% was 
explained by differences in stand age. Canonical 
function one was highly and positively correlated 
with density of large live trees, snags, and large 
DWM (Table 9.6). The first function can be 
described as a successional axis, as young stand 
sites were at low values, mature stand sites were 
at intermediate values, and old stand sites were at 
high values, There was no overlap of function 
values among stand age. The second canonical 
discriminant function explained 71% of the 
differences among stand age. This function was 
highly correlated with forest community 
attributes associated with canopy gaps. Snag 
(DBH >20 cm) density, shrub/sapling density, 
tree (DBH >20 cm) density, birch tree density, 
and grass cover were highly correlated, and 
percent herb cover was negatively correlated. 
This second function can be described as ―canopy 
heterogeneity‖ and illustrates well the 
relationships that appear to occur when death of 
canopy trees create snags, and when these snags 

subsequently fall to create canopy gaps and admit 
sunlight to the forest floor. It appears that shrubs, 
willows, saplings, and grasses increase in 
prevalence beneath canopy gaps (Chapter 3). 

Relationships between ungulate abundance 
categories and forest community attributes were 
calculated using canonical discriminant analyses. 
Canonical discriminant functions were significant 
(P<0.05) for scat from white-tailed deer and 
moose during winter (Figures 9.2 and 9.3), but 
not for summer deer data (Table 9.7). For both 
species, more than 50% of the variance in 
function one was explained by differences among 
the scat categories. During winter, deer 
abundance increased with increasing densities of 
large trees and birch, increasing shrub/sapling 
species richness, and increasing numbers of snags 
and coarse DWM. Deer in winter were less 
abundant in forests with high densities of small 
trees. Moose and deer abundances were not 
related to forest community in a similar manner. 
During winter, moose abundance increased with 
increasing densities of shrub/saplings and small 
aspen, declining conifer densities, and increasing 
abundances of snags and willow. 
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TABLE 9.6. Correlations between forest community attributes and canonical discriminant functions that were 
produced in the analyses of differences of forest community attributes among stand ages. 

Forest Community Attributes Canonical Function 1 
(Stand Age) 

Canonical Function 2 
(Canopy Heterogeneity) 

Tree density (<20 cm DBH) –0.99 0.01 

Tree density (>20 cm DBH) 0.75 0.38 

Conifer tree density 0.42 0.25 

Birch density 0.44 0.41 

Snag density (>20 cm) 0.41 0.55 

DWM (11–20 cm) 0.12 0.11 

DWM (>20 cm) 0.53 –0.02 

Grass cover 0.09 0.38 

Herb cover 0.01 –0.37 

Shrub/saplings density –0.27 0.78 

Willow –0.57 0.24 

Shrub/sapling species richness 0.55 0.10 

   

Wilks‘ Lambda
a
 46.6 13.2 

df
b
 24, 116 11, 59 

P Significance  <0.001 <0.001 

Proportion Explained
c
 0.96 0.71 

a
 F-approximation from Wilks‘ Lambda (SAS Institute Inc. 1989) 

b
 numerator and denominator degrees of freedom presented before and after the comma, respectively 

c
 proportion of the variance in the canonical function that was explained by differences among abundance 

 categories (i.e., the squared canonical correlation)  

 

 
 
 

 
 

FIGURE 9.1. Plot of the canonical discriminant scores identifying each of the three ages of aspen mixedwood forest 
in Alberta. Canonical function 1 and 2 have been labeled successional stage and canopy heterogeneity, respectively. 
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TABLE 9.7. Total canonical structure, giving total-sample correlations between canonical function and forest 
community attributes for ungulate species. 

Forest community attributes Deer (winter) 
Canonical Axis 1 

Deer (summer) 
Canonical Axis 1 

Moose (winter) 
Canonical Axis 1 

Tree density (<20 cm DBH) –0.64 –0.01 0.47 

Tree density (>20 cm DBH) 0.81 0.31 –0.17 

Conifer density 0.11 0.07 –0.33 

Birch density 0.70 0.15 –0.11 

Snag density (>20 cm) 0.53 –0.25 0.30 

DWM (11–20 cm) 0.26 –0.07 0.24 

DWM (>20 cm) 0.51 0.03 0.01 

Grass cover –0.07 –0.15 0.19 

Herb cover –0.09 –0.16 –0.24 

Shrubs/saplings density 0.21 0.25 0.87 

Willow –0.14 –0.33 0.27 

Shrub/sapling Species Richness 0.54 0.45 –0.01 

    

Wilks‘ Lambda
a
 2.1 1.2 1.8 

df
b
 36, 169 24, 116 36, 169 

P Significance (Prob >F) <0.001 0.25 <0.01 

Proportion Explained
 c

 0.54 0.27 0.52 

a
 F–approximation from Wilks‘ Lambda (SAS Institute Inc. 1989) 

b
 numerator and denominator degrees of freedom presented before and after the comma, respectively 

c
 proportion of the variance in the canonical function that was explained by differences among abundance 

 categories (i.e., the squared canonical correlation)  

 

 
FIGURE 9.2. Plot of canonical function showing frequency of abundance of white-tailed deer in winter season at each 
site. Data are from winter scat surveys. 
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FIGURE 9.3. Plot of canonical function showing frequency of relative abundance of moose in winter season. Data are 
from winter scat surveys. 

 

 

 

 
Variation in Abundance of Ungulates in 
Relation to Forest Harvest Attributes 
The logistic regression models differed between 
white-tailed deer and moose, and differed 
between season for white-tailed deer (Table 9.8). 
Significant models (P<0.05) were generated for 
data from winter deer scat and winter moose scat, 
but not for summer deer scat. Interpretation of the 
loading of the variables in the winter deer and 
winter moose models is complicated by high 
correlations between many of the variables (see 
Table 7.7). For example, live trees >20 cm DBH 
was the first variable to enter the stepwise 
logistic regression model for winter deer, but this 
variable is significantly correlated with snags, 
white spruce, birch, and coarse DWM. In general, 
variance in abundance of winter white-tailed deer 

scat was best explained by those features that 
characterized old stands, namely large canopy 
trees, increasing birch density, and abundant 
coarse DWM. Moose scat in winter were more 
abundant in stands with high densities of winter 
forage (shrubs/saplings) and low conifer 
densities. 

Relationships Between Ungulate Abundance 
And Distance To Environmental Attributes 
During winter, relative abundance of white-tailed 
deer increased with distance from roads and 
cutblocks and decreased with distance from small 
conifer patches (Table 9.9, Figure 9.4). For deer 
scat in summer and moose scat in winter, there 
did not exist a significant relationship with 
distance to any environmental variables. 
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TABLE 9.8. Relationships (positive or negative) and significance levels (Chi-squared and associated probability level 
for the Wald‘s Statistic, SAS Institute 1989) that forest harvest attributes entered in the stepwise logistic regression 
models. Blanks indicate that the forest harvest attribute did not enter the model. 

  Live Trees 
>20 cm DBH 

Conifers 
 

Birch Snags 
  

DWM 
>20 cm 

Total 
Shrubs 

 
2
 P  

2
 P  

2
 P  

2
 P  

2
 P  

2
 P 

Significance Level             

White-tailed Deer 

(winter)
1
 

9.19 
(+) 

<0.01   2.92 
(+) 

0.09   2.76 
(+) 

0.10   

Moose (winter)   2.76 
(–) 

0.10       19.72 
(+) 

<0.001 

1 abundance of deer in summer was not related significantly to any industry variables. 

 

 

TABLE 9.9. Relationships (+ or – where significant) between relative abundance of white-tailed deer and moose scat 
and distance to environmental variables (N=72).  

 White-tailed Deer Moose 
 (Summer) (Winter) (Winter) 
Distance Variable F Value P F Value P F Value P 

Distance to Cutline 0.11 0.73 1.07 0.30 0.76 0.38 

Distance to Road 0.37 0.55 (+) 7.49 <0.01 0.00 0.99 

Distance to Conifer Patch <1 ha 0.28 0.60 (–) 8.69 <0.01 0.01 0.92 

Distance to Conifer Patch >1 ha 1.36 0.26 0.01 0.93 0.08 0.78 

Distance to Spruce Bog 2.98 0.10 2.00 0.16 0.01 0.92 

Distance to Cutblock 1.48 0.24 (+) 4.74 0.03 1.14 0.29 
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FIGURE 9.4. Regression plots (log transformed) of white-tailed deer scat abundance (pellet groups/480 m
2
) and 

distance to roads (left) and conifer patches (<1 ha; right). 
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Discussion 

Evaluation by ungulates of their biophysical 
environment, and appropriate selection of forage 
and cover items are essential prerequisite to 
maintaining a positive energy balance and to 
ensuring reproductive fitness (Moen 1973; 
Renecker and Hudson 1993). As such, any 
examination of the effects of forestry practices on 
ungulates communities should consider 
energetics and how logging practices influence 
the acquisition and loss of energy. For purposes 
of this study, we examined how age of aspen 
mixedwood forests influence forest structure and 
ungulate abundance and thereby indirectly 
address the bioenergetic consequences to 
ungulates of a logged forest landscape with an 
altered age class structure. 

Relative Abundance Of White-tailed Deer And 
Moose 
Our scat, track, and aerial survey data indicated 
that white-tailed deer were more numerous than 
moose in the study area. This trend is consistent 
with abundance patterns of these ungulate species 
across the boreal mixedwood forests in Alberta 
(Stelfox and Stelfox 1993). Track surveys 
(Westworth and Associates Ltd. 1991) and aerial 
surveys (Gunderson and Rippin, 1979, 1981, 
1983, 1984, 1985, 1987, 1989) in the study 
region also indicated that white-tailed deer were 
more numerous than were moose. Although mule 
deer, wapiti, and caribou are known to occur in 
the general study area, their distributions are 
thought to be patchy. 

Estimates of white-tailed deer and moose 
densities from aerial surveys in the study area 
(this study, Gunderson and Rippin 1979, 1981, 
1983, 1984, 1985, 1987, 1989) suggest that 
white-tailed deer populations have increased 
considerably. Increased densities of white-tailed 
deer may reflect oscillations in population levels 
or may indicate an expanding population as 
suggested by Westworth and Associates Ltd. 
(1991). 

White-tailed Deer Abundance In Relation To 
Stand Age And Structure 
Old aspen mixedwood stands were used more 
than other stand ages by white-tailed deer during 

winter. Old stands, characterized by tall, large 
trees, gaps in the forest canopy, higher densities 
of conifers, and abundant shrubs on the forest 
floor, may provide forage and thermal cover 
features in close proximity. When evaluated by 
criteria of optimal foraging strategy (Pulliam 
1974; Belovsky 1978) and selection of thermal 
protection, old stands may be the optimal 
bioenergetic choice among different seral stages 
of aspen mixedwood forests. The significantly 
lower abundances of white-tailed deer in young 
and mature stands suggests that required habitat 
structures in these stages are more limiting. 

In our study, white-tailed deer scat were more 
highly related to forest community structure 
during the winter than summer season (Plate 26). 
In Idaho, Keay and Peek (1980) also found that 
white-tailed deer preferred winter sites that were 
closest to thermal cover. Mooty et al. (1987) 
found that white-tailed deer in Minnesota 
preferred mixedwood communities in winter 
because of a favorable combination of thermal 
protection and foraging opportunities. Dense 
conifer stands were preferred by white-tailed deer 
during winter in Michigan, and these stands were 
warmer and had a shallower snowpack than 
nearby hardwood stands (Ozoga 1968). In New 
Brunswick, Drolet (1976) showed that white-
tailed deer preferred mixedwood stands, but their 
use of conifer stands increased with snowpack 
depth. 

In winter, relative abundance of white-tailed deer 
was related to environmental variables outside 
the research stand. Deer abundance increased 
with increasing distance from roads and 
cutblocks, and decreased with increasing distance 
from small conifer patches. During summer, 
however, distances to roads, cutblocks, conifer 
patches, cutlines, and spruce bogs were not 
related to relative abundance of white-tailed deer. 
The importance of conifer patches as thermal 
cover to white-tailed deer during winter was 
discussed previously. That we showed a 
significant relationship between white-tailed deer 
abundance and conifers outside our research sites 
emphasizes the importance of adequate thermal 
cover to deer during winter. Low abundance of 
deer in sites proximal to cutblocks and roads 
during winter may have been related to a less 
favorable meteorological regime (low canopy 



 

 207 

cover, increased wind speed, low temperatures) 
or increased human harassment. 

During summer, deer used all stand ages to a 
similar degree. This seasonal pattern suggests 
that deer find acceptable levels of herbaceous 
vegetation in all stands and that the importance of 
thermal protection in summer is reduced. In a 
study examining the summer distribution of 
white-tailed deer in Minnesota, preferred forage 
was shown to be the most important determinant 
(Kohn and Mooty 1971). Beier and McCullough 
(1990) found that white-tailed deer changed their 
distributional patterns seasonally, preferring 
habitat types that provided more forage in 
summer months and those that afforded greatest 
protection from harsh weather in winter. 

Moose Abundance In Relation To Stand Age 
And Structure 
Our findings that moose abundance was highest 
in young stand communities are consistent with 
previous studies (Krefting 1974; Peek et al. 1974; 
Cairns and Telfer 1980; Rolley and Keith 1980; 
Telfer 1984; Cederlund and Okarma 1988), a 
pattern that appears related to availability of 
shrub, sapling, and willow browse (Dorn 1970; 
Philips et al. 1973; Crete 1977; McNichol and 
Gilbert 1980; Van Ballenberghe et al. 1989; 
Westworth and Associates 1991). Foraging 
studies in Alberta indicate that moose are 
predominantly browsers (Millar 1953; Nowlin 
1978; Telfer 1978; Treichel 1979; Westworth et 
al. 1984; Brusnyk and Westworth 1985; Renecker 
1987 1989). Browse species used by moose in 
Alberta (Millar 1953; Flook 1964; Cairns 1976; 
Nowlin 1978; Telfer 1978; Renecker 1987 1989), 
and that were found in our study area, include 
aspen saplings, paper birch, willow species, rose, 
beaked hazel, alder, and red-osier dogwood. 
Several studies (Peek et al. 1974; Mould 1979; 
Boonstra and Sinclair 1984) have shown that 
moose prefer riparian areas during the winter, a 
pattern that appears to be related to high habitat 
heterogeneity and abundant sapling and shrub 
forages (Peek 1974). Therefore, the close 
proximity of our young research stands to a major 
river system (Athabasca River) may partly 
explain the high abundance of moose in these 
stands.  

Although using young stands extensively, moose 
also used old stands in both winter and summer 
seasons. Presumably, both old and young stands 
provide abundant browse. Much of the 
development of browse species in old stands is 
associated with gap dynamics in the canopy 
(Chapter 3), and is likely related to improved 
light, water, or nutrient conditions on the forest 
floor beneath the gaps. A similar pattern was 
described by Peek et al. (1982) who showed that 
canopy gaps in old-growth grand fir forests in 
north-central Idaho, and the attendant forage and 
cover beneath, were preferred by moose. As 
moose are heat stressed during summer and 
winter at 14–20°C and -5- –2°C (Renecker and 
Hudson 1993), respectively, it is possible that 
moose were seeking shade from conifers 
associated with old stands. 

Relative abundance of moose in winter was not 
related to distance to environmental variables 
outside the research stand. These data suggest 
that moose were not affected significantly by 
distance to conifer stands or to roads, cutlines, 
and cutblocks. In contrast, other studies (Kelsall 
and Prescott 1971; Telfer 1970 1978) have shown 
that conifer stands provide critical cover for 
moose during winters of deep snowpack. 
Snowpack depth exceeding 65 cm appears to 
severely limit movement of moose (Des Meules 
1964; Philips et al. 1973). As mean snowpack 
depths did not exceed 30 cm in our study, moose 
presumably were not limited by snowpack depth. 

Comparison Of White-tailed Deer And Moose. 
White-tailed deer and moose exhibited dissimilar 
patterns of use of aspen mixedwood stands of 
different age, with deer abundance being highest 
in old stands in all seasons and moose abundance 
being high in young and old stands during 
summer and winter. However, mature stands 
were used less by deer and moose during summer 
and winter seasons. Surveys of white-tailed deer 
and moose by Westworth et al. (1991) in the 
Lakeland Provincial Park area during 1991 
indicated patterns similar to those found in this 
study. Deer were most common in mixedwood 
forest types with both aspen and white spruce, 
and moose were most common in young stand 
communities where willow was common. Studies 
of moose and white-tailed deer in mixedwood 
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forests in Minnesota documented that these 
species occupied dissimilar habitat types in 
winter and showed considerable habitat overlap 
during summer and fall (Irwin 1975).  

Winter is metabolically demanding for ungulate 
populations in boreal latitudes (Schmitz 1991) 
and is the season where natural mortality of 
adults can be highest (Klein and Olson 1960; 
Gavin et al. 1984; Nelson and Mech 1986). 
Proximal factors influencing winter energy 
balance of ungulates, and hence body condition, 
include lower energy intake (reduced forage 
quality and quantity), increased energy loss 
(elevated radiative heat loss to cold surroundings, 
increased costs of locomotion through a 
snowpack), and costs of fetal development. Both 
deer and moose reduce their body temperatures 
and metabolic rates in winter (Moen 1968; 
Renecker and Hudson 1986), strategies that may 
relate to energy conservation. Winter 
temperatures are often at least 50°C colder than 
ungulate core temperatures and can lead to 
substantial heat loss along radiation and 
conduction pathways. Ungulates respond to 
winter by growing a thicker and more insulative 
coat (Silver et al. 1971) and by exploiting 
behavioural and metabolic strategies that 
minimize heat loss (Renecker and Hudson 1993). 
Body size, by influencing volume:surface area 
ratio, can significantly affect an animal‘s physical 
ability to deal with heat loss. For example, 
smaller-bodied white-tailed deer have a lower 
critical temperature of 5°C (Parker and Robbins 
1985), whereas Renecker and Hudson (1986) did 
not observe a metabolic response in moose at         
–30°C. This comparison suggests that white-
tailed deer require forest structures that minimize 
heat loss more so than do moose. During winter, 
we observed that abundance of white-tailed deer 
was highest in old stands, and moose abundance 
was highest in young and old stands. Kearney and 
Gilbert (1976) studied sympatric white-tailed 
deer and moose and noted that each species 
responded more to specific forest attributes than 
habitat types, with deer distributions emphasizing 
shelter factors and moose forage factors. Huegel 
et al. (1986) observed that white-tailed deer fawn 
bedding sites were characterized by greater 
woody cover, less herbaceous cover, and warmer 
ambient temperature. Winter habitat preference 

of white-tailed deer in New Brunswick lowlands 
was best explained by proportion of conifers 
(Telfer 1970). The negative relationship we 
observed between winter abundance of white-
tailed deer and distance to conifer stands 
confirms the value of spruce patches as thermal 
cover. 

Deep snowpacks can be a major obstacle to 
foraging on herbaceous vegetation by deer 
(Gilbert et al. 1970; Beier and McCullough 
1990), can significantly increase energy 
expenditure of locomotion (Parker et al. 1984) 
and can predispose deer to predation (Nelson and 
Mech 1986). Although incompletely understood, 
incremental costs of travel by ungulates through a 
snowpack are thought to be influenced by 
snowpack density and depth, crust characteristics, 
and ungulate leg length. Because chest height is 
lower for white-tailed deer (61 cm) than moose 
(105 cm) (Renecker and Hudson 1993), deer 
should be at a greater disadvantage in deep 
snowpack conditions and may be more selective 
of stands that have more shallow snowpacks. 
Kelsall (1969) considers snowpack depths greater 
than 40 cm to cause difficulty for movement by 
white-tailed deer. Very deep snowpacks can, 
however, limit moose distribution and foraging 
(Des Meules 1964). Both deer and moose 
respond to a deepening snowpack by using more 
browse vegetation and by selecting plant 
communities that offer better browsing 
opportunities. In our study, snowpack was most 
shallow in young stands and most variable in old 
stands (Table 3.3). This variability in old stands 
was presumably the result of increasing numbers 
of conifers that intercepted falling snow and 
created depressions in the snowpack beneath their 
boughs (Bunnell et al. 1985) and by woody 
material on the forest floor that elevated the 
snowpack. During the period of our study, 
average snowpack depth did not exceed 40 cm in 
any of the stand ages, and therefore has limited 
value in documenting the response of either 
white-tailed deer or moose to deep snowpacks. 

Recommendations for Harvest 

The value of old aspen mixedwood stands as 
habitat to white-tailed deer and moose warrants 
serious consideration by managers of ungulates in 
the boreal forest. Because we do not understand 
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the precise processes by which advanced 
successional forests convey advantages to 
ungulates, prudent resource management requires 
the maintenance of appropriate frequencies of 
natural older forests in the forest landscape. 

Given that older stands in landscapes managed 
for fiber production generally become less 
frequent (Maser 1994), the forest industry should 
carefully consider forest harvest strategies that 
create and maintain structures such as large trees, 
coarse DWM, conifers, and shrubs in stands 
younger than or equal to rotation age (Hunter 
1990). This can be accomplished, in part, by 
leaving patches of uncut forest within the 
cutblock. As the subsequent stand develops 
following logging, these patches of pre-logging 
origin will provide greater canopy and subcanopy 
variability and will allow for the production of 
large trees, large rotting debris, and higher 
conifer densities. The gaps in the canopy created 
by falling trees may provide for structural 
complexity and should produce abundant winter 
forage in the form of shrubs and aspen saplings. 
Given the value of white spruce as thermal cover 
for deer, and the known problems in regenerating 
white spruce in mixedwood forests (Henderson 
1988; Peterson et al. 1989) it is recommended 
that small to large clumps of conifers be left by 
logging operations for both wildlife cover and as 
future seed trees. It is important to carefully 
select those conifers to be retained in a logging 
operation, as they are frequently not wind-firm 
and blowdown can be considerable (Brace Forest 
Service 1992; Navratil 1994). This problem can 
be reduced by leaving larger clumps of trees, 
including both conifers and aspen, and by 
positioning the clumps on the upwind side of the 
cutblock. 

The importance of young stands to ungulates 
should not be overshadowed by the phenomenon 
of old growth. Young stands supported the 
highest densities of moose in both summer and 
winter seasons and were used extensively by deer 
in summer. Historically, much of Alberta‘s boreal 
forest landscape was young because of a short 
fire return interval (Murphy 1985; Johnson 
1992). These young stands will continue to be 
common within a management regime of short-
rotation logging. As such, it is important to 
document the structural composition of fire-

created young mixedwood forests, to understand 
the value of those forest structures to ungulates, 
and to evaluate current forest harvest strategies in 
light of this knowledge. It would appear advisable 
to broaden harvest strategies beyond ―full 
utilization‖ clearcutting and include logging 
techniques that retain cutblock structure (green 
trees, snags, large DWM) in patterns more similar 
to those left following fire in mixedwood forests. 

Of potential concern to ungulate management in 
boreal mixedwood forests is prevailing 
silvicultural practices that may encourage spatial 
segregation of hardwood and softwood species. 
FMA holders who harvest incidental or 
designated softwood species on a mixedwood 
landbase are required by the government to 
regenerate equal conifer volumes. The common 
silvicultural practice used for white spruce 
regeneration in Alberta focuses on scarification 
and planting (Dancik et al. 1990). This approach 
is believed to improve seedbed characteristics, to 
establish a conifer stand immediately following 
harvest, and to reduce competition of seedlings 
from grasses and aspen. As white spruce densities 
are low in many harvested mixedwood forests, 
companies typically harvest spruce over wide 
areas but concentrate regeneration efforts on 
small intensive sites. If such practices persist over 
large areas and over multiple rotations, it is 
reasonable to suggest that we might ―unmix‖ the 
mixedwood forests. 

As demonstrated by this and many other studies, 
conifers in mixedwood forests provide critical 
thermal cover for many ungulate species and are 
a critical component of optimal deer habitat. 
Spatial partitioning of aspen and spruce at a 
larger scale may therefore alter use patterns of 
deer and may significantly lower habitat 
suitability. As shown by Drolet (1976) and 
others, movement by deer during winters of deep 
snow can be severely reduced. Under these types 
of conditions, deer populations are better able to 
meet habitat requirements (forage, thermal cover) 
if they occur at a fine spatial scale. 

To address this problem meaningfully, it is 
necessary to alter utilization standards of 
Alberta‘s Operating Ground Rules that presently 
result in harvest of all, or nearly all, merchantable 
conifers. Forest companies should be required to 
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retain a minimal number of conifers, in situations 
that minimize windthrow, so that these trees can 
offer both thermal cover and a seed source. 
Clearly, Alberta needs to develop and implement 
a mixedwood harvest and silviculture program 
that ensures the future of mixedwood forests 
consisting of aspen and white spruce. The 
proximity of these trees species provides 
elements of both forage and thermal habitat and 
may be critical to survival of ungulates during 
winters of deep snow and cold temperatures. The 
mixedwood forest management issue is examined 
in greater detail by Navratil et al. (1989). 

This study showed that abundances of white-
tailed deer and moose change with stand age. It 
seems unlikely, however, that ungulates are 
responding directly to stand age, but are more 
likely responding to forest attributes such as 
forage and cover, and landscape attributes such as 
habitat adjacency and access by humans. If such 
assertions are correct, wildlife managers and the 
forest industry have considerable latitude to 
maintain appropriate structure within a forest 
landscape of altered age class. Unwanted changes 
may be mitigated if specific attention is given to 
providing appropriate habitat structure to 
ungulates by modifying the structural, 
compositional, spatial and temporal nature of 
forest harvest. 
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10. RELATIONSHIPS BETWEEN BATS AND STAND AGE AND STRUCTURE IN ASPEN 

MIXEDWOOD FORESTS IN ALBERTA.  

Lisa H. Crampton and Robert M.R. Barclay 

Abstract 

Although bats may be important faunal 
components of boreal mixedwood forests, little is 
known about their distribution and activity 
patterns in these forests. We therefore assessed 
the abundance and distribution of bats in four 
young (20–30 years), four mature (50–65 years), 
and four old (120+ years) aspen mixedwood 
stands from mid-May to mid-August 1993 and 
1994. We monitored echolocation calls and 
feeding buzzes using QMC bat detectors at 12–23 
sites in each stand age to determine relationships 
between bat abundance and stand age. We mist-
netted bats to determine population composition 
and structure and used radio-tagged bats to locate 
roost trees. We detected Myotis spp., silver-
haired bats, hoary bats, and big brown bats in all 
stand ages. We caught adult and juvenile little 
brown bats, silver-haired bats of both sexes, and 
one adult of both hoary and northern long-eared 
bat. Myotis constituted the highest proportion of 
total activity (#passes/h) in both years. In 1993, 
the mean proportion of sites per stand in which at 
least one bat was detected was significantly 
greater in old stands than in young stands in the 
first hour post-sunset, and in 1994, it was greater 
in old stands than in both young and mature 
stands combined. The mean proportion of sites 
per stand in which at least one Myotis was 
detected followed the same patterns. In hour one 
in 1994, when bats were present, they were 
significantly more abundant in old stands than in 
other stand ages; this trend was evident in 1993 
but not significant. We radio-tagged and followed 
nine little brown bats and five silver-haired bats 
to 23 Populus spp. roost trees. Mean roost tree 
height and DBH, respectively, were 21.8 m and 
41.4 cm for little brown bats and 22.4 m and 41.3 
cm for silver-haired bats. 

The distribution of bat activity in the boreal 
forest is likely influenced by the density of trees 
in the forest, the presence of large gaps, and the 
abundance and distribution of roost trees in 
stands of different ages. To sustain bat 

populations in aspen mixedwood forests, old 
stands must be retained within historical ranges 
of natural variability to provide large stands with 
a high density of potential roost trees. 

Introduction 

Seven species of bats (little brown bat, northern 
long-eared bat, long-legged bat, silver-haired bat, 
big brown bat, hoary bat, and red bat) are resident 
in the boreal mixedwood forests of Alberta (van 
Zyll de Jong 1985). All are insectivorous and 
most feed opportunistically on flying insects 
(Bell 1980), although the northern long-eared bat 
also gleans insects from the surface of vegetation 
(Fenton and Bell 1979). Bats are the major 
nocturnal predators of flying insects and may 
play an important role in influencing insect 
populations. In addition, as bats can fly long 
distances to feed, consume large numbers of 
insects (Barclay et al. 1991), and have feces rich 
in nitrogen (Studier et al. 1991), they may affect 
nutrient dynamics of forest ecosystems. Little is 
known about the ecology and behaviour of bats in 
forests as most previous studies on bats have 
dealt with individuals roosting in buildings, 
bridges, mines, and caves (Kunz 1982). The basic 
roosting requirements and foraging habitats of 
forest-dwelling bats are yet to be described.  

The availability of roost sites (Kunz 1982; Fenton 
1990) and prey resources (Barclay 1991) are 
likely primary factors in determining the 
selection of habitat by insectivorous bats, 
although distance between roosts and foraging 
areas may be important (Taylor and Savva 1988; 
but see Brigham 1991). 

The morphology and vocalizations of bats may be 
good predictors of habitat and resource use 
(Fenton 1990; Brigham et al. 1992). Wing 
morphology and echolocation call design 
influence the range of habitats available to bats as 
these traits determine maneuverability and the 
ability to separate echoes in a cluttered 
environment (Fenton 1990). These factors also 
affect the ability of bats to capture prey within 
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that habitat. The distribution and diversity of bats 
in different seral stages of forest may reflect the 
degree of openness of that forest. Generally, bats 
with large bodies and long, narrow wings are less 
maneuverable, are restricted to flying in open 
habitats, and use long, low-frequency 
echolocation calls to detect relatively large prey 
at a distance (Barclay and Brigham 1991). 
Smaller-bodied bats, with lower wing loading and 
broad wings, are more maneuverable and can 
forage in a wider range of habitats, including 
those within the clutter of forest vegetation. Such 
bats use short, high-frequency calls and detect 
small insects at close range (Barclay and Brigham 
1991). 

Some bats rarely forage in forests, but commute 
to water bodies to feed (Thomas 1988). 
Therefore, bats may select forest habitats 
primarily for the provision of roosts, and 
secondarily for foraging opportunities. Bats that 
roost in trees do so either alone or in colonies 
(Fenton et al. 1993). Females of colonial species 
congregate during the summer in nursery roosts 
where each individual gives birth and raises its 
young. Bats roost under bark, in cavities, fissures, 
burned out trees, (Taylor and Savva 1988), 
furrows of bark (Barclay et al. 1988), and hollow 
trees (Fenton et al. 1993), and hanging from 
branches (Barclay 1984). Predation risk and 
thermal qualities associated with certain trees 
may influence roost selection (Hamilton and 
Barclay 1994). Bats may balance roosting and 
foraging requirements against the costs of 
commuting between roosts and foraging areas 
(Barclay 1982). 

Although some important trends in bat habitat 
associations within forests have been elucidated, 
no studies have examined selection of both 
roosting and foraging habitat, and the importance 
of roost features such as accessibility, or 
conspicuousness (for landmarking) is unknown. 
Furthermore, bat ecology in boreal mixedwood 
forests has not been examined. Levels of forest 
harvest are increasing and may change forest 
structure and affect features required by bats. By 
studying bats in forests of different ages, we can 
improve our understanding of bat habitat 
requirements and can make recommendations for 
forestry practices that incorporate forest 
attributes important to bats. 

The objectives of this project were: 

1) to determine relationships between bat 
abundance and foraging activity, and stand 
age, 

2) to examine bat diversity, population structure, 
and roosting behaviour, and 

3) to recommend forest harvesting practices that 
minimize adverse effects on bat populations. 

Methods 

The environmental setting in which this study 
was conducted and the methods used to select 
research stands and sites are described in Chapter 
1. The techniques used to quantify forest 
community structure are described in Chapters 3, 
4, and 5. 

Relationship Between Bat Abundance And 
Foraging Activity And Stand Age 
In the summers of 1993 and 1994, we examined 
bat abundance in stands of different ages 
(Chapter 1 for experimental layout). Between 
May 18 and August 22, 1993, we sampled 19 
sites in young, 23 sites in mature, and 23 sites in 
old stands. Over the same time period in 1994, 
we sampled 20 sites in young and 12 sites in each 
of mature and old stands. We randomized the site 
sampling order across all sites within stand ages, 
but ensured that we monitored at least one site 
per stand in every four week period. We did not 
monitor bat activity in heavy, continuous rain, 
high winds, or ambient temperatures less than 
5°C, as bats were not active under such 
conditions. 

In each site (one per night), we monitored bat 
echolocation activity using one QMC bat detector 
(Summit, 6 Key Hill Rd, Hockley, Birmingham, 
B18 5NY, U.K.) set at 25 kHz [to detect calls of 
hoary bats, silver-haired bats, and big brown bats, 
which are distinguishable from one another by 
frequency and tonal differences (Fenton et al. 
1983), and one QMC detector set at 40 kHz (to 
monitor Myotis calls, which are indistinguishable 
at the species level). For each bat species or 
species group, we counted the number of 
echolocation passes (a pass is a series of two or 
more echolocation pulses separated by a one to 
two second pause from another series) to get an 
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index of bat activity (relative abundance). We 
monitored activity for a two hour period 
beginning 15 minutes after sunset. We called this 
monitoring period ―evening‖. The initial 
monitoring positions were at potential roost trees 
within 100 m of site center. We observed the tree 
for bat emergence. If there were two or more 
potential roost trees at the site, one observer 
monitored one frequency at one tree while the 
other monitored the other frequency at another 
tree. If there was only one potential roost tree, we 
monitored both frequencies at it. After 45 
minutes, we monitored both frequencies together 
for 20 minute periods at points 30 m apart along a 
transect from the roost tree through site center 
along the site access trail towards the nearest 
cutline. At each point, we recorded the ambient 
temperature, amount of canopy cover, and 
number of bat passes at each frequency. We thus 
obtained a measure of bat activity per hour as an 
index of relative use or abundance (Thomas 
1988). 

To determine if there were differences in activity 
during different times of the night between bat 
species or stand ages, we monitored activity 
throughout the night at randomly chosen sites. 
We monitored bat activity during three two-hour 
periods. The first period was the evening, the 
third period, beginning two hours and 15 minutes 
before sunrise, was the morning, and the second 
period, a two-hour period in between, was the 
night. Near the solstice, this schedule led to 
continuous monitoring, but at the end of the 
summer, up to 1.5 hours of the night, randomly 
selected, was not monitored. We monitored the 
same transect stations during each two-hour 
period. In 1993, we monitored throughout the 
night at two sites per stand age in different 
stands. In 1994, we monitored throughout the 
night at eight sites in old stands, six sites in 
mature stands, and five sites in young stands. 

We also used bat detectors to monitor foraging 
activity. When bats attacked insects, they 
increased the repetition rate of their echolocation 
pulses (Griffin 1958), and the resultant "buzz" 
could be detected as we monitored passes. We 
compared foraging activity per unit time between 
stand ages. We also compared the ratio of buzzes 
to passes between stand ages to determine if bats 
were foraging in proportion to their abundance in 

those habitats. We also radio-tracked bats for 60–
90 minutes following their exit from roost trees 
(see below) to obtain information about foraging. 

Bat Diversity, Population Structure, And 
Roosting Behavior 
In conjunction with echolocation monitoring, we 
captured bats with monofilament mist-nets in 
canopy/understory gaps (minimum 2x4 m) within 
100 m of site centres and on access cutlines (if 
they were less than 300 m from site centres and 
within the stand). We used one to three nets per 
night and set nets at approximately six metres in 
height no later than 15 minutes after sunset, for 
approximately two hours. We recorded the 
species, sex, age, reproductive condition, mass, 
and forearm length of captured bats, and released 
them at their point of capture. 

In 1994, we attached 0.67 g radio-transmitters 
(Holohil Systems, RR#2, Woodlawn ON, K0A 
3M0; Hamilton and Barclay 1994) to bats and 
followed them to their roost trees using a Lotek 
receiver (Lotek Engineering Inc., 115 Pony Dr., 
Newmarket ON, L3Y 7B5) (Plate 27). We only 
tagged bats that weighed more than 8 g and 
selected individuals based on the following order: 
lactating, pregnant, and non-reproductive 
females, and juveniles, as these bats were more 
likely to remain within detection range and to 
lead us to colonies. 

For roost trees, we recorded the tree species, 
height, diameter at breast height (DBH), and 
condition (Table 10.1), and we recorded the roost 
location on the tree. 

Analyses 
We compared the number of total bat, Myotis, 
and silver-haired bat passes (hours 1 and 2 
combined) detected in different stand ages 
between the two years using chi-squared tests. 
Because the proportion of detections in young, 
mature, and old stands differed between years, we 
analyzed data for the two years separately. 

Because activity in hour 1 and hour 2 in both 
years was not normally distributed, we proceeded 
in two stages for each year‘s data analysis. First, 
we considered only whether bats were present 
(one or more passes detected) or absent (no 
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passes detected) in stands of different ages in 
hour 1 and hour 2. In 1993, we fit a transformed 
logistic response function to the proportion of 
sites per stand in which bats were present (Neter 
et al. 1985) before performing ANOVA tests 
(SAS 1989) with stand age as the main effect (4 
stands per stand age). We then compared activity 
between stand ages using a t-test on the least 
squares mean proportion (transformed as above) 
of sites per stand. We repeated these tests on data 
for Myotis and silver-haired bats. 

In 1994, due to lower sampling intensity, we used 
a chi-squared test to evaluate if there were 
differences among stand ages in the number of 
sites per stand age in which at least one bat was 
present. Based on the 1993 results (see below), 
we first compared young stands to mature stands. 
If there was no significant difference, we pooled 
data from young and mature stands and compared 
the pooled data to data from old stands. We 
analyzed each hour separately and repeated the 
procedure on data for Myotis and silver-haired 
bats. 

In both years, in the second stage of analysis, we 
contrasted total bat activity, Myotis activity, and 
silver-haired bat activity among stand ages in 
hours 1 and 2 for sites in which bats were 
present. We conducted Analyses of Covariance 
(ANCOVA) on log transformed data with age as 
a main effect, stand nested within age, and 
ambient temperature and date as covariates (to 
control for seasonal effects). Insignificant 
interactions or covariates (slopes were 
homogenous), were discarded sequentially (from 
the third order interaction to covariates). When 
only the main effect and nested effect remained, 
we specified that stand was a random effect and 
used it as the denominator in calculating the F 
statistic. We then used Tukey's tests to determine 
which ages differed in mean activity. We used c 
= 1–(1– F)

1/3 = 0.017 as the level of significance 
for all tests (Zar 1984). 

We compared bat activity during the different 
periods of the night with a two way ANOVA on 
log transformed data with date and period as 
main effects, analysing each age separately. We 
discarded the interaction as it was not significant. 
Because all-night sampling was limited to a few 
sites each year, we pooled data for the two years. 

To examine differences in foraging activity 
among ages, we used a chi-squared test to 
compare the observed foraging activity (buzzes) 
to the expected foraging activity (based on 
sampling intensity) among ages. 

We calculated the mean and standard error for 
roost tree height, DBH, and roost height to 
evaluate species preferences. We compared these 
values between the two species using t-tests or 
Mann-Whitney tests when parametric statistics 
were inappropriate. 
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TABLE 10.1. Description of condition classes of trees. 

Symbol Condition Description 

A alive All branches and top intact and alive. No major signs of decay. 

PA partly alive Top or at least one major branch dying or dead. Rest of tree alive. 

D dead (6 classes):  

D1 well-developed canopy Newly dead tree, retains all branches including smaller twigs and 
probably retains top. Shows little sign of rot. Bark is tight. 

D2 moderate canopy Tree retains all major branches, but not smaller twigs and probably, but 
not necessarily, retains top. Is losing bark. 

D3 sparse canopy Tree retains some major branches, but these may be reduced in length. 
May or may not retain top. Has lost much of bark or bark is loose. 

D4 loose bark Tree has no branches and may or may not retain top. Has lost almost all 
bark. Trunk is still quite firm. 

D5 broken Tree has lost top and bark (bark may be hanging loosely). Trunk is fairly 
rotten (both heart and sap rot) and may be unsteady. 

D6 decomposed Tree is greatly reduced in height. The trunk is rotten and unsteady; the 
rotten wood can be pulled out with the fingers. 

 
Results 

Relationship Between Bat Abundance And 
Foraging Activity And Stand Age 
We confirmed the presence in all stand ages of 
three species (hoary bat, silver-haired bat, and big 
brown bat) and one genus (Myotis), using 
echolocation call monitoring. In both years, we 
detected similar activity levels for the different 
bat species (Figure 10.1). Most (70–75%) of the 
echolocation activity (passes/h) was Myotis, 
followed by silver-haired bats, big brown bats, 
and hoary bats. We were unable to identify the 
species of some calls at 25 kHz. 

Total detections were greater in 1994 than in 
1993 in stands sampled in both years (1171 
versus 762). There was a significant difference in 
the distribution of total bat and silver-haired bat 
detections across stand ages between 1993 and 
1994 ( 2=34.5, df=2, P<0.001 and 2=127.2, 
df=2, P<0.001). These differences reflected 
increases in detections in old stands from 647 
total passes in 1993 to 1076 in 1994 and from 69 
silver-haired bat passes in 1993 to 237 in 1994 
(Figure 10.2). Mean number of detections in 
mature and young stands remained low over both 
summers. 

In both years, relative abundance was greater in 
old stands than in mature or young stands (based 
only on stands sampled in both years, Figure 
10.2). In 1993, in hour one, the mean proportion 

of sites in which at least one bat was detected 
differed among ages (F=6.6; df=2, 9; P=0.02). In 
hour one, the proportion of sites in which at least 
one bat was detected was significantly higher in 
old stands (0.82) than in young stands (0.39; 
t=3.3; df=9; P<0.01; Figure 10.3). In hour two, 
the proportion of sites in old (0.49) and mature 
(0.48) stands declined, and there was no 
difference among ages (young=0.45; F=0.04; 
df=2, 9; P=0.96). 

In 1994, there was no significant difference 
between young and mature stands in the 
proportion of sites in which at least one bat was 
detected in either hour (Yates‘ 2=0.01; df=1; 
P=0.93). Therefore, we pooled data for these two 
stand ages and compared them to old stands. In 
hour one, at least one bat was detected in 11/12 
old sites compared to 17/32 young and mature 
sites combined (Yates‘ 2=4.1; df=1; P<0.05), a 
significant difference. In hour two, at least one 
bat was detected in 11/12 old sites and in 18/32 
young and mature sites combined; this difference 
was not quite significant (Yates‘ 2=3.4; df=1; 
P=0.06). 

The proportion of sites in which at least one 
Myotis was detected in different stand ages was 
similar to that of detecting a bat (Figures 10.3 and 
10.4). In 1993, the proportion of sites in which a 
Myotis was detected was significantly greater in 
old stands (0.75) than young stands (0.21; t=3.3; 
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df=9; P<0.01; c=0.017; overall model F=6.0; 
df=2, 9; P=0.02) in hour one. In hour two, the 
proportion of sites in old stands was lower than in 
hour one, and there was no difference among 
ages (young=0.24; mature=0.28; old=0.32; F=0.3, 
df=2, 9; P=0.76). In 1994, the proportion of sites 
in old stands (0.83) in which at least one Myotis 
was present was significantly greater than the 
proportion of sites in the other ages (0.16; Yates‘ 

2=14.9; df=1; P<0.001) in both hours. 
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FIGURE 10.1. Proportion of total detections 
(#passes/h) contributed by different species of bats in 
aspen mixedwood forests in 1993 and 1994. 
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FIGURE 10.2. Mean (  S.D.) total number of bats 
detected (passes/h) in different stands and stand ages in 
aspen mixedwood forest, 1993 and 1994 (O=old, 
M=mature, Y=young). Stands M3, M4, O2, and O3 
were not sampled in 1994. 

 
FIGURE 10.3. Proportion of sites (  S.D.) in which at 
least one bat or one Myotis was detected, in the first 
hour after sunset in different ages of aspen mixedwood 
forest, Alberta, 1993. 

 
 

 
FIGURE 10.4. Proportion of sites in which at least one 
bat or one Myotis was detected, in the first hour after 
sunset in different ages of aspen mixedwood forest, 
Alberta, 1994. 

 

The proportion of sites in which at least one 
silver-haired bat was detected was low in all 
stand ages in both years. The probability of 
detecting at least one silver-haired bat was equal 
in all stand ages in both hours in 1993 (hour 1: 
young=0.19; mature=0.23; old=0.20; F=0.1; 
df=2, 9; P=0.90; hour 2: young=0.34; 
mature=0.35; old=0.25; F=0.4; df=2, 9; P=0.67). 
In 1994, at least one silver-haired bat was 
detected in 6/32 young and mature sites and 6/12 
old sites in hour one, and 4/32 young and mature 
sites combined and 2/12 old sites in hour two. 
These differences were not significant (hour 1: 
Yates‘ 2=2.9; df=1; P=0.09; hour 2: 2=0.0; 
df=1; P=1.0). 
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In 1993, when bats were present, old stands 
appeared to support greater total bat activity, 
particularly in hour one, but the overall ANOVA 
model was not significant (F=1.5; df=11, 32; 
P=0.18). Mean total activity in 1993 was 10.1 
passes/h in old, 3.2 passes/h in mature, and 2.3 
passes/h in young stands. In 1994, old stands had 
significantly higher mean total passes/h (55.0) 
than both young and mature stands in hour one 
(1.6 and 2.1 passes respectively; F=39.9; df=2, 4; 
P=0.002). There were no significant differences 
among ages in hour two in either year. There 
were insufficient data to evaluate differences in 
Myotis or silver-haired bat activity among stand 
age in either hour or year. 

During all-night sampling, there was no 
significant difference in activity among periods in 
any age. Young and mature stands had uniformly 
low activity. In young stands, mean number of 
passes ranged from 1.0 passes/2h in the evening 
to 2.6 passes/2h in the night. (F=1.0, df=2, 12, 
P=0.39). In mature stands, activity ranged from 
2.2 passes/2h in the evening to 2.9 passes/2h in 
the morning (F=0.4; df=2, 14; P=0.71). Old 
stands had greater activity than either young or 
mature stands, peaking at a mean of 38.7 
passes/2h during the night period, compared to a 
morning mean of 22.8 passes/2h (F=0.6, df=2, 
18, P=0.58). 

In 1993, mean total bat and Myotis activity 
appeared to be higher in old stands 1 and 3 and 
mature stand 4, than in other old and mature 
stands, respectively. In 1994, mean total activity 
was again highest in old stand 1. Mean total bat 
detections was uniformly low in young stands in 
both years, and other mature stands in 1993. 

In stands where high activity was recorded, we 
often detected elevated numbers of passes near 
gaps within the sites. On the few occasions that 
we heard 100 passes or more in the two hour 
sampling period, we were stationed near big gaps 
in old stands. The high activity in mature stand 4 
was primarily due to the activity recorded at a 
large gap in one site. 

Foraging activity was generally low in most sites, 
although it was high in a few sites near large 
gaps. A total of 127 buzzes was heard in 129 
hours in 1993, and 74 buzzes in 88 hours in 1994. 

When we compared only the sites that were 
sampled in both years, and equalized sampling 
effort in terms of number of hours/site, total bat 
and Myotis foraging activities were similar in the 
two years (Total: 1993=80.7 buzzes; 1994=71.9 
buzzes; Myotis: 1993=44.7; 1994=63.8 buzzes). 
Silver-haired foraging activity, however, was 
much lower in 1994 (9.1 buzzes) than in 1993 
(35.0 buzzes). 

In both years, total foraging activity was greater 
than expected in old stands (1993: 84 buzzes; 
1994: 69 buzzes) and lower than expected in 
young (1993: 24 buzzes; 1994: 0 buzzes) and 
mature stands (1993: 18 buzzes; 1994: 1 buzz) 
(1993: 2=54.9; df=2; P<0.001; 1994: 2=167.4; 
df=2; P<0.001; Figure 10.5). Myotis foraging 
activity was also significantly greater in old 
stands in both years (1993: 2=225.3; df=2; 
P<0.001; 1994: 2=147.8; df=2; P<0.001; Figure 
10.5). In 1994, we detected Myotis foraging only 
in old stands. In 1993, silver-haired bats foraged 
slightly more than expected in old and young 
stands, and less than expected in mature stands 
( 2=26.4; df=2; P<0.001;) but in 1994, they 
foraged exclusively in old stands ( 2=24.0; df=2; 
P<0.001; Figure 10.5). 

We also compared the ratio of the number of 
buzzes to the number of passes among stand ages, 
but were unable to perform statistical analyses 
due to limited data and high variation. Ratios, for 
all bats combined, ranged from 0.05 to 0.31 
buzzes/pass over the two years. In 1993, although 
few bats were detected in young stands, relative 
to the number of passes, the foraging activity was 
high compared to that of old or mature stands. In 
1994, however, foraging occurred at low levels in 
all ages (relative to the number of passes), and 
was lowest in young stands. No Myotis or silver-
haired feeding buzzes were detected in young 
stands in 1994. 
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FIGURE 10.5. Comparison of observed to expected (based on sampling effort) number of feeding buzzes for 
different bat species in 3 stand ages in each year a) total, b) Myotis, c) silver-haired bat. 
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Radiotelemetry observations in 1994 indicated 
that in the first 60–90 minutes after bats exited 
their roosts they remained within 2 km and often 
returned several times to the roost tree. 

Bat Diversity, Population Structure, And 
Roosting Behavior 
In addition to bats identified using echolocation 
monitoring, we captured four species of bats. We 
caught both little brown bats (Plate 28) and 
silver-haired bats in stands of all ages. Adults and 
juveniles of both sexes and both species were 
caught. Additionally, we caught one adult female 
hoary bat in mature stand 3 and one adult male 
northern long-eared bat in young stand 4. In 
conjunction with echolocation monitoring, we 
caught 20 bats in 1993 (65% in old stands), and 
10 bats in 1994 (Table 10.2). In 1994, we caught 
a further 69 bats in or near stands in conjunction 
with radio-tagging (Table 10.2). 

In 1994, we netted and radio-tagged bats in or 
near old stands 1, 2, and 4, mature stands 2 and 4, 
and young stand 4. We radio-tagged nine little 
brown bats and five silver-haired bats which led 
us to 14 and nine roosts, respectively. 

Little brown bats and silver-haired bats used 
similar trees and roosts. Nineteen roost trees were 
aspen (Plate 29), one was balsam poplar, and 
three were unidentified Populus species. Mean 
roost-tree height and roost height, respectively, 
were 21.8 m and 10.7 m for little brown bats and 
22.4 m and 11.1 m for silver-haired bats (Figure 
10.6). These values did not differ significantly 
between bat species (roost-tree height: t=0.2, 
df=21, P>0.80; roost height: t=0.2, df=21, 
P>0.80). Little brown bats used roost trees with 
tops on average 0.2 m below the canopy, and 
silver-haired bats used roost trees with tops on 
average 1.2 m below the canopy (t=0.5, df=20, 
P>0.60). Mean roost tree DBH did not differ 
significantly for little brown bats and silver-
haired bats [41.4 cm and 41.3 cm, respectively; 
(t=0.0, df=21, P>0.95); Figure 10.7]. 

Most roosts appeared to have originated as cracks 
(Plate 30), scars or knot holes. Two of 23 roosts 
were under loose bark or in shallow cavities. 
Although most of the roost trees were alive or 
recently dead and were not of advanced decay 
(Figure 10.8), these trees may have had some 
heart rot that formed cavities in the trees (we 
could not see the back of most of the roosts). 
Moreover, while three colonies consisted of only 
one female, several little brown bat colonies were 
relatively large (up to 60 bats; Figure 10.9) and 
could only have occupied large cavities. Mean 
colony size was similar for little brown bats 
(17.4) and silver-haired bats (9.9) (t=1.1, df=21, 
P>0.25). 

Colonies were transient (mean residency 
time=3.3 1.6 days, N=9). Bats did not remain 
together, but individuals from the colonies moved 
to different trees. Bats often moved several 
hundred metres between roost trees, and 
sometimes moved more than a kilometre. Mean 
distance between successive roost trees was 
approximately 775 710 m (N=14). Roost trees 
used by the same bat were always in stands 
connected to each other by forested areas 
(including stands of the same or other ages or 
species). We never located a roost tree more than 
25 m from a patch of old forest into a cleared 
area. 
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FIGURE 10.6. Mean roost tree and roost heights used 
by little brown bats (N=14) and silver-haired bats 
(N=9) in aspen mixedwood forests, Alberta, 1994. 

 
 
 
 
 

0

0.1

0.2

0.3

0.4

0.5

P
ro

p
o

rt
io

n
 o

f 
R

o
o

s
t 

T
re

e
s

20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69

DBH Class (cm)

Silver-haired Bat

Little Brown Bat

 
FIGURE 10.7. DBH of roost trees used by little brown 
bats and silver-haired bats in aspen mixedwood forests, 
Alberta, 1994. 
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FIGURE 10.8. Decay classes of roost trees used by 
little brown bats and silver-haired bats in aspen 
mixedwood forests, Alberta, 1994 (A=alive, PA=partly 
alive, D1–D2=newly dead, D3–D4=decaying, D5–
D6=very decayed; see Table 10.1). 
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FIGURE 10.9. Colony size of little brown bats and 
silver-haired bats in tree roosts in aspen mixedwood 
forests, Alberta, 1994. 
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TABLE 10.2. Species, sex, and age of bats captured in aspen mixedwood stands of different ages in 1993 and 1994. S 
represents the total number of bats caught in conjunction with site monitoring in both years; R represents bats caught 
in conjunction with radio-tagging in 1994. 

   Forest Age Total 

Species Age Sex Young Mature Old  

   S R S R S R  

Little brown bat Adult 
Adult 
Juvenile 
Juvenile 
 

F 
M 
F 
M 

0 
0 
0 
0 

1 
2 
1 
1 

5 
0 
1 
0 
 

0 
1 
3 
2 
 

8 
3 
5 
0 
 

45 
2 
0 
0 

 

59 
8 

10 
3 

Northern long-eared 
bat 

Adult 
 

M 1 0 0 0 0 
 

0 1 

Silver-haired bat Adult 
Adult 
Juvenile 
Juvenile 
 

F 
M 
F 
M 

1 
0 
1 
0 

0 
0 
0 
0 

0 
0 
3 
1 
 

3 
1 
1 
1 
 

0 
0 
0 
1 

4 
0 
0 
0 

 

8 
1 
5 
3 

 
Hoary bat Adult F 0 0 0 1 0 0 1 

 

Discussion 

At least five species of bats were found in aspen 
mixedwood forests, and the bat community was 
dominated by little brown and silver-haired bats. 
Breeding populations of both these species were 
confirmed in the area and the capture of a female 
hoary bat may indicate that hoary bats also breed 
in the area. Big brown bats and northern long-
eared bats also occur in aspen mixedwood 
forests. 

Relationship Between Bat Abundance And 
Stand Age  
In both 1993 and 1994, bat abundance, dominated 
by Myotis, was strongly associated with old 
stands. Bats were detected in fewer than half of 
young and mature sites, and were only detected in 
low numbers in those sites. 

Stand age alone could not completely account for 
the patterns of bat abundance as detections varied 
among old stands and was not uniformly high. 
Bat activity likely reflects certain structural and 
compositional elements which may be more 
prevalent in some old stands (such as old stands 1 
and 3), but which are found occasionally in 
mature stands (such as mature stand 4). These 
structural elements may be selected by bats 
because they provide appropriate foraging and/or 
roosting habitats. 

Because of the physical clutter present in general 
in forests, bats may forage in less dense forest or 
in gaps within the forest (de Jong 1994), or over 
nearby lakes and streams. But, observations at 
Touchwood Lake and at numerous beaver ponds 
and marshes over both years of this study 
indicated no concentrations of bats foraging over 
water bodies. In particular, big brown and hoary 
bats likely avoid clutter as they are less 
maneuverable (Norberg 1987); this may explain 
the low abundance of these species in aspen 
mixedwood forests. Although the ratios of buzzes 
to passes of all species groups were higher within 
the boreal forest than within Pacific coniferous 
forests, they were low compared to foraging 
ratios over water bodies adjacent to coniferous 
forests (Thomas 1988). Therefore, we expected 
that bats were leaving the forest to feed over 
water bodies. Our radiotelemetry observations of 
little brown and silver-haired bats do not support 
this hypothesis, however, at least for the first part 
of the night, as they were generally within close 
range of the roost tree. Therefore, we suggest that 
these species often forage in the forest as they 
have sufficient maneuverability to forage in large 
gaps, seismic lines, and other openings (Norberg 
1987). 

Our observations of foraging bats support the 
idea that bats may be attracted to large gaps (>20 
m diameter) in forests, as we rarely detected 
feeding buzzes in smaller gaps or dense forest. 
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Also, high bat activity was only detected near 
these large gaps. Barclay (1985) also often 
observed silver-haired bats feeding in clearings. 

The association of big brown bats with conifers 
(presented in Chapter 8, Table 8.10) may be 
indicative of an association of these bats with old 
stands (Chapters 3, 7). The association of Myotis 
with large trees (Chapter 8, Table 8.10) may also 
reflect an association with old stands (Chapters 3, 
7) 

Old stands may be less cluttered than younger 
stands because of the high canopy, low density of 
large trees, and presence of large gaps (Chapters 
3, 4). Absolute foraging activity was higher in old 
stands than in the other ages, particularly in 1994, 
when no foraging occurred in young stands. 
Therefore, it might be argued that bats are more 
abundant in old stands due to increased foraging 
efficiency. However, differences in forest clutter 
do not explain all of the association of bat 
abundance with forest age given the generally 
low foraging levels in the forest, and the fact that 
the foraging rates of bats present in the different 
ages were not consistently different. Roost tree 
abundance may be a more important factor 
influencing bat distributions. 

Bat Diversity, Population Structure And 
Roosting Behaviour 
In temperate coniferous forests, bats are more 
abundant and active in old stands than in younger 
stands (Perkins and Cross 1988; Thomas 1988) 
and in Douglas fir (Pseudotsuga menziesii) 
forests than in other forests (Perkins and Cross 
1988), likely because of the greater abundance of 
suitable roost sites in those forests. In aspen 
mixedwood forests, trees with the characteristics 
(i.e., large size) selected by bats are scarce in 
young and mature stands, and are more common 
in old stands. In young and mature stands, there 
are few trees that reach 40 cm DBH, and in 
young stands, there are few trees as tall as 20 m 
(Chapter 3). 

The large size and the low decay class of roost 
trees may be very important to the reproductive 
fitness of bats. To house numerous bats in a 
colony, trees need to be of large diameter. 
Moreover, both the thickness of wood 

surrounding the cavity and the state of decay of 
roost trees may be critical in providing 
appropriate environments for thermoregulation. 
Maternity colonies require warm, well-insulated 
environments, as young must develop quickly in 
order to gain fat reserves before hibernation, and 
females leave their young in the roost while 
foraging (McNab 1982; Kunz 1987). Small DBH 
trees may be unable to satisfy these requirements. 

Individual bats also appear to require a number of 
roost trees, as they switched trees frequently. 
Bats may switch roosts to avoid predation 
(Barclay et al. 1982), or to avoid accumulations 
of parasites (Lewis 1992). Although the cause of 
this behaviour is not known, it is important to 
consider, as the persistence of healthy bat 
populations may depend on the availability of 
roosts for frequent switching. Suitable trees may 
be at such low density in young and mature 
stands that bats are unable to find sufficient 
alternate roosts, despite the apparent ability to fly 
several hundred metres from one roost tree to the 
next. This may be particularly true during 
lactation, when roosting environment is critical, 
and females have to carry their young from roost 
to roost.  

We often detected high bat activity around roost 
trees. We hypothesize that with increasing 
distance from roost trees, fewer passes would be 
heard as the bats dispersed. Because roost trees 
were more common in old stands, roosting 
behaviour may account for some of the higher bat 
activity we detected in old stands in concert with 
foraging patterns. Bats may choose a forested 
area primarily for abundance of roost trees and 
forage opportunistically as they move from roost 
trees to feeding areas. The high activity in hour 1 
compared with hour 2 may indicate an early peak 
of activity due primarily to synchronized 
emergence from roost trees, and compounded by 
returns to the roost after a short flight, 
particularly during late pregnancy and early 
lactation. 

An alternate explanation of an early peak in 
activity may be insect activity patterns. Many 
insects are crepuscular, and others, while 
nocturnal, are more active just after sunset 
(Lewis and Taylor 1964). Insect abundances also 
may vary among and within stands of different 
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age. Bats may be attracted to forests with more 
abundant insects. More research is needed to 
determine if variations in bat abundance within 
forests are responses to variations in insect 
abundance. 

In general, bat abundances were associated with 
attributes that reflected stand age. The positive 
relationship between bat activity and gaps, 
Myotis activity and large trees, and big brown bat 
activity and conifers, indicates that these species 
are attracted to attributes associated with old 
stands. Given the characteristics of roost trees, 
the lack of significant associations with many 
attributes relating to tree size and density is 
surprising, and may reflect low sample sizes of 
bat abundance or may reflect that attributes such 
as gap size and density of large diameter, newly 
dead trees were not measured. 

Recommendations for Harvest 

In summary, we believe that the pattern of bat 
distribution in aspen mixedwood forests is related 
to a combination of factors including abundance 
of roost trees, large gaps, and insects, and that 
optimal combinations of these attributes are more 
prevalent in old stands. All of these factors may 
act in concert to affect bat distributions. These 
features should be considered carefully when 
planning forest harvesting operations, or a 
decrease in bat abundance may occur. 

The results of this two year study, our survey of 
the literature, and other studies currently in 
progress, lead us to make the following 
recommendations to minimize adverse effects of 
forest harvesting on bats. 

1) Any harvesting regime should retain old stands 
in aspen mixedwood forest within historic ranges 
of natural variability. The greater abundance of 
bats in these stands may be due to the presence of 
structural elements required by bats, such as large 
decaying trees and large gaps. 

2) Retained old stands should be large enough to 
incorporate the following structural 
characteristics: 

a) Roost trees: old stands must include some 
dying or newly dead Populus spp. trees 

(preferably aspen) of at least 20 m in height and 
40 cm DBH. These trees should also show 
evidence of large, deep, open scars, knot holes, 
and/or cracks at least 10 m above the ground. 
Such trees should have intact tops. Many such 
trees are required because colonies are 
generally small, but numerous. Moreover, bats 
frequently switch roosts, often moving 500–800 
m from roost to roost. To accommodate 
roosting behaviour alone, remnant patches of 
old growth should be at least 120 ha. 

b) Canopy/understory gaps: old stands should 
be large enough to include several gaps of at 
least 30–50 m2 in size. 

3) Old stands should be connected to other 
forested areas by forested corridors. Several 
researchers (e.g., de Jong 1994; Grindal 1995; 
Crampton, unpublished data) have found that bats 
do not like to forage in or cross open areas. 
Therefore, isolated patches of old aspen 
mixedwood forests may not be used by bats. 

4) Harvested areas should be small. Small 
cutblocks are likely to provide better bat foraging 
habitat than large cuts. Many bats avoid crossing 
large open areas (see above), perhaps to avoid 
predation. Rydell (1989) documented attacks by 
birds on bats in flight. In our study, in 1994, few 
bats were active in the center of cutblocks 
(Crampton, unpubl. data). Moreover, bats may 
prefer edge habitat (Barclay 1985; Grindal 1995, 
Crampton, unpublished data) as insects 
accumulate in the lee of trees (Lewis 1970). 
Large cutblocks may therefore be low quality bat 
habitat. 

5) Harvesting plans should ensure that many 
potential roost trees are left in cutblocks. Other 
smaller trees should be left unharvested so that 
they can grow to become roost trees. These trees 
should be surrounded by other trees to avoid 
blowdown and to moderate climatic influences on 
the roost. Leaving roost trees close to the edge 
will minimize the distance bats have to travel 
before reaching cover and will mitigate potential 
blowdown. Smaller cutblocks should also reduce 
the chances of blowdown.  
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11. RELATIONSHIPS BETWEEN NORTHERN FLYING SQUIRRELS AND STAND AGE AND 

STRUCTURE IN ASPEN MIXEDWOOD FORESTS IN ALBERTA 

Lisa McDonald 

Abstract 

Abundance of flying squirrels in young (20–30 
years), mature (50–65 years), and old (120+ 
years) aspen mixedwood stands was compared to 
forest community structure. Flying squirrel 
abundance, as measured by trapping success, was 
higher in old stands than in other stand ages and 
was positively related to conifer and 
shrub/sapling densities. Although flying squirrels 
frequently used cavities with small entrances in 
large diameter aspen snags, preference for den 
trees, relative to availability, appeared to be 
based on the following characteristics; live trees, 
low decay stage, high percent of bark remaining, 
a single cavity present in the tree, and a large 
cavity entrance. 

Introduction 

Industrial logging generally precludes the 
development of large diameter trees and snags 
(Evans and Connor 1979; Cline et al. 1980; 
Zarnowitz and Manuwal 1985), and those trees 
and snags left standing after harvest may be 
subject to blowdown (Allen 1993). The 
combination of these two events results in fewer 
large diameter trees and snags in harvested 
forests than in naturally regenerated forests 
(Evans and Connor 1979; Mannan et al. 1980). 
The loss of large trees and snags may affect small 
mammals that use cavities in large diameter trees 
and snags as den sites (Mannan and Meslow 
1984; Zarnowitz and Manuwal 1985). Concern 
for cavity-dependent species exists because 
cavities are much more abundant in snags than 
live trees (Mannan et al. 1980; Healy et al. 1989), 
large diameter trees are more likely to have 
cavities than small diameter trees (Rosenberg et 
al. 1988), and large diameter trees are most 
abundant in old forests (Mannan et al. 1980). 

The northern flying squirrel may be negatively 
affected by the harvest of aspen mixedwood 
forests. Few studies have examined habitat use by 
northern flying squirrel, and none examined 
habitat selection in deciduous forests. In conifer 

forests, flying squirrels mainly use nests 
constructed in ―witches‘ brooms‖, although tree 
cavities are used occasionally (Mowrey and 
Zasada 1984). The southern flying squirrel, an 
inhabitant of deciduous forests, is commonly 
found in snag cavities (Fridell and Litvaitis 
1991). Both northern and southern flying 
squirrels are believed to be old-growth specialists 
(Harris and Maser 1984; Brown 1985; Franklin 
1988). Accordingly, nesting preferences of flying 
squirrels may make this species sensitive to 
current forestry practices. 

To determine the habitat associations of flying 
squirrels in aspen mixedwood forests, the relative 
abundance of flying squirrels in young, mature 
and old aspen mixedwood stands was measured 
and related to habitat characteristics of these seral 
stages. Radio-collared squirrels were used to 
locate and measure daytime den sites. To 
determine if flying squirrels selected den trees 
with specific characteristics, den trees used by 
flying squirrels were contrasted to potential den 
trees and to random trees. 

Methods 

The environmental setting in which this study 
was conducted and the methods used to select 
research stands and sites are described in Chapter 
1. The techniques used to quantify forest 
community structure are described in Chapters 3, 
4, and 5. 

Relative Abundance 
Flying squirrels were live-trapped between July 1 
and August 22, 1993. Traps were set for three 
consecutive nights in each of four young (20–30 
years), four mature (50–65 years), and four old 
(120+ years) aspen mixedwood stands. To 
determine if the pattern of squirrel abundance in 
1993 was repeated in 1994, squirrels were live-
trapped for nine nights (May 3–May 28) in 1994. 

At each site, four traps (Tomahawk 201) were 
placed along three randomly chosen 80 m 
transects extending from site center, resulting in 
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12 traps per site. Traps were positioned within a 
hemi-circle (10 m radius) that extended forward 
along the transect at 20 m intervals. Within the 
hemi-circle, trap placement was chosen based on 
the following hierarchy: largest diameter conifer 
(>20 cm diameter at breast height [DBH]), 
followed by largest diameter snag (>20 cm 
DBH), followed by largest diameter deciduous 
tree. For equivalent trap locations within the 
hierarchy, preference was given to sites with trees 
leaning against them and/or greater amounts of 
foliage cover by surrounding shrubs. At the 
chosen location, a trap was nailed horizontally to 
the tree 1.5–2.0 m above ground with the mouth 
of the trap as close as possible to the tree trunk 
(Plate 31). 

Den Site Characteristics 
Captured squirrels were fitted with radio-
transmitting collars (Holohil PD–2C 
transmitters). Squirrels radio-collared during the 
summer and fall of 1993 were located weekly at 
their daytime den sites from August, 1993 to 
February, 1994. Squirrels captured in 1994 were 
located at their daytime den sites between May 
and August, 1994. It was recorded if the squirrel 
was observed when the snag or tree was shaken. 
At each den site, the following attributes were 
measured: tree species, condition of tree (dead or 

alive), DBH, and tree height. Percent bark was 
categorized as follows: 0–20%, 21–40%, 41–
60%, 61–80%, or 81–100% bark remaining. Bark 
condition was described as loose or tight on the 
tree core. The decay stage of den trees was based 
on structural attributes of the tree or snag (Figure 
11.1). Trees with intact trunks and most of the 
original branches were classified as stage one if a 
full complement of leaves were present and stage 
two (snag) if no leaves remained. Snags with 
intact trunks and increasingly fewer branches 
were classified as stage three and four. Snags 
with an intact trunk and no branches were 
classified as stage five. For snags without an 
intact bole, relatively tall and short snags with no 
remaining branches were classified as stage six 
and seven, respectively. 

Attributes of the cavity or stick nest at the den 
site were recorded including, the number of 
cavities on the tree or snag, and cavity or nest 
height. The type of nest was recorded as 
excavated cavity (created by a primary 
excavator), natural opening cavity (such as 
knotholes, cracks, and broken trunk tops), or 
constructed nests. Cavity entrance size was 
categorized as pileated woodpecker (approx. 11 x 
6 cm) or yellow-bellied sapsucker size (approx. 6 
x 4 cm). Cavity direction was recorded as the 
compass direction the cavity entrance faced. 

 
 

 
 Stage 1 (leaves) Stage 3 Stage 4 Stage 5 Stage 6 Stage 7 

 Stage 2 (no leaves) 

 
FIGURE 11.1. Structural attributes used to classify decay stage of trees and snags. 
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Availability of Potential Den Sites 
To determine if den sites used by flying squirrels 
were different from potential trees (i.e., trees and 
snags sampled with at least one cavity or stick 
nest) and random trees (i.e., all trees and snags 
sampled with and without cavities or stick nests), 
trees and snags were sampled along eight 
transects within each research stand. Transects 
were systematically placed >100 m apart within 
each of two young, two mature, and two old 
stands. Each transect had 10 points, 40 m apart, at 
which one live tree and two snags were sampled. 
The closest live tree to the transect point (DBH 
>10 cm, height >3.0 m) was selected for 
sampling. If the tree had a cavity, measurements 
were taken as done for flying squirrel den sites. 
For snag sampling, the T-square nearest 
neighbour technique was used (Krebs 1989). The 
closest snag to the transect point (dead tree DBH 
>10 cm, height >2.0 m) was chosen for sampling. 
The distance between the transect point and snag 
was measured. The next snag measured was that 
which was nearest to the first snag and outside a 
90 degree angle from the line extending from the 
transect point to the first snag sampled. Those 
data were used to determine density of potential 
den trees and random trees (Krebs 1989). If a 
cavity was present in the live tree or snag, the 
tree or snag was shaken to determine if the cavity 
was occupied by a flying squirrel. 

Analyses 
Due to the low number of captures and skewed 
distribution of the data, the Kruskal-Wallis test 
was used to determine if there was a significant 
difference in abundance of flying squirrels among 
stand ages. Available tree structures were 
contrasted to den characteristics, including tree 
diameter, tree height, species, condition, percent 
bark, bark condition, decay type, number of 
cavities on a den tree, cavity height, cavity type, 
cavity entrance size, and cavity direction, using 
chi-square tests and analysis of variance for 
categorical and continuous data, respectively. 
These analyses were done for two samples of 
available trees. One group of trees was 
considered to be available only if the trees or 
snag sampled had at least one cavity or stick nest 
(potential trees). The other group of trees 
considered to be available included all trees and 

snags sampled with or without cavities (random 
trees). 

Canonical discriminant analyses (SAS 1985) 
were used to evaluate differences between 
characteristics of den trees used by flying 
squirrels and potential den trees. Because den 
sites used by flying squirrels were exclusively 
found in trees and snags with cavities or stick 
nests, only those trees and snags with cavities or 
stick nests from the random sample of trees and 
snags were considered to be available den sites. 
Examination of differences between these two 
groups was based on the following tree and snag 
characteristics: bark condition, percent of bark 
remaining, tree species, tree and snag density at 
the stand level, tree height, tree condition, decay 
stage, tree diameter, and stand age. The Wilks‘ 
Lambda test was used to determine if the 
centroids for each group were significantly 
different at a 5% probability level. Values 
generated from the correlation of each variable to 
the canonical function were used to determine the 
relative importance of each variable to the 
separation observed between used and potential 
den trees. Direction of the relationship was 
determined by the sign associated with the value. 

Canonical discriminant analyses were also used 
to evaluate differences among stand age in 
characteristics of den trees used by flying 
squirrels. Examination of differences in den trees 
among the three age classes was based on the 
following characteristics: bark condition, percent 
remaining bark, tree species, tree height, tree 
condition, decay stage, tree diameter, and 
presence of a cavity. Density was not included in 
this analysis because it was calculated at a stand 
level. Therefore, this variable was perfectly 
correlated with stand age making it inappropriate 
to use when comparing patterns among stands. 

Canonical discriminant analyses were also used 
to evaluate tree cavity characteristics important in 
distinguishing between used and potential den 
trees. The following variables were included in 
the analysis: number of cavities on the tree, type 
of nest, cavity entrance direction, cavity entrance 
size, and cavity height. The same procedure was 
applied as described above for canonical 
discriminant analyses to determine the relative 
importance of each cavity variable in 
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distinguishing between used and potential 
cavities. Ratios were used to graphically 
represent the tree and cavity characteristics 
determined to be important by canonical 
discriminant analyses. Ratios were calculated by 
dividing attribute data (tree or den 
characteristics) from radio-collared individuals 
by data collected from systematic surveys of 
attribute availability. 

Stepwise logistic regression (SAS 1985) was 
used to determine which of the forest harvest 
attributes best explained the presence and 
absence of flying squirrels. Forest harvest 
attributes were defined as those structures that 
may have value to wildlife habitat and could be 
retained during forest harvest operations. The 
following variables were included in the logistic 
regression analysis: volume of down woody 
material (DWM) >20 cm diameter, density of 
trees >20 cm DBH, median percent cover of 
shrub/saplings, conifer density, and density of 
snags >20 cm DBH (Chapter 7). Forward 
stepwise selection with backward elimination of 
terms was used in these analyses and a variable 
added to the model if the change in the deviance 
residual contributing to the fit of the model was 
significant at a probability of 0.15, and removed 
if not significant at that probability. Two-way 
interaction variables were not included in the 
analysis because they could not be manipulated in 
an appropriate manner at the harvest site. 

Results 

Flying Squirrel Abundance 
Flying squirrel abundance differed among young, 
mature and old stands ( 2=6.9, df=2, P=0.03) 
with flying squirrels more abundant in old stands 
than in young and mature stands (Figure 11.2). 
Density of white spruce ( 2=5.0, P=0.03, df=1) 
and density of shrubs/saplings ( 2=5.9, P=0.02, 
df=2) were positively related 

to presence of flying squirrels (Figures 11.3 a,b) 
as follows: 

log(presence/absence) = –5.4 + 0.01 SPRUCE 
DENSITY + 0.11 SHRUBS  
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FIGURE 11.2. Number of flying squirrels detected in 
young, mature, and old stands of aspen mixedwood 
forest. 
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FIGURE 11.3. Abundance of flying squirrels 
(detections/72 sites) relative to a) density of white 
spruce and b) density of shrub/saplings.  
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Patterns of Den Use and Selection 
Flying squirrels used cavities (96%) or stick nests 
(4%) exclusively, and they used cavities or stick 
nests more often than would be expected from 
random trees ( 2=737.9, P<0.01; Figure 11.5). 
When den trees known to contain a radio-collared 
flying squirrel were shaken to confirm presence 
of flying squirrels, individuals were observed 
78% of the time (N=25). Northern flying 
squirrels denned more often in snags (59%) than 
live trees (41%) but used live trees with cavities 
more frequently than expected by chance 
( 2=16.0, df=1, P<0.01). However, snags were 
selected over live trees greater than expected 
from random ( 2=20.2, df=1, P<0.01; Figure 
11.4a). Squirrels were found in aspen trees (72%) 
more often than balsam (15%), spruce (9%), 
birch (4%), or willow (<1%) trees. Spruce trees 
were used more often than expected from 
potential den trees ( 2=19.4, P<0.01). However, 
squirrels did not use one tree species greater than 
expected from random trees ( 2=5.2, df=4, P=0.3; 
Figure 11.4b). 

The average diameter of den trees was 36.5 cm, 
but no difference was found in DBH between den 
and potential trees (F=1.5, P=0.09). However, 
trees >25 cm DBH were used greater than 
expected from random trees (F=1.5, P=0.02; 
Figure 11.4c). The average height of den trees 
was 16.6 m, but tree height was not used 
differently than would be expected from potential 
(F=1.3, P=0.2) or random trees (F=1.3, P=0.09; 
Figure 11.4d). Squirrels used trees with 81–100% 
bark more often than trees with <80% bark, and 
used 81–100% bark trees greater than expected 
from potential trees ( 2=19.1, P=0.001), but not 
random trees ( 2=5.7, P=0.2; Figure 11.4e). The 
condition of the remaining bark most often used 
for den trees was loose rather than tight on the 
tree core, though tight bark was used more often 
than expected from potential trees ( 2=6.7, 
P<0.01), but not from random trees ( 2=0.3, 
P=0.9; Figure 11.4f). Tree decay stage one and 
six were used more often than decay stage two, 
three, four, five, and seven, but only stage one 
was used greater than expected from potential 
trees ( 2=25.5, P<0.01), and only category five 
was used greater than expected from random 
trees ( 2=35.9, , P<0.01; Figure 11.4g). 

Flying squirrels used excavated cavities more 
often than knotholes, cracks, stick nests, and 
broken tree top cavities, but they used stick nests 
and broken tree top cavities ( 2=20.9, P<0.01) 
more often than expected from random (Figure 
11.4h). The number of cavities found on den trees 
was most often one rather than two, three, four, 
or five, with single cavity den trees used more 
often than expected from potential trees ( 2=19.1, 
P<0.01) while random trees often had no cavities 
or stick nests ( 2=737.9, P<0.01; Figure 11.4i). 
Small cavity entrances were used more often than 
large cavity entrances, but neither were used 
greater than expected from random trees ( 2=3.3, 
P=0.07; Figure 11.4j). The average cavity height 
used by flying squirrels was 8.8 m, but height of 
cavities used was not different than that expected 
from random cavities (F=1.5, P=0.06; Figure 
11.4k). The average cavity entrance direction was 
190 degrees, but cavity direction was not used 
greater than expected from random trees (F=1.1, 
P=0.8; Figure 11.4l). 
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FIGURE 11.4. Percent of den trees, potential den trees, and random trees with the following characteristics used by 
flying squirrels: a) tree condition, b) tree species, c) tree diameter, d) tree height, e) percent bark and f) bark 
condition. 
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FIGURE 11.4 (continued). Percent of den trees, potential den trees, and random trees with the following 
characteristics used by flying squirrels: g) decay stage, h) cavity type, i) number of cavities on tree, j) cavity entrance 
size, k) cavity height, and l) cavity direction. 
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FIGURE 11.5. Use of den trees with and without 
cavities or stick nests compared to the availability of 
randomly sampled trees and snags with and without 
cavities or stick nests. 

Den Site Selection 
Only those trees and snags sampled with cavities 
or nests were considered to be potential den trees. 
This allowed the determination of tree and snag 
characteristics that may be selected by flying 
squirrels given that a cavity or nest was present. 
There was a significant difference between the 
mean value on the canonical function of used and 
potential trees (F=3.4, df=9, 116, P<0.01). 
However, used and potential den tree 
characteristics overlapped considerably (Figure 
11.6). Mean characteristics for den trees used by 
flying squirrels was 0.59 on the canonical 
function and –0.44 for the potential trees. Tree 
condition, structural decay stage, and percent 
remaining bark were most highly correlated with 
the differences observed between used and 
potential trees (Table 11.1). Tree condition and 
percent remaining bark were positively correlated 
with the canonical function whereas structural 
decay class was negatively correlated. These 
variables were examined in univariate analyses. 
The ratio of used/potential den trees for these 
variables showed that live trees were used 
proportionally more often than dead trees (Figure 
11.7a), the lowest decay stage (1) was used more 
often than expected at random, (Figure 11.7b), 
and trees or snags with 81–100% remaining bark 
were used more often than other categories 
(Figure 11.7c). Characteristics of den trees used 
by flying squirrels differed significantly among 

stand ages (canonical discriminant analyses: 
F=4.1, df=16, 140, P<0.01). 

TABLE 11.1. Relative importance of variables for 
distinguishing characteristics of used and potential den 
trees based on correlations of the original variables to 
the canonical function. Potential den trees include only 
those trees and snags with cavities or nests. 

Variable Correlation of Original Variables 
and Canonical Function 

Tree Condition 0.87 

Tree Decay Stage –0.68 

Percent Remaining Bark  0.63 

Density of Trees and Snags  0.57 

Condition of Bark  0.49 

Tree Height  0.46 

Tree Species  0.38 

Stand Age  0.29 

Tree DBH –0.13 

 
Characteristics of used cavities differed from 
characteristics of potential cavities (F=2.5, df=5, 
215, P=0.03) although the overlap of the two 
groups was high (Figure 11.8). The centroid for 
used den trees was located at –0.35 whereas the 
centroid for potential cavities was located at 0.16 
on the canonical discriminant function. The 
number of cavities on a tree and cavity entrance 
size were most strongly correlated with the 
canonical function (Table 11.2). The number of 
cavities on a tree was positively correlated to the 
canonical function whereas cavity entrance size 
was negatively correlated. The use/potential ratio 
for these variables confirmed that trees or snags 
with one cavity (Figure 11.9a) and larger sized 
entrances (Figure 11.9b) were selected by 
squirrels more often than expected by random.  

The percentage of trees and snags with cavities 
available in each stand age was calculated by 
determining the density of trees and snags in each 
stand and the proportion of these with cavities. 
For snags, cavities were most frequent in old 
stands (13.0%), followed by young (6.9%) and 
mature (0.6%) stands. For living trees, cavities 
were most frequent in old stands (3.8%), 
followed by young (0.6%) and mature (0.6%) 
stands.
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FIGURE 11.6. Frequency histograms of scores from the canonical discriminant function for used and potential den 
trees. Mean value for used den trees is 0.59 on the canonical axis and –0.44 for the potential den trees. 
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FIGURE 11.7. Ratio of used/potential den trees for categories within a) tree condition (N=154), b) structural decay 
stage (N=155), and c) percent bark on the tree or snag (N=155). 

 

 

 

TABLE 11.2. Relative importance of variables for distinguishing characteristics of used and potential cavities based on 
the correlation of the original variables to the canonical axis. 

Variable Correlation with Original Variables and 
Canonical Function 

Number of Cavities on Tree 0.89 

Cavity Entrance Size –0.39 

Cavity Entrance Direction –0.29 

Cavity Type –0.11 

Cavity Height  0.04 
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FIGURE 11.8. Frequency histogram of scores from the canonical discriminant function for used and potential den 
cavities. Mean value for used den cavities is –0.35 on the canonical axis and 0.16 for potential den cavities.  

 

     
FIGURE 11.9. Ratio of used/potential den cavities for categories within a) number of cavities (N=241) and b) cavity 
entrance size (N=227). 

 

Discussion 

In aspen mixedwood forests, abundance of 
northern flying squirrels was greatest in old 
stands lending support to suggestions that flying 
squirrels use resources that are most abundant in 
advanced seral stages (Brown 1985; Franklin 
1988). The higher percentage of large diameter 
snags with cavities found in old stands may 
explain the greater abundance of flying squirrels 
observed in this stand age. Although there are 
numerous habitat attributes correlated with 
stand age that might explain the pattern of flying 
squirrel abundance, few studies have gone 
beyond describing density of flying squirrels as 
it relates to stand age (Brown 1985; Franklin 

1988). For those studies that have, habitat use of 
flying squirrel was described without 
comparison to habitat availability (Weigl and 
Osgood 1974; Mowrey and Zasada 1984; Witt 
1992). Habitat use for flying squirrel needs to be 
examined at a smaller scale than stand age and 
compared to availability of the resources in 
question. That approach would help narrow the 
search for possible reasons that flying squirrels 
prefer certain habitat types. 

In our study area, northern flying squirrels were 
generally found in south-facing, excavated, 
sapsucker cavities, in large diameter aspen 
snags. However, squirrels were capable of using 
den trees with a wide variety of characteristics 
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(Plates 32, 33) as demonstrated by the 
significant difference in den tree characteristics 
among stand age. These results were similar to 
those found in a study on southern flying 
squirrels (Muul 1974) in which squirrels were 
not restricted to a particular habitat type and use 
of tree species for nest sites reflected what was 
available in the area – an important 
consideration in terms of managing a harvested 
forest for flying squirrels. If squirrels are 
capable of exploiting various types of den trees, 
it may suffice to leave tree and snag structures 
that fall within the range of characteristics 
measured for den trees. However, that 
management strategy should be pursued 
cautiously because loss of some den tree 
characteristics in harvested forests may reduce 
the availability of optimum den trees below a 
critical level and adversely affect flying squirrel 
populations. 

Although selection for den tree characteristics 
was important in determining flying squirrel use 
of trees, the selected characteristic may not be a 
requirement for survival. Flying squirrels used 
cavities and stick nests exclusively, but were 
incapable of constructing either. Thus, selection 
for specific characteristics likely occurred by the 
primary cavity excavator or stick nest builder, or 
the natural processes that created cavities. 
Primary cavity excavators present in deciduous 
mixedwood forests include yellow-bellied 
sapsuckers, downy and hairy woodpeckers, 
northern flickers, and pileated woodpeckers 
(Chapter 7). Flying squirrel may select certain 
trees or snags, given that a cavity is present. It is 
within this context that selection by flying 
squirrels for specific characteristics was 
examined, because only those trees and snags 
with cavities were considered to be potentially 
available to the flying squirrel. To implement 
proper management techniques, however, 
cavities may need to be located in large diameter 
snags with a high structural decay stage because 
that is where they occurred naturally. 

Squirrels preferred to den in live trees over 
snags, probably because of increased foliage 
cover of live trees hiding flying squirrels from 
avian predators. In a study on southern flying 
squirrels, Sonenshine and Levy (1981) found a 
strong positive correlation between trees with a 

high estimated leaf width value and flying 
squirrel captures. Alternatively, the explanation 
may be the result of differing thermal properties 
of snags and live trees. High water content in 
wood lowers its insulation value (Desch and 
Dinwoodie 1981a). Rotting wood can have a 
higher water content than live trees because of 
fungal decay (Desch and Dinwoodie 1981b) and 
the ability of rotting wood to absorb moisture 
from the environment (Skaar 1972). Therefore, a 
snag may have a lower insulation value, and 
temperature may fluctuate with climate, thus 
reducing the suitability of a snag as a den site. 
Finally, live trees may have been selected 
because they are also less subject to blowdown. 

Squirrels preferred den trees with a low 
structural decay stage. Trees and less decayed 
snags may have structural attributes that provide 
protection for squirrels from avian predation. 
More leaves are found on live than dead trees 
and less decayed snags have a higher branch 
density than more decayed snags. Squirrels also 
selected den trees with the highest category of 
remaining bark: 81–100%. Coarse tree surfaces 
aid in landing and climbing (Bendel and Gates 
1987). Without bark, only the smooth inner core 
of the snag remains, and thus, the snag may not 
be as desirable a den site. 

Flying squirrels selected trees and snags with 
few cavities and with large cavity entrances. 
Although no studies have documented a positive 
relationship between flying squirrel predation 
rate and numbers of cavities, predators may be 
less likely to forage on trees and snags that have 
only one cavity. 

Selection for relatively large cavity entrances is 
contrary to a study in central Georgia (Loeb 
1993) in which southern flying squirrels were 
found to select smaller cavity entrance sizes. 
However, this apparent difference in selection 
may be due to differences in the availability of 
cavity entrance sizes in these different areas. In 
central Georgia, the average size of cavity 
entrances used by flying squirrels was 10.2 x 7.2 
cm while the average size of available cavities 
was 12.5 x 8.8 cm. In our study, the size of large 
cavities that were preferred had entrances of 11 
x 6 cm compared to 6 x 4 cm for the small 
cavity entrance size. These two studies may 
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indicate that flying squirrels select a specific 
cavity entrance size rather than the smallest or 
largest they can find. Thus, explanations for 
selection of smaller cavity entrance sizes may be 
incomplete. For example, if cavities with small 
entrances provide protection from predators 
while reducing competition for den trees from 
larger cavity users (Bendel and Gates, 1987), 
then flying squirrels should use cavities with the 
smallest entrances available, thus maximizing 
protection from predators and reducing 
competition from larger cavity users. 

Of the variables that could be manipulated 
during harvest, density of white spruce and 
density of shrubs were most strongly correlated 
with the presence of flying squirrels. Because 
the vegetation data were related to trapping 
success, squirrels were likely foraging when 
they were captured. Therefore, it is likely that 
explanations for these correlations lies with 
habitat attributes that enhance foraging or 
protection while foraging. 

The micorrhyzal fungi commonly eaten by 
northern flying squirrels (Maser et al. 1986) are 
obligatory symbionts with the roots of conifer 
trees (Maser et al. 1978). Although these fungi 
are also associated with the roots of deciduous 
trees (Cripps and Miller 1993), it is believed 
that the edible fruiting bodies of the fungi are 
less likely to develop due to lower availability 
of carbon in deciduous trees (Currah, personal 
communication). Therefore, higher conifer 
densities may be associated with greater 
abundance of mycorrhizal fungi and, 
subsequently, a higher abundance of flying 
squirrels. 

Flying squirrels are awkward and slow when 
moving on the ground (Solberger 1943; personal 
observation). Shrubs may provide protection to 
flying squirrel from ground predators when 
foraging. A strong correlation between trapping 
success of southern flying squirrels and shrub 
density was found in other studies (Sonenshine 
and Levy 1981; Rosenberg and Anthony 1992). 
If the relationship observed between flying 
squirrel abundance and spruce and shrub 
densities is viewed in terms of den tree use, it is 
interesting to note that yellow-bellied 
sapsuckers were also most strongly correlated 

with shrub density (Chapter 7). These birds 
excavate some of the cavities used by flying 
squirrels. 

Recommendations for Harvest 

Flying squirrels primarily used cavities in large 
diameter snags for den sites. However, of trees 
with cavities, flying squirrels preferred cavities 
located in live trees with a low decay class and a 
high percentage of remaining bark. To maintain 
suitable den trees in future forests, trees and 
snags with characteristics within the range of 
those used by flying squirrels should be retained 
at the harvest site. To do this, harvested 
cutblocks should maintain, where possible, a 
mixture of aspen and spruce trees, and snags 
greater than 20 cm in diameter. Some large 
diameter live trees, which may later become 
snags with cavities, should also be left. They 
will enhance the likelihood that trees or snags 
with cavities will persist in harvested forests 
through time. Some post-rotation stands (>70 
years) should be conserved on the managed 
landscape, as they are where flying squirrels 
were most abundant and where suitable den 
trees were most numerous. There are likely a 
number of habitat requirements of the northern 
flying squirrel that were not determined by this 
study. Until these requirements are determined, 
it would be prudent to retain older seral stages 
of natural origin in the boreal mixedwood 
landscape. 
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12. CHANGES IN VERTEBRATE COMMUNITIES IN RELATION TO VARIATION IN FOREST 

COMMUNITY ATTRIBUTES: A COMPARISON OF BIRD AND MAMMAL COMMUNITIES 

Jim Schieck and Laurence D. Roy 

Abstract 

Birds, mammals, and amphibians were surveyed 
at 24 sites in each of young (20–30 years), mature 
(50–65 years), and old (120+ years) aspen 
mixedwood stands in Alberta. Canonical 
correspondence analyses (CCA) were used to 
evaluate patterns of covariation between 
vertebrate communities and plant community 
attributes. Less than 25% of the variation in 
species abundances among sites was accounted 
for by covariation among species; thus, vertebrate 
community patterns do not incorporate many 
species-specific patterns. Patterns of covariation 
were similar, but not identical, for bird and 
mammal communities. Both bird and mammal 
communities and some plant community 
attributes (density and size of live trees, snags, 
and down woody material) associated with stand 
age covaried, although that covariation was 
stronger in the analyses involving birds than the 
analyses involving mammals. Bird and mammal 
communities and some plant community 
attributes covaried with canopy heterogeneity. 
Bird, but not mammal, communities covaried 
with conifer density. Patterns of covariation 
found when CCA was calculated using all 
vertebrates were similar to those found when bird 
and mammal communities were analyzed 
separately. In the all-species analyses, patterns of 
covariation did not differ among bird and 
mammal communities. Thus, at least in our study 
area, surveying either birds or mammals may 
have been adequate to describe patterns of 
covariation between vertebrate communities and 
vegetation. 

Introduction 

Traditional management of forest wildlife in 
North America has focused on relatively few 
species, often the large vertebrates that are 
hunted, trapped, or fished (Patton 1992). During 
the last 20 years, however, fewer people have 
participated in hunting and trapping activities 
(Filion et al. 1989; Stelfox and Wasel 1993), and 
more people have focused their recreation around 

non-game wildlife (Filion et al. 1989; McFarlane 
1994). This changing use of wildlife has forced 
managers to alter their priorities so that both 
game and non-game species are included in 
management plans (Soule 1991; Patton 1992). 
That transition has been difficult for managers 
because they are not able to construct detailed 
management plans for all of the multitude of 
wildlife species that live in an area (Franklin 
1993; Orians 1993; Tear et al. 1995). Therefore, 
managers have been forced to make decisions to 
either collect detailed information for a few key 
vertebrate species or to collect less intensive data 
for many species. The merit of the first choice 
depends on the degree to which responses of a 
small group of vertebrate species can be used to 
assess responses of the total community (Liu et 
al. 1995). 

The use of wide-ranging, specialized, or keystone 
vertebrate species as indicators of community 
health has been advocated by many wildlife 
biologists (Franklin 1993; Orians 1993; Patton 
1992). Part of this advocacy occurred because 
wildlife managers thought they could predict the 
species that would have been affected by the 
proposed changes to the environment (Carey et 
al. 1992; Rosenberg and Anthony 1992; Wallis 
de Vries 1995), or because impacts on a few 
species were expected to have an overwhelming 
influence on other species in the ecosystem, and 
thus understanding changes to those key species 
was considered important (Nordyke and Buskirk 
1991). Evaluating changes in communities and 
ecosystems has been recommended as an 
alternative to single-species approaches (Tear et 
al. 1995). However, in part, wildlife managers 
were reluctant to use community based 
assessments of changes to the environment 
because many managers were trained as 
population biologists. Community ecology, 
however, has become a rigorous branch of 
ecology and is used extensively by plant 
ecologists (ter Braak 1986; Kent and Coker 1992) 
and to a limited extent by other ecologists 
(Rushton et al. 1994).  
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There are few rigorous evaluations of the 
optimum number of species, or species groups, to 
be included when assessing changes to the 
environment. The inclusion of many species 
usually will make the analyses more complete, 
but there are trade-offs between the number of 
species that can be sampled and the number of 
sites that can be surveyed. 

In this study, we compared covariation between 
bird communities and forest attributes with 
covariation between mammal communities and 
forest attributes within aspen mixedwood forests 
to evaluate whether patterns were similar for 
those two vertebrate classes. If patterns were 
similar for the two vertebrate classes, then 
studying either group would have been sufficient 
to evaluate changes in the total vertebrate 
community. If, however, patterns differed 
between the vertebrate classes, then studying 
either group would not give a complete 
understanding of the variation in the vertebrate 
community. Specifically, we evaluated (1) 
whether patterns of covariation between wildlife 
and vegetation were similar for bird and mammal 
communities, and (2) whether patterns of 
covariation between wildlife and vegetation were 
similar for species that used similar parts of the 
forest. 

Methods 

Methods used to select study areas were 
presented in Chapter 1. Sampling methods for 
vegetation, birds, and mammals were described in 
Chapters 3–5, 7, and 8–11, respectively. 
Amphibians were sampled in pitfall traps that 
were set to sample small mammals (Chapter 8). 
Variation among stand ages in presence and 
abundance of birds and mammals were evaluated 
in Chapters 7 and 8, respectively. In the present 
chapter we evaluate covariation among bird 
species, among mammal species, and among all 
vertebrates as it relates to variation in plant 
community attributes. Only data that were 
collected during the breeding season (spring and 
summer) were included in these analyses. 

Covariation between bird communities and forest 
community attributes were evaluated using 
canonical correspondence analyses (CCA) (ter 
Braak 1992). CCA is a multivariate analyses 

technique that is used to evaluate patterns of 
covariation between groups of species and a 
series of environmental variables (Kent and 
Coker 1992). Using this analyses technique, bird 
species whose abundances changes in similar 
patterns among areas are grouped together and 
the environmental variables that are either 
positively or negatively associated with that 
covariation among bird species are identified (ter 
Braak and Prentice 1988). Consequently, CCA 
highlights general patterns of variation that are 
similar for many species and relates that 
covariation to general patterns of variation in 
environmental variables. CCA does not extract 
variation in species abundance unless it is 
associated with variation of other species, nor 
does it extract variation in environmental 
variables unless those environmental variables 
vary in relation to the covariation among species 
groups (ter Braak and Prentice 1988). Thus, 
changes in a species abundance that is specific to 
one species, or that is not related to the 
environmental variables remains as unexplained 
variation in the CCA. 

Although many forest community attributes were 
sampled at each site (Chapter 3), CCA are of 
little value unless the number of attributes is less 
than the number of wildlife species (ter Braak 
and Prentice 1988). Consequently, we selected a 
reduced set of forest community attributes to be 
compared with changes in bird communities. 
When choosing the reduced set of forest 
community attributes, priority was given to 
attributes that had been found, or had been 
suggested, to be important in the published 
literature. In addition, when possible, attributes 
that summarized a group of forest community 
attributes (e.g., total herb cover rather than using 
cover for each herb species) were used. For each 
of the forest community attributes, we used the 
median values at each site because the 
distributions of data were not normal and the 
95% confidence intervals around the mean values 
often excluded more than half of the 
observations.  

Twelve forest community attributes were 
included in the CCA analyses involving bird 
communities. Density of aspen trees (number/ha) 
was included because this was the dominant tree 
species and many bird species nested and/or 
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foraged in these trees (Semenchuk 1992). Conifer 
density (number/ha) and density of other trees 
(number/ha) were included because the flora and 
invertebrates associated with conifer and non-
aspen trees differ from those associated with 
aspen trees (Conner et al. 1975; Raphael and 
White 1984). Density of snags (number/ha) was 
included because, within the boreal forest, many 
bird species used snags for nesting and foraging 
(Erskine 1977, Francis and Lumbis 1979; 
Semenchuk 1992). Densities of large (DBH >20 
cm) live trees (number/ha), large (DBH >20 cm) 
snags (number/ha), height (m) of canopy trees 
(height of the 90

th
 percentile tree in our sample), 

and volume of large (diameter >20 cm) DWM 
(m3/ha) were included because some birds nested 
within, or foraged on, large trees, snags, and 
DWM (Raphael and White 1984; Bull et al. 
1992; Conway and Martin 1993). Volume of 
small (diameter <20 cm) DWM (m3/ha), herb 
cover (%), and grass cover (%) were included 
because they provide a structured environment 
for birds that foraged or nested on the ground and 
may have influenced nest placement and 
predation (Keppie and Herzog 1978; O'Reilly and 
Hannon 1989). Density of shrubs/saplings 
(number/ha) that were greater than 1.0 m in 
height and <10.0 cm DBH were included because 
many birds nested and foraged in shrubs and 
saplings (Godfrey 1986; Campbell et al. 1990; 
Semenchuk 1992) 

A separate CCA was conducted for mammals. 
Only three of the forest community attributes that 
were associated with trees (i.e., canopy height, 
conifer density, and density of snags with DBH 
>20 cm) were included because mammals use 
arboreal habitats less than birds. Some mammals, 
however, nested within or foraged on large trees, 
snags, and DWM (Corn et al. 1988; Pattie and 
Hoffman 1990). For mammals, volume of DWM 
was categorized as hard or soft (rot class 3 and 
>3, respectively; Chapter 4) because nonvascular 
plant resources associated with DWM differed 
between those rot classes (Chapter 6). Only 
DWM with diameter 11 cm was included when 
calculating those two volumes because mammals 
were not expected to use DWM with a diameter 
>11 cm. Grass and herb cover were included 
because they were used as forage and cover by 
mammals (Nagorsen and Peterson 1981; Yahner 

1986). Densities of shrubs/saplings were included 
because they were used as forage and cover for 
mammals, especially ungulates (Philips et al. 
1973; McNichol and Gilbert 1980). 

All vertebrates, except bats, were surveyed at all 
72 sites; bats were surveyed at only 64 sites 
(Chapter 10). Indices of abundance were not 
comparable among species (see Appendix III for 
scientific names) because seven different survey 
methods were used (point counts for birds, 
echolocation counts for bats, live-traps on the 
ground for red squirrels, live-traps in trees for 
northern flying squirrels, snap-traps on the 
ground for mice and voles, pitfall-traps for 
shrews and amphibians, and scat surveys for 
hares, bears, and ungulates, Chapters 7–11). 
Consequently, we standardized abundance at 
each of the sites (i.e., [10+{(abundance of i

th
 

species–mean abundance of i
th

 species]/S.D. of 
abundance of i

th
 species }) so that each species 

had a mean abundance of 10.0 and a standard 
deviation in abundance of 1.0. That 
standardization gave each species equal weight in 
the analyses. Our measure for relative abundance 
for white-tailed deer was confounded by the 
presence of a few mule deer; relative abundance 
of deer was determined from scat surveys and the 
scat from the two deer species are similar 
(Halfpenny and Biesiot 1986). Although mule 
deer were observed once incidentally within the 
study area, we have called all deer scat white-
tailed deer because all of the 292 deer counted 
during winter aerial surveys were white-tailed 
deer. Our measure of abundance for little brown 
bat was confounded by the presence of a few 
northern long-eared bat and possibly a few long-
legged bat (Chapter 10) because relative 
abundance was determined from echolocation 
calls, and echolocation calls of all Myotis species 
are similar (Fenton and Bell 1981, Thomas et al. 
1987). We have called all Myotis calls little 
brown bat because 43 of 44 Myotis species 
caught during sampling were little brown bat 
(Chapter 10). Bat species were included in the 
analyses involving mammals to increase the 
number of species in the mammal community. 
Because bats were not sampled at eight sites, it 
was only possible to include mammal species and 
plant community attribute information from 64 
sites (Chapter 10) in those analyses. 
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We compared results from the bird community 
analyses with those from the mammal community 
analyses to evaluate whether patterns of 
covariation between wildlife communities and 
forest community attributes were similar for 
those two vertebrate classes. In addition, to 
evaluate whether patterns of covariation between 
vertebrate species and forest community 
attributes were similar for bird, mammal, and 
amphibian communities, a third CCA was 
calculated including all birds, mammals, and 
amphibians, and all plant community attributes 
that had been included in the preceding analyses. 
Bats were not included in this final analyses 
because there was an adequate number of other 
vertebrate species (N=56) and we wished to 
include information from all 72 sites. Differences 
among vertebrate classes were compared using 
analyses of variance (ANOVA) and Student-
Newman-Keuls range tests. 

To evaluate whether ―species groups‖ had similar 
patterns of covariation among sites, we 
categorized species based on information from 
published studies (Table 12.1). When possible, 
we used studies that had been conducted in the 
boreal forests north of the Canadian prairies, but 
when information was not present from that 
region we relied on studies from other geographic 
areas. Species were categorized based on: (1) 
whether we found them to be most abundant in 
young, mature, or old stands, (2) whether they 
were most abundant in conifer mixedwood 
stands, deciduous mixedwood stands, or of 
similar abundance in conifer and deciduous 
mixedwood stands during the breeding season 
(Francis and Lumbis 1979; Pattie and Hoffmann 
1992; Hobson 1994, although information from 
Banfield 1981; and Semenchuk 1992 were used 
for species that were rarely detected in the first 
three studies), (3) their expected nest/resting 
location (Banfield 1981; Godfrey 1986; Campbell 
et al. 1990; Pattie and Hoffmann 1992; 
Semenchuk 1992), and (4) their expected 
foraging location (Banfield 1981; Godfrey 1986; 
Campbell et al. 1990; Pattie and Hoffmann 1992; 
Semenchuk 1992). Differences in species scores 
on the CCA functions were compared among 
categories using ANOVA and Student-Newman-
Keuls range tests. 

Relationships were considered statistically 
significant if the probability of them occurring by 
chance was less than 0.05. In addition, we have 
followed suggestions by Cohen (1988) and called 
correlations >0.30 but 0.50 moderate and 
correlations >0.50 high. Species were not 
included in any analyses unless they were 
detected more than five times because 
observations in non-typical habitats may have 
influenced results for species that were detected 
few times. CCA results have been presented as 
biplots (ter Braak 1986). Significance levels for 
CCA functions were based on a bootstrap Monte 
Carlo test with 1000 iterations (ter Braak 1992). 
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TABLE 12.1. Stand age in which vertebrate species were most abundant, preferred breeding habitats, nest/resting 
locations, and foraging locations of vertebrate species that were detected more than five times during surveys (see 
Methods) in aspen mixedwood forests in Alberta.  

 Stand Forest Nest/Rest Forage 
Species Age

a
 Type

b
 Location

c
 Location

d
 

Amphibians     
Ranidae     

wood frog Mature Both Ground Ground 
Hylidae     

boreal chorus frog Mature Deciduous Ground Ground 
Birds     

Phasianidae     
ruffed grouse Young Deciduous Ground Ground/Shrub 

Picidae     
yellow-bellied sapsucker  Old Deciduous Tree Cavity Dead Tree 
downy woodpecker Old Deciduous Tree Cavity Dead Tree 
hairy woodpecker Old Deciduous Tree Cavity Dead Tree 
northern flicker Young Both Tree Cavity Ground/Shrub 
pileated woodpecker Old Both Tree Cavity Dead Tree 

Tyrannidae     
least flycatcher Old Deciduous Shrub Shrub/Canopy 

Hirundinidae     
tree swallow Young Deciduous Tree Cavity Canopy 

Corvidae     
gray jay Mature Conifer Shrub Shrub/Canopy 
blue jay Young Deciduous Shrub Shrub/Canopy 

Paridae     
black-capped chickadee Old Both Shrub Shrub/Canopy 

Sittidae     
red-breasted nuthatch Old Conifer Tree Cavity Shrub/Canopy 

Certhiidae     
brown creeper Old Conifer Tree Cavity Shrub/Canopy 

Troglodytidae     
winter wren Old Conifer Shrub Ground/Shrub 

Muscicapidae     
Swainson's thrush Old Conifer Ground Ground/Shrub 
hermit thrush Young Both Ground Ground/Shrub 

Bombycillidae     
cedar waxwing Young Deciduous Shrub Shrub/Canopy 

Vireonidae     
solitary vireo Old Conifer Shrub Shrub/Canopy 
Philadelphia vireo Old Deciduous Canopy Canopy 
red-eyed vireo Mature Deciduous Shrub Shrub/Canopy 

Emberizidae     
Tennessee warbler Young Both Ground Ground/Shrub 
yellow warbler Old Deciduous Shrub Shrub/Canopy 
Magnolia warbler  Old Conifer Shrub Shrub/Canopy 
yellow-rumped warbler Old Conifer Shrub Shrub/Canopy 
black-throated green warbler Old Conifer Canopy Canopy 
black-and-white warbler Young Deciduous Ground Shrub/Canopy 
American redstart Old Deciduous Shrub Shrub/Canopy 
ovenbird Mature Deciduous Ground Ground/Shrub 
Connecticut warbler Young Deciduous Ground Ground/Shrub 
mourning warbler Old Deciduous Ground Ground/Shrub 
Canada warbler Old Deciduous Ground Ground/Shrub 
western tanager Old Conifer Canopy Shrub/Canopy 
rose-breasted grosbeak Young Deciduous Shrub Shrub/Canopy 
chipping sparrow Old Conifer Shrub Shrub/Canopy 
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TABLE 12.1 (continued). Stand age in which species were most abundant, preferred breeding habitats, nest/resting 
locations, and foraging locations of vertebrate species that were detected more than five times during surveys (see 
Methods) in aspen mixedwood forests in Alberta. 

 Stand Forest Nest/Rest Forage 
Species Age

a
 Type

b
 Location

c
 Location

d
 

Lincoln's sparrow Old Deciduous Ground Ground/Shrub 
white-throated sparrow Old Deciduous Ground Ground/Shrub 
dark-eyed junco Old Conifer Ground Ground/Shrub 
brown-headed cowbird Old Both Shrub

e
 Ground/Shrub 

Fringillidae     
white-winged crossbill Old Conifer Canopy Canopy 
pine siskin Old Conifer Canopy Canopy 

Mammals     
Soricidae     

masked shrew Old Both Ground Ground 
arctic shrew Young Deciduous Ground Ground 
dusky shrew Old Both Ground Ground 
pygmy shrew Young Both Ground Ground 

Vespertilionidae     
little brown bat Old Both Tree Cavity Canopy 
big brown bat Old Both Tree Cavity Canopy 
silver-haired bat Old Both Tree Cavity Canopy 

Ursidae     
black bear Mature Both Ground Ground 

Sciuridae     
red squirrel Old Conifer Tree Cavity Canopy 
northern flying squirrel Old Conifer Tree Cavity Ground 

Muridae     
deer mouse Mature Both Ground Ground/Shrub 
southern red-backed vole Old Conifer Ground Ground 
meadow vole Old Both Ground Ground 

Zapodidae     
meadow jumping mouse Mature Both Ground Ground/Shrub 

Leporidae     
snowshoe hare Young Both Ground Ground/Shrub 

Cervidae     
white-tailed deer Young Deciduous Ground Ground/Shrub 
moose Young Deciduous Ground Ground/Shrub 

a stand age in which the species was detected most often 
b
 Deciduous = greater abundance in deciduous than conifer mixedwood forests, Both = similar abundance in 

deciduous and conifer mixedwood forests, Conifer = greater abundance in conifer than deciduous mixedwood 
forests; from Francis and Lumbis (1979); Banfield (1981); Semenchuk (1992); Pattie and Hoffmann (1992); 
Hobson (1994) 

c
 Ground = on the ground, Shrub = in shrubs (species that nest predominately below 4 m in trees and shrubs), 

Canopy = in canopy (above 4 m), Tree Cavity = in tree cavities; from Banfield (1981); Godfrey (1986); 
Campbell et al. (1990); Pattie and Hoffmann (1992); Semenchuk (1992) 

d
 predominate foraging location during the breeding season; Ground/Shrub = on the ground or in shrubs (below 4 

m), Shrub/Canopy = in shrubs or canopy, Canopy = above 8 m, Dead Tree = from the bark, or within wood of 
decaying trees/snags; from Banfield (1981); Godfrey (1986); Campbell et al. (1990); Pattie and Hoffmann 
(1992); Semenchuk (1992) 

e
 parasitizes nests of other shrub nesting birds 
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Results 

The major covariation among bird species 
abundances and forest community attributes (i.e., 
the first function from the CCA involving birds) 
was significant (F=8.3, P<0.001) and accounted 
for 12% of the variation in the species 
abundances and 36% of the covariation between 
bird species abundances and forest community 
attributes. This function was labeled 
―successional stage‖ because it was highly or 
moderately and positively correlated with canopy 
height, density of live trees with DBH >20 cm, 
density of snags with DBH >20 cm, and volume 
of DWM with diameter >20 cm, and highly and 
negatively correlated with density of aspen trees 
(Table 12.2). This function was highly and 
positively correlated with the multivariate 
function describing changes in forest community 
attributes that occurred during succession (i.e., 
the successional stage function from Table 7.5). 
The second CCA function also was significant 
(F=4.1, P<0.02) and accounted for 6% of the 
variation in the bird species abundances and 18% 
of the covariation between bird species 
abundances and forest community attributes. This 
function was highly and positively correlated 
with conifer density and moderately and 
negatively correlated with density of 
shrubs/saplings (Table 12.2). The third CCA 
function was significant (F=3.8, P<0.02) and 
accounted for 5% of the variation in bird species 
abundances and 13% of the covariation between 
bird species abundances and forest community 
attributes. This function was labeled ―canopy 
heterogeneity‖ because it was moderately and 
positively correlated with density of trees with 
DBH >20 cm, grass cover, and density of 
shrubs/saplings and moderately and negatively 
correlated with herb cover (Table 12.2). This 
third CCA function was highly and positively 
correlated with the multivariate function 
describing changes in forest community attributes 
that occurred when canopy heterogeneity varied 
(i.e., the canopy heterogeneity function from 
Table 7.5). Fourth and higher functions from the 
CCA involving bird species were not significant 
(P>0.20). 

Scores differed among categories of birds that 
were most abundant in young, mature, and old 
stands on the first and third, but not the second, 

CCA functions (Table 12.3). Birds that were 
most abundant in young, mature, and old stands 
occurred at low, moderate, and high scores 
respectively on the first CCA function, and birds 
that were most abundant in mature stands 
occurred at lower scores on the third CCA 
function than did birds most abundant in young 
and old stands (Figure 12.1). Scores from the first 
and second, but not the third, function of the 
CCA involving birds differed among bird species 
that were most abundant in deciduous and conifer 
stands (Table 12.3) with deciduous forest bird 
species occurring at lower values than conifer 
forest bird species on both functions (Figure 
12.2). Bird species that had similar abundances in 
both deciduous and conifer forests had moderate 
scores on the first and second functions (Figure 
12.2) and did not differ from either deciduous or 
conifer bird species. For all three functions from 
the CCA involving birds, scores did not differ 
among categories of nesting locations, or among 
categories of foraging locations (Table 12.3). 
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TABLE 12.2. Inter-set correlation between the forest community attributes and the functions from the canonical 
correspondence analyses (CCA) involving bird species. Data for bird species and forest community attributes were 
collected within aspen mixedwood forests in Alberta. CCA functions have been presented only if their significance 
level was <0.05. Correlations between CCA functions and the stand age canonical discriminant functions 
(successional stage and canopy heterogeneity) are presented at the bottom of the table. Correlations that are 0.30 
(i.e., defined as moderate or greater, Cohen 1988) are presented in bold face type.  

Forest Community Attribute CCA Function 1 CCA Function 2 CCA Function 3 

Canopy Height 0.92 –0.04 –0.09 

Aspen Density
 a

 –0.90 –0.13 0.05 

Conifer Density
 a

 0.29 0.57 0.27 

Other Density
 a

 0.20 –0.08 0.12 

Trees (>20 cm) Density 0.71 –0.12 0.30 

Total Snag Density 0.13 –0.05 –0.16 

Snags (>20 cm) Density 0.42 –0.15 0.28 

DWM (<20 cm) Volume 0.19 –0.06 0.15 

DWM (>20 cm) Volume 0.57 0.02 –0.04 

Grass Cover (%) 0.06 0.07 0.44 

Herb Cover (%) 0.01 –0.12 –0.41 

Shrub/Sapling Density –0.11 –0.36 0.38 

    

Correlation With    

Successional Stage
 b

 0.89 0.13 –0.01 

Canopy Heterogeneity
 c

 0.08 –0.21 0.65 

a
 includes only trees >5 m 

b
 successional stage determined from the canonical discriminant analyses of stand age (Table 7.4) 

c
 canopy heterogeneity determined from the canonical discriminant analyses of stand age (Table 7.4) 

 

 

TABLE 12.3. Tests for differences in CCA scores (F and P from ANOVA) among groups of vertebrates categorized 
by stand age, forest type, nesting/resting location, and foraging location. CCA were evaluated separately for birds and 
mammals and then for all vertebrates. Vertebrate species and vegetation data were collected within aspen mixedwood 
forests in Alberta. Sample size was 40 for comparisons involving birds, 16 for comparisons involving mammals, and 
55 for comparisons involving all vertebrates. Relationships that are significant are presented in bold face type.  

 Stand  Forest Nesting/Resting Foraging 

 Age Type Location Location 

 F P F P F P F P 

CCA For Birds         

CCA Function 1 44.5 <0.001 4.2 0.02 1.9 0.14 0.9 0.47 

CCA Function 2 0.7 0.49 8.8 <0.001 0.9 0.45 0.9 0.47 

CCA Function 3 13.8 <0.001 0.6 0.54 1.6 0.20 0.8 0.52 

CCA For Mammals         

CCA Function 1 15.7 <0.001 1.1 0.35 0.1 0.71 0.9 0.47 

CCA Function 2 20.2 <0.001 3.9 <0.05 1.6 0.22 2.7 0.09 

CCA For All Vertebrates         

CCA Function 1 55.5 <0.001 4.5 0.02 2.5 0.07 1.0 0.40 

CCA Function 2 41.4 <0.001 0.7 0.52 1.3 0.27 0.4 0.78 

CCA Function 3 1.0 0.37 8.8 <0.001 0.9 0.42 1.0 0.41 
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FIGURE 12.1. Biplot, depicting differential use of aspen mixedwood forest in Alberta for bird species. Species were 
categorized based on whether they were most abundant in young, mature, and old stands. Species codes are 
presented in Appendix III.  

 
FIGURE 12.2. Biplot, depicting differential use of aspen mixedwood forests in Alberta for bird species. Species were 
categorized based on whether they were most abundant in deciduous, deciduous/conifer, and conifer stands. Species 
codes are presented in Appendix III. 
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The major covariation among mammal species 
abundances and forest community attributes (i.e., 
the first function from the CCA involving 
mammals) was significant (F=4.3, P<0.001) and 
accounted for 6% of the variation in mammal 
species abundances and 33% of the covariation 
between mammal species abundances and forest 
community attributes. This function was labeled 
―canopy heterogeneity‖ because it was 
moderately and positively correlated with density 
of shrubs/saplings and moderately and negatively 
correlated with herb cover (Table 12.4). 
Surprisingly, however, canopy height was 
moderately and negatively correlated with this 
function (Table 12.4). The first CCA function 
from the analyses involving mammals also was 
highly and positively correlated with the 
multivariate canopy heterogeneity function from 

Table 7.5. The second CCA function involving 
mammals also was significant (F=3.6, P<0.02) 
and accounted for 6% of the variation in mammal 
species abundances and 28% of the covariation 
between mammal species abundances and forest 
community attributes. This function was labeled 
―successional stage‖ because it was highly or 
moderately and positively correlated with canopy 
height and density of snags with DBH >20 cm 
(Table 12.4). This function was highly and 
positively correlated with the multivariate 
successional stage function from Table 7.5. 
Surprisingly, the second function from the 
analyses involving mammals was moderately and 
positively correlated with conifer density (Table 
12.3). Third and higher functions from the CCA 
involving mammals were not significant 
(P>0.75). 

 

 

 

TABLE 12.4. Inter-set correlation between the forest community attributes and the functions from the canonical 
correspondence analyses (CCA) involving mammal species. Data for mammal species and forest community attributes 
were collected within aspen mixedwood forests in Alberta. CCA functions have been presented only if their 
significance level was <0.05. Correlations between CCA functions and the stand age canonical discriminant functions 
(successional stage and canopy heterogeneity) are presented at the bottom of the table. Correlations that are 0.30 
(i.e., defined as moderate or greater, Cohen 1988) are presented in bold face type.  

Forest Community Attribute CCA Function 1 CCA Function 2 

Canopy Height –0.34 0.59 

Conifer Density
 a

 0.18 0.35 

Snags (>20 cm) Density 0.28 0.54 

Hard DWM (>11 cm) Volume –0.11 0.20 

Soft DWM (>11 cm) Volume 0.27 0.11 

Grass Cover (%) 0.25 0.22 

Herb Cover (%) –0.50 –0.08 

Shrub/Sapling Density 0.44 0.05 

   

Correlation With   

Successional Stage
 b

 –0.28 0.63 

Canopy Heterogeneity
 c

 0.57 0.26 

a
 includes only trees >5 m 

b
 successional stage determined from the canonical discriminant analyses of stand age (Table 7.4) 

c
 canopy heterogeneity determined from the canonical discriminant analyses of stand age (Table 7.4) 

 

 

 

Scores differed among categories of mammal 
species that were most abundant in young, 

mature, and old stands on both the first and 
second CCA functions (Table 12.3). Mammals 
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most abundant in young, mature, and old stands 
occurred at low, moderate, and high scores, 
respectively, on the second CCA function, and 
mammals most abundant in mature stands 
occurred at relatively lower scores on the first 
CCA function than did scores for mammals most 
abundant in young and old stands (Figure 12.3; 
note that the first and second CCA functions have 
been plotted on the y and x axes, respectively so 
that results from birds and mammals can be 
compared easily). Scores from the second, but not 
the first, CCA function differed among mammal 
species that were most abundant in deciduous and 
conifer forests (Table 12.3) with deciduous forest 
mammal species occurring at lower values on the 
second CCA function than conifer forest mammal 
species (Figure 12.4; note that the first and 
second CCA functions have been plotted on the y 

and x axes, respectively so that results from birds 
and mammals can be compared easily). Mammal 
species that had similar abundances in deciduous 
and conifer and did not differ from either 
deciduous or conifer forest mammal species 
(Figure 12.4). Mammal scores did not differ 
among categories of resting locations or among 
categories of foraging locations on either of the 
CCA functions (Table 12.3). 

The first CCA function from the bird analyses 
was highly correlated with the second CCA 
function from the mammal analyses, and the third 
CCA function from the bird analyses was highly 
correlated with the first CCA function from the 
mammal analyses (Table 12.5). The second CCA 
function from the bird analyses was not 
correlated with either of the CCA functions from 
the mammal analyses (Table 12.5). 

 
 

FIGURE 12.3. Biplot, depicting differential use of aspen mixedwood forest in Alberta for mammal species. Species 
were categorized based on whether they were most abundant in young, mature, and old stands. Species codes are 
presented in Appendix III 
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FIGURE 12.4. Biplot, depicting differential use of aspen mixedwood forests in Alberta for mammal species. Species 
were categorized based on whether they were most abundant in deciduous, deciduous/conifer, and conifer stands. 
Species codes are presented in Appendix III. 

 

 
TABLE 12.5. Pearsons' correlations (r and associated significance level) between functions from the CCA involving 
birds and the functions from the CCA involving mammals. Data for vertebrate species and forest community attributes 
were collected within aspen mixedwood forests in Alberta. Sample size was 64 for all comparisons. Relationships that 
are significant are presented in bold face type.  

 CCA Involving Birds 
 CCA Function 1 CCA Function 2 CCA Function 3 
CCA Involving Mammals r P r P r P 

CCA Function 1 -0.20 0.11 0.09 0.50 0.47 <0.001 

CCA Function 2 0.62 <0.001 0.19 0.14 0.07 0.58 

 

When all vertebrate species were included in a 
CCA, the major covariation among vertebrate 
species abundances and forest community 
attributes (i.e., the first function from the CCA) 
was significant (F=6.4, P<0.001) and accounted 
for 10% of the variation in the vertebrate species 
abundances and 29% of the covariation between 
vertebrate species abundances and forest 
community attributes. This function was labeled 

―successional stage‖ because it was highly or 
moderately and positively correlated with canopy 
height, density of live trees with DBH >20 cm, 
density of snags with DBH >20 cm, volume of 
DWM with diameter >20 cm, and volume of hard 
DWM with diameter >11 cm and highly or 
moderately and negatively correlated with density 
of aspen trees and volume of DWM with 
diameter <20 cm (Table 12.6). This function was 
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highly and positively correlated with the 
successional stage function from the canonical 
discriminant analyses in Chapter 7 (Table 12.6). 
The second CCA function involving all 
vertebrates also was significant (F=3.9, P<0.001) 
and accounted for 5% of the variation in 
vertebrate species abundances and 15% of the 
covariation between vertebrate species 
abundances and forest community attributes. This 
function was labeled ―canopy heterogeneity‖ 
because it was moderately and positively 
correlated with conifer density, density of snags 
with DBH >20 cm, volume of soft DWM with 
diameter >11 cm, grass cover, and density of 
shrubs/saplings, and moderately and negatively 
correlated with herb cover (Table 12.6). This 

function was highly and positively correlated 
with the canopy heterogeneity function from the 
canonical discriminant analyses in Chapter 7 
(Table 12.6). The third CCA function involving 
all vertebrates also was significant (F=3.4, 
P=0.02) and accounted for 5% of the variation in 
vertebrate species abundances and 13% of the 
covariation between vertebrate species 
abundances and forest community attributes. This 
function was highly and positively correlated 
with conifer density and moderately and 
negatively correlated with volume of soft DWM 
with diameter >11 cm and density of 
shrubs/saplings (Table 12.6). Fourth and higher 
functions from the CCA involving all vertebrates 
were not significant (P>0.20). 

 

 

 

TABLE 12.6. Inter-set correlation between the forest community attributes and the functions from the canonical 
correspondence analyses (CCA) involving all vertebrate species. Data for vertebrate species and forest community 
attributes were collected within aspen mixedwood forests in Alberta. CCA functions have been presented only if their 
significance level was <0.05. Correlations between CCA functions and the stand age canonical discriminant functions 
(successional stage and canopy heterogeneity) are presented at the bottom of the table. Correlations that are 0.30 
(i.e., defined as moderate or greater, Cohen 1988) are presented in bold face type.  

Forest Community Attribute CCA Function 1 CCA Function 2 CCA Function 3 

Canopy Height 0.93 0.10 –0.02 

Aspen Density
 a

 –0.91 0.07 –0.15 

Conifer Density
 a

 0.28 0.30 0.58 

Other Density
 a

 0.20 0.22 –0.09 

Trees (>20 cm) Density 0.70 0.20 –0.09 

Total Snag Density 0.16 –0.12 –0.06 

Snags (>20 cm) Density 0.45 0.36 0.11 

DWM (<20 cm) Volume –0.68 0.04 –0.16 

Hard DWM (>11 cm) Volume 0.37 –0.04 0.14 

Soft DWM (>11 cm) Volume 0.05 0.32 –0.31 

DWM (>20 cm) Volume 0.53 –0.09 0.02 

Grass Cover (%) 0.08 0.49 0.09 

Herb Cover (%) 0.01 –0.43 –0.10 

Shrub/Sapling Density –0.10 0.44 –0.35 
    
Correlation With    

Successional Stage
 b

 0.90 –0.05 0.16 

Canopy Heterogeneity
 c

 0.09 0.75 –0.20 

a
 includes only trees >5 m 

b
 successional stage determined from the canonical discriminant analyses of stand age (Table 7.4) 

c
 canopy heterogeneity determined from the canonical discriminant analyses of stand age (Table 7.4) 
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In the all vertebrate CCA, scores did not differ 
among the three vertebrate classes (birds, 
mammals, amphibians) on any of the three 
functions (Figure 12.5; CCA function 1 F=0.3, 
P=0.72, df=2, 53; CCA function 2 F=2.5, P=0.09, 
df=2, 53; CCA function 3 F=0.1, P=0.87, df=2, 
53). Scores from the first and second CCA 
functions involving all vertebrates differed 
among categories of vertebrates most abundant in 
young, mature, and old stands (Table 12.3). 
Vertebrates most abundant in young, mature, and 
old stands occurred at low, moderate, and high 
scores, respectively, on the first CCA function 
and vertebrates most abundant in mature stands 
occurred at lower scores on the second CCA 
function than vertebrates most abundant in young 
or old stands (Figure 12.5). Scores from the first 
and third, but not the second, CCA function 

differed among vertebrates that were most 
abundant in deciduous and conifer forests (Table 
12.3) with deciduous forest vertebrates occurring 
at lower values than conifer forest vertebrates on 
both functions (Figure 12.6). Vertebrate species 
that had similar abundances in both deciduous 
and conifer forests had moderate scores on the 
first and third CCA functions and did not differ 
from conifer forest vertebrates (Figure 12.6). For 
all three functions from the CCA involving all 
vertebrates, scores did not differ among 
categories of nesting/resting locations or among 
categories of foraging locations (Table 12.3). 

 

 

 
 

 
 

FIGURE 12.5. Biplot, depicting differential use of aspen mixedwood forest in Alberta for all vertebrate species. 
Species were categorized based on whether they were most abundant in young, mature, and old stands.  
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FIGURE 12.6. Biplot, depicting differential use of aspen mixedwood forests in Alberta for vertebrates. Vertebrates 
were categorized based on whether they were most abundant in deciduous, deciduous/conifer, and conifer stands. 

 

The first CCA function from the analyses 
involving all vertebrates was highly and 
positively correlated with the first CCA function 
from the analyses involving birds and the second 
CCA function from the analyses involving 
mammals (Table 12.7). The second CCA function 
from the analyses involving all vertebrates was 
highly and positively correlated with the third 

CCA function from the analyses involving birds 
and the first CCA function from the analyses 
involving mammals (Table 12.7). The third CCA 
function from the analyses involving all 
vertebrates was highly and positively correlated 
with the second CCA function from the analyses 
involving birds (Table 12.7). 

TABLE 12.7. Pearsons' correlations (r and associated significance level) between functions from the CCAs involving 
birds, mammals, and all vertebrates. Data for vertebrate species and forest community attributes were collected within 
aspen mixedwood forests in Alberta. Sample size was 72 for comparisons involving birds and 64 for comparisons 
involving mammals. Relationships that are significant are presented in bold face type.  

 CCA Involving All Vertebrates 
 CCA Function 1 CCA Function 2 CCA Function 3 
   r     P     r P     r P 
CCA Involving Birds       

CCA Function 1 0.99 <0.001 0.02 0.89 0.03 0.778 
CCA Function 2 –0.02 0.88 0.01 0.96 0.99 <0.001 
CCA Function 3 0.01 0.90 0.89 <0.001 –0.03 0.82 

CCA Involving Mammals       
CCA Function 1 –0.19 0.34 0.73 <0.001 0.10 0.44 
CCA Function 2 0.71 <0.001 0.26 0.04 0.23 0.07 
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Discussion 

Canonical correspondence analyses highlight 
patterns of covariation among species and 
environmental variables. In these analyses, 
covariation among species that is not related to 
variation in environmental variables, or species-
specific variation, is unexplained variation due to 
random events (ter Braak and Prentice 1988). In 
all of our analyses, less than 25% of the variation 
in species abundances was accounted for by 
covariation among species and forest community 
attributes. Little of the unexplained variance was 
due to evaluating inappropriate vegetation and 
environmental variables because correspondence 
analyses also explained less than 25% of the 
variation in species abundances (unpublished 
data, Schieck). Some of the unexplained variation 
was species-specific, because analyses at the 
species level (Chapters 7–11) highlighted 
associations with a wider variety of forest 
community attributes than we found here. 
Therefore community analyses show only part of 
the species-environment relationships. However, 
even at the species level, variation in forest 
community attributes usually accounted for less 
than 50% of the variation in species abundances 
(squared canonical correlations from Tables 8.5, 
9.7, 9.9, 9.10, 9.11). Thus, usually more than 
50% of the variation in species abundances either 
was due to variation in factors that we did not 
measure (e.g., inter- and intra-specific social 
interactions, predation) or was due to random 
events. 

The main pattern of covariation between bird 
communities and forest community attributes 
involved bird species and attributes that varied 
monotonically with stand age. Thus, the main 
patterns of change in bird communities in aspen 
mixedwood stands are related to successional 
changes in the stands. Old aspen mixedwood 
stands may be of great importance to bird 
communities because two-thirds of the bird 
species were most abundant in old stands and 
bird species richness was highest in old stands 
(Chapter 7). To a lesser degree, bird communities 
varied in relation to conifer density, and in 
relation to variation in forest community 
attributes associated with canopy heterogeneity. 

Canopy heterogeneity was bimodally related to 
stand age (Chapter 7), and thus the pattern of 
covariation between bird communities and 
canopy heterogeneity may account for the 
bimodal relationships between abundance and 
stand age that were found for approximately 25% 
of the bird species (Chapter 7). 

Previous studies in aspen mixedwood stands also 
have documented bird communities changing 
throughout succession. Flack (1976) and Francis 
and Lumbis (1979) found that canopy and cavity 
nesting bird species were more abundant in old 
than in younger stands, and suggested that those 
differences occurred because resources that 
canopy and cavity nesting bird species required 
were most abundant in old stands. We also found 
that most canopy and cavity nesting bird species 
had their highest abundances in old stands (i.e., 
most species had high scores on the ―successional 
stage‖ function, see also Chapter 7). Contrary to 
previous studies, however, we found that 
abundances of birds that nest and forage on the 
ground or in shrubs also was highest in old stands 
(see also Chapter 7). Thus, old stands may 
contain the most diverse and abundant bird 
communities for all nesting and foraging 
categories of birds. The ground and shrub bird 
species may have their highest abundances in old 
stands because heterogeneous canopies in old 
stands resulted in spatial heterogeneity in the 
shrub and herb layers (Huenneke 1983). 

In both this study and in Hobson‘s (1994), bird 
communities varied in relation to conifer density 
(see also Chapter 7). Conifer trees retain their 
leaves throughout the year, support different flora 
and arthropods than deciduous trees (Conner et 
al. 1975; Raphael and White 1984), and alter the 
soil properties, light quality, and hence the 
understory vegetation, beneath the trees (Peterson 
and Peterson 1992). Thus, it should not have been 
surprising that bird species specializing on 
resources found in conifer stands were more 
abundant in stands with high conifer densities. 
The successional processes within aspen 
mixedwood stands are such that conifer trees 
often become established shortly after a 
disturbance event, but these conifers do not 
become dominant until stands are past rotation 
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age (Thorpe 1992). Thus, it was not surprising 
that the conifer forest bird species reached their 
highest abundances in old stands, especially old 
stands that had a high conifer density. 

For mammal communities, the strongest pattern 
of covariation involved mammal species and 
forest community attributes associated with 
variation in canopy heterogeneity. The secondary 
pattern of covariation (mammal communities and 
forest community attributes varying linearly 
during succession), however, accounted for 
almost as much of the covariation as the first 
pattern. The cumulative effect of those two 
patterns resulted in mammal species richness 
being highest in old stands, but abundance of half 
of the mammals being bimodally related to stand 
age (Chapter 8). Thus, both young and old 
successional stages of aspen mixedwood stands 
may be important to mammal communities with 
old stands being slightly more important than 
young stands (Chapter 8). 

No previous studies have examined changes in 
mammal communities within natural aspen 
mixedwood stands. Results from mammal studies 
in conifer stands probably are not applicable to 
aspen mixedwood stands because conifer trees 
affect the amount of incident light and the acidity 
of the humus layer. Consequently, both ground 
cover and abundance of soil invertebrates (Hill 
1982) differ between conifer and deciduous 
stands. In managed aspen stands, contrary to that 
found in natural aspen stands, mammal 
abundances were higher in mature than in young 
stands (Probst and Rakstad 1987). Differences 
between mammal abundances in natural and 
managed aspen stands may be due to both the 
canopy and understory heterogeneity being high 
in natural (Chapters 3, 5), and low in managed 
young stands. Only by studying more natural 
aspen mixedwood stands can we evaluate 
whether the patterns we found are general. 

For both mammal and bird communities, the 
CCA function associated with changes in canopy 
heterogeneity accounted for similar amounts of 
variation. The relative importance of successional 
changes, however, differed between the two 
vertebrate classes. For bird communities, changes 
in abundance during succession were twice as 
strong as changes associated with variation in 

canopy heterogeneity. For mammal communities, 
changes during succession were slightly weaker 
than were changes associated with canopy 
heterogeneity. When all vertebrates were used to 
evaluate patterns of covariation between 
vertebrate species and forest community 
attributes, the resulting patterns were 
intermediates between those found for birds and 
those found for mammals. In that analysis, the 
major pattern of covariation involved vertebrate 
species and forest community attributes that 
varied monotonically with successional stage. To 
a lesser degree, vertebrate communities covaried 
with forest community attributes associated with 
canopy heterogeneity. Finally, vertebrate 
communities covaried with conifer density. 
Surprisingly, however, even though the strength 
of patterns of covariation differed between the 
analyses involving birds and the analyses 
involving mammals, those differences were not 
present in the analyses involving all vertebrates. 
Mammals and amphibians, however, had slightly 
lower variance than birds on the first and third 
CCA functions in the all-vertebrate analyses (see 
Figure 12.6), and that may account for the subtle 
differences we observed between the bird and 
mammal analyses. 

Similar patterns of covariance for bird, mammal, 
and amphibian communities were surprising 
because the habitat features used by each class 
differed. All birds in the boreal forests use 
arboreal habitats to some degree, and many birds 
nest and forage exclusively in shrubs and trees 
(Godfrey 1986; Campbell et al. 1990; Semenchuk 
1992). Most mammals, however, nest/rest on the 
ground and forage within 2 m of the forest floor 
(Banfield 1981; Pattie and Hoffmann 1992). The 
few amphibians that live in boreal forests are 
predominantly terrestrial, (Russell and Bauer 
1993), and these species must find standing water 
for reproduction (Russell and Bauer 1993). Thus, 
patterns of variation in bird communities were 
expected to be related to variation in trees and 
shrubs, and patterns of variation in mammal and 
amphibian communities were expected to be 
more closely related to variation in shrubs, herbs, 
grasses, and DWM. Finding similar patterns for 
all three vertebrate classes indicated either that, 
contrary to our expectations, all classes 
responded to the same habitat features, or that, 
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within the aspen mixedwood stands we studied, 
canopy and understory forest structure attributes 
covaried. The second alternative appears to be 
most probable because most of the canopy and 
understory forest community attributes covaried 
(Chapters 3–6). Thus, both arboreal vertebrate 
communities and ground dwelling vertebrate 
communities may have similar patterns of 
covariation even though the attributes they 
require differ. 

To the best of our knowledge, no other study has 
compared patterns of covariation in bird 
communities with those for mammal 
communities in forested ecosystems. Thus, it is 
difficult to evaluate whether the similarities we 
found between communities for these two 
vertebrate classes also occur in other areas. 
However, canopy vegetation and understory 
vegetation have been shown to covary in other 
areas (e.g., the coastal forests of the Pacific 
northwestern USA; Spies 1991; Spies and 
Franklin 1991), and thus similarities also may 
occur elsewhere. 

Because patterns of covariation between 
vertebrate species abundance and forest 
community attributes were generally similar for 
bird and mammal communities, it may be 
sufficient, from a management perspective, to 
study changes in community patterns for only one 
vertebrate class. Less resources would be 
required to survey only one class of vertebrate, 
with the consequence that a greater diversity of 
sites could be surveyed and patterns of 
covariance could be extended to more habitats in 
the landscape. We suggest, however, that our 
results be interpreted cautiously because the 
generality of the patterns we found have not been 
tested in other areas or other habitats. In addition, 
we evaluated patterns for the vertebrate 
communities only; our understanding of other 
communities (e.g., arthropods, soil invertebrates) 
is limited and they may have very different 
patterns of covariation in relation to changes in 
forest community attributes. In addition, if the 
forest ecosystem is altered from that which 
occurs naturally, then patterns of covariation may 
differ (see below). Only by comparing patterns 
among many different taxonomic groups and 
among many different areas will the generality of 
our results be determined. 

Recommendations for Harvest 

Similarities that we found between bird and 
mammal communities may have been due to 
characteristics of the canopy and understory 
forest community attributes covarying (Chapters 
3–6). If habitat manipulations uncouple that 
covariation in forest community attributes, then 
bird and mammal communities also may no 
longer covary and patterns present in natural 
systems may disappear. For example, if 
harvesting practices result in all large live trees 
being removed from cutblocks whereas abundant 
snags and DWM remain, then the abundances of 
large live trees, large dead trees, and large DWM 
may no longer covary. Under those conditions, 
species that require standing and down deadwood 
materials may have abundant resources, but 
species requiring large canopies may have few 
resources. Due to the large number of forest 
community attributes that covaried with canopy 
heterogeneity it may not be possible to use 
silviculture methods to maintain appropriate 
levels of canopy heterogeneity and appropriate 
variation in all other attributes. To maintain 
natural patterns of covariation in the forest 
community attributes in managed landscapes it 
may be necessary to leave residual materials as 
clumps, with those clumps being large enough 
that natural processes of death, decay, and 
regeneration occur within them. The minimum 
size of those clumps cannot be determined until 
more research has been conducted on variation of 
flora and fauna in relation to patch size. 

Although, patterns of covariation were similar for 
bird and mammal communities, variation in bird 
communities emphasized successional changes 
more than did variation in mammal communities. 
Thus, if forest harvest practices truncate 
successional pathways in aspen mixedwood 
stands, then variation among bird communities 
may decrease more than variation among 
mammal communities. 

Vertebrate communities in old aspen mixedwood 
stands are more diverse than those in younger 
stands (Chapters 7, 8). Thus, if old aspen stands 
become less common in the landscape, negative 
impacts may occur for all vertebrates, especially 
birds. Both bird communities and mammal 
communities have similar amounts of covariation 



 

 265 

with variation in canopy heterogeneity. Thus, it 
may be beneficial to maintain a heterogeneous 
canopy, and the associated heterogeneity in the 
understory, within parts of the harvested 
landscape. 

Bird communities, and to a lesser extent mammal 
or amphibian communities, varied in relation to 
abundance of conifer trees. This variation was 
due to small changes in the abundance of conifer 
trees because, on average, conifers accounted for 
less than 10% of the trees within old stands 
(Schieck, unpublished data). However, given the 
large amount of natural covariation between 
conifer abundance and bird communities, it may 
be prudent to create some mixedwood stands in 
the landscape following harvest. Present 
harvesting and silvilcultural operations promote 
the regeneration of pure aspen stands throughout 
most of the harvested areas with pure conifer 
stands being promoted in small scattered patches 
(Anonymous 1986). It may be possible, however, 
to alter harvesting operations so that (1) much of 
the conifer understory is retained in harvested 
areas and (2) conifer seedlings are planted in 
aspen stands. Either of these changes may result 
in mixedwood stands becoming more common in 
the post-harvesting landscapes (Navratil et al. 
1994). 
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13. GENERAL SUMMARY 

J. Brad Stelfox, Philip C. Lee, Jim Schieck, Laurence D. Roy, Susan Crites,                            Lisa 
H. Crampton, and Lisa McDonald 

This chapter is a synopsis of our research on 
development and biodiversity of aspen 
mixedwood forests. Detailed summaries of 
specific subject areas are found at the end of each 
chapter. 

We examined relationships between forest 
structure and biodiversity in young (20–30 years), 
mature (50–65 years), and old (120+ years) aspen 
mixedwood stands. The justification for this 
project stemmed from the rapid expansion of 
clearcut logging of 60–70 year rotations in the 
boreal mixedwood forests of Alberta, and the 
concern that this land-use, and others, may alter 
the stand age, stand structure, and biota of the 
aspen mixedwood forest. Plant and wildlife 
variables were measured at each of 72 research 
sites to examine relationships among stand age, 
stand structure, and diversity and abundance of 
plant and animal species. 

We identified a rich biota in aspen mixedwood 
forests including 47 lichen species, 39 mosses, 7 
liverworts, 24 fungi, 11 pteridiophytes 
(horsetails, club mosses, and ferns), 65 
herbaceous plants, 27 shrubs, 6 trees, 3 
amphibians, 76 birds, and 33 mammals (Chapters 
5–11). The abundances of many species varied 
with forest seral stage (Chapters 3–12), and 
responded to successional changes in plant 
community structures (Chapters 3, 4, 6). Because 
many forest structures covaried with stand age, 
abundance of wildlife and plant species 
responded either to stand age, stand structure, or 
both. 

The importance of year-to-year variance in 
relationships among plant community structure, 
meteorology, and biota was difficult to quantify, 
as only two years of data were collected in this 
study. A similar study conducted over several 
decades might elucidate patterns not revealed in 
this study. Nonetheless, our results emphasize the 
need by forest managers to critically evaluate the 

ecological consequences of forest harvest based 
on ―economic maturity‖ of trees and ―complete 
utilization‖ of cutblocks. In comparison to the 
structural complexity (i.e., residual green trees, 
snags, down woody material) created by natural 
stand-initiating disturbance agents (i.e., fire, 
windthrow, flooding) in aspen mixedwood 
forests, traditional clearcut logging (Plate 34) is 
an intense disturbance that produces a different 
forest type, one whose structure is simple and 
where residual green trees, snags, and coarse 
down woody material are sparse or absent. Loss 
of these forest structures by intensive logging 
approaches may adversely affect plant and animal 
populations, and alter ecological processes. 
Clearly, managers must implement new 
management strategies that better integrate wood 
production with the conservation of biodiversity 
and ecological processes.  

Successional Developments in Aspen 
Mixedwood Stands 

Based on the data presented in this and other 
studies, we can outline the compositional and 
structural changes that occur during development 
of aspen-dominated stands in boreal mixedwood 
forests. Major structural changes to forest stands 
along a successional pathway are illustrated in 
Figure 13.1.  

Young Aspen Mixedwood Stands 
Stand initiation commonly begins after wildfire 
events (Rowe and Scotter 1973; Johnson 1992), 
although stand-initiating disturbances may 
include floods (Wagg 1964) and insect outbreaks 
(Ives and Wong 1988). Death of dominant aspen 
stems alters the hormonal balance and induces 
suckering of the rootstocks, producing stem 
densities as high as 260,000 stems/ha (Steneker 
1974; Bella and De Franceshi 1980; Navratil 
1991). Aspen stem density declines 
exponentially, at first due to self-thinning within 
clones and later among 
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c) Old stand 
 

FIGURE 13.1. Cross-sectional models of young (a), mature (b), and old (c) aspen mixedwood stands. 



 

 272 

clones (Weber 1991; Lavertu et al. 1994). Within 
our study, stem densities in young stands had 
decreased by year 25 to 2900–5600 stems/ha with 
a canopy height of ~9 m (Plate 5). 

Within our young stands, the canopy was 
relatively closed, low in stature, and thin in depth 
(Plate 5). Due to differences in canopy height 
among young, mature, and old stands, small 
openings in young stands permitted the same 
amount of direct light as much larger openings in 
mature and old stands. As a result, a relatively 
high amount of light penetrated to the understory 
in young stands (Chapter 2); however, the light 
was diffused and refracted by the canopy. 
Spectral quality of diffused and refracted light is 
different than that of direct light (Endler 1993), 
but it is unknown whether these qualities affected 
understory composition of young stands. Aside 
from a closed canopy, young stands also had gaps 
that were created by pre-fire veteran trees and 
snags falling to the forest floor. These openings 
produced considerable variability in forest 
canopy openness (Chapter 3). 

Approximately half of the understory plant 
species detected in our study exhibited significant 
changes in abundance with stand age. 
Understories of young stands were dominated by 
abundant vegetation in the mid and upper 
understory strata (1 m to subcanopy height). Our 
study agreed with Willoughby and Downing 
(1994) and Downing and Karpuk (1992) who 
found willow to be the primary shrub emerging 
with aspen after stand initiating fires. Fireweed, a 
species associated with post fire regeneration 
(Bartos et al. 1994), occurred in some young 
stands (20–30 years); however, at this stage, it 
was declining and being replaced by other 
species. 

Deadwood materials in young stands were a 
mixture of residual materials that were created 
prior to or during the stand-initiating wildfires 
and materials generated from self-thinning of the 
post-fire cohort of trees (Plate 11). We detected a 
significant "footprint" of pre-fire materials within 
young stands. Approximately, 54% (19 snags/ha) 
of snags >10 cm DBH and 79% (49 m

3
/ha) of 

coarse DWM (>11 cm in diameter) were pre-fire 
in origin. There was, however, a great deal of 
stand to stand variation associated with these 

values. In general, pre-fire materials were in mid 
decay stages and more decayed than post-fire 
materials (Plate 20). 

The abrupt input of deadwood materials at stand 
initiation produced a "pulse" of coarse DWM. 
Abundance of this material in early and mid 
decay stages in young stands provided a 
homogeneous substrate for nonvascular species 
(lichens, mosses, liverworts, and fungi), resulting 
in relatively high nonvascular species richness 
(N=54) and the highest diversity and evenness 
values for nonvascular species when compared to 
mature and old stands. High diversity and 
evenness were due to fewer rare species being 
found in young stands than in either mature or old 
stands; i.e., the most abundant species in young 
stands were also lower in abundance than the 
most abundant species in old stands.  

Mature Aspen Mixedwood Stands 
At stand maturity (50–65 years), the density of 
stems had decreased to 2100–2700 trees/ha, and 
average tree DBH and height had increased 
(Plates 6, 12). The canopy of mature stands was 
more closed and uniform than that of young or 
old stands (Plate 9). Hence, the understory was 
darker and had lower spatial variability in light. 
These changes produced low stem densities 
among tall understory species in mature stands 
relative to young and old stands (Chapter 3). Six 
low understory species had their highest 
incidence within mature stands whereas none of 
the tall understory species exhibited their highest 
incidence in mature stands (Chapter 5). Overall, 
understory vegetation changes from young to 
mature sites were dominated by an increase in 
wild sarsaparilla (Plate 16) and green alder (Plate 
14), and a decrease in willow (Plate 15). 

The "footprint" of pre-fire materials that 
dominated young stands was less pervasive in 
mature stands (Chapter 4). The proportion of 
snags that were pre-fire in origin decreased to 6% 
(3.8 snags/ha). Self-thinning among the post-fire 
cohort of trees was largely responsible for the 
production of snags found in mature stands. 
These snags were characterized by uniformly 
small diameters and low decay. Unlike snags, 
66% of all coarse DWM (50 m

3
/ha) was still pre-

fire in origin. Presumably, further recruitment of 
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coarse DWM was derived from the fall of pre-fire 
snags. 

The pulse of coarse DWM produced at stand 
initiation had advanced to late decay stages in 
mature stands (Chapters 4, 6), which had lower 
frequencies of coarse DWM than either young or 
old stands, and therefore had less habitat for 
nonvascular species (N=49). Mosses were the 
only nonvascular taxonomic group that had more 
species in mature than in young stands. Species 
diversity, evenness of nonvascular plants, and 
richness of lichens, liverworts, and fungi were 
lowest in mature stands. 

Old Aspen Mixedwood Stands 
As stands entered older seral stages (120+ years), 
senescence and mortality occurred within the 
post-fire cohort of trees, and gaps were created in 
the canopy. This process has been termed 
―canopy break-up‖ and was due to the inability of 
neighbouring trees to fill canopy gaps (Plate 10; 
Fralish 1972). Instead, recruitment into gaps 
occurred from subcanopy layers. Following 
canopy break-up two successional trajectories 
were possible: 1) continued dominance of the 
aspen canopy with emergence of an aspen 
understory and subsequent development of an 
uneven aged aspen profile, or 2) succession to 
conifer dominance with emergence of white 
spruce. Because white spruce are shade tolerant, 
they eventually dominate aspen. However, stable 
aspen climax communities are not uncommon in 
the prairie provinces of Canada (Kabzems et al. 
1986; Fairbarns 1992) or the intermountain 
region of the United States (Mueggler 1988). 
Competition from grasses (Drew 1988; Lieffers 
and Stadt 1994), slope/aspect (Rowe 1955), and 
the lack of nearby seed sources from conifers 
(Walker et al. 1986), have all been implicated in 
maintaining the long term dominance of aspen in 
mixedwood systems. The abundance of aspen in 
the understory was much greater than that of 
white spruce; thus, the canopies of our stands will 
likely remain dominated by aspen for several 
decades.  

Canopy break-up triggers a cascade of other 
changes in forest structure (Plates 7, 13). In our 
study, death of the aspen canopy reduced the 
density of trees to several hundred per hectare. 

However, the overall size and height variation of 
trees was greater in old stands than in young and 
mature stands (Chapter 3). Old stands included 
trees from both the initial cohort and those 
emerging in the understory that were associated 
with canopy break-up. Creation of gaps in the 
canopy increased light to the understory and 
produced an emergence of secondary canopy 
species such as white spruce and paper birch 
(Chapter 3). The increased light levels also 
increased the abundance of mid and upper strata 
shrubs (i.e., green alder) (Chapter 5).  

In general, we observed low plant species 
turnover from young to old stands, suggesting 
that few species were introduced or extirpated 
during stand development between 20 and 120 
years. Most species either increased or decreased 
in abundance with stand age. Changes among 
species were sufficiently patterned to produce six 
vegetation groups within stand ages (Chapter 5).  

Death of the post-fire cohort of trees produced a 
second "pulse" of deadwood materials in old 
stands. Characteristics of deadwood materials in 
old stands largely reflected the pattern of live 
trees. Sizes and decay characteristics among 
snags and coarse DWM had greater variability in 
old than young or mature stands (Chapter 4). 
Given the decrease in density from young to 
mature stands, it was unlikely that any pre-fire 
snags remained in old stands. Similarly, decay 
patterns of coarse DWM in young and mature 
stands suggested that little pre-fire coarse DWM 
existed in old stands. Snags and coarse DWM 
within old stands were largely due to autogenic 
processes of stand development.  

The greater variability of size and decay of snags 
and DWM in old stands led to a greater diversity 
of substrates available for nonvascular plant 
colonization than in either young or mature 
stands. Nonvascular species richness was highest 
in old stands (N=67), but evenness and diversity 
values were intermediate between young and 
mature stands because more nonvascular species 
were present in low abundances than in either 
young or mature stands, and the most abundant 
species in old stands were higher in abundance 
than the most abundant species in young or 
mature stands. Many species were exclusive to 
old stands (N=28) compared to young and mature 
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stands (N=10 and 11, respectively); most of them 
were fungi. 

From a structural perspective, old stands were 
significantly more complex than either young or 
mature stands. This complexity can be attributed 
to aspen trees of different age, the occurrence of 
some large, tall canopy aspen, the emergence of 
birch and spruce, conspicuous gaps in the forest 
canopy, abundant shrubs and understory 
vegetation, and abundant snags and downed 
woody material. 

Similarities Between Young and Old Aspen 
Mixedwood Stands 
Overall there were many similar characteristics 
shared by young and old stands but absent in 
mature stands in our study. U-shaped 
distributions (i.e., high in young and old stands, 
while low in mature stands) were relatively 
common (32%) among forest structures (Chapter 
3). In both young and old stands, the mid (1–3 m) 
and upper (3 m to subcanopy) strata dominated 
the understory. These were likely the product of 
higher light environments in the understory. 
Deadwood variables were also similar between 
young and old stands. Here, similarities were due 
to the presence of pre-fire residual snags and 
coarse DWM in young stands, and the 
accumulation of large snags and coarse DWM in 
old stands.  

Relationship Between Stand Age, Stand 
Structure, and Vertebrates 

Although most vertebrate species were present in 
all three successional stages of aspen mixedwood 
forests, abundances for many species differed 
among stand age (Chapters 7–11). Many of the 
changes in vertebrate communities were 
predicted based on monotonic increases in the 
size of live and dead canopy trees. Approximately 
half of the vertebrate species increased in 
abundance with stand age while one quarter of 
the species decreased in abundance during 
succession. 

Species that required dead trees for nesting 
and/or foraging (e.g., woodpeckers, squirrels, 
bats) usually had their highest abundances in old 
forests (Chapters 7, 8, 10, 11) where densities of 
large diameter snags were highest (Chapters 3, 4). 

Species that nest or feed in the canopy (e.g., least 
flycatcher, black-throated green warbler, bats) 
usually had their highest abundances in old 
stands (Chapters 7, 8, 10) where canopy height 
was highest (Chapters 3, 4). Species that nest 
and/or forage on coarse DWM (e.g., winter wren, 
southern red-backed vole) had their highest 
abundances in old stands (Chapters 7, 8) where 
volumes of coarse DWM were highest (Chapters 
3, 4). On the other hand, species that forage on 
shrubs and saplings (e.g., snowshoe hare) 
generally had their highest abundances in young 
stands (Chapter 8) where the density of 
shrubs/saplings was highest (Chapters 3, 5, 7). 

Some vertebrate species (~25%) had variations in 
abundances that were not monotonically related 
to stand age. Most of these species had higher 
relative abundances in young and old stands than 
in mature stands (Chapters 7, 8). A few of these 
species are dead tree specialists (e.g., yellow-
bellied sapsucker, northern flying squirrel) 
(Chapters 7, 10), but most were species that nest 
or forage in/on shrubs (e.g., Lincoln‘s sparrow, 
moose, white-tailed deer in summer) (Chapters 7, 
8, 9, 12). Dead tree specialists may have had 
higher abundances in young and old stands 
because some of the trees killed during the stand-
initiating fires remained upright in young stands, 
thus resulting in higher abundances of large dead 
trees in young (Chapters 3, 4). Vertebrate species 
that nested or foraged in/on shrubs probably had 
higher abundances in young and old stands than 
in mature stands because shrub density was 
higher in young and old stands than in mature 
stands (Chapters 5, 7).  

Approximately 25% of the vertebrate species had 
abundances positively related to densities of 
conifer trees (Chapters 7, 9, 10, 12). Abundances 
of many of these vertebrate species were also 
positively related to stand age, possibly because 
conifer tree densities were greatest in old stands 
(Chapters 3, 7). As a consequence of the above 
three patterns, vertebrate species richness and 
abundance were highest in old stands, 
intermediate in young stands, and lowest in 
mature stands (Chapters 7, 8). 

Forest community attributes that can be 
manipulated or retained during forest harvest 
(i.e., large trees, conifers, birch, large snags, large 
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DWM, shrub/saplings) were examined for their 
relationships to relative abundance of vertebrate 
species. Of these forest harvest attributes, all 
were related positively to abundance of several 
vertebrates. Densities of shrub/saplings, large 
snags, large trees, and conifers were most 
important to birds; while densities of 
shrub/saplings, large trees and birch, and volume 
of large DWM, were most important to mammal 
species. The strong relationships between high 
shrub/sapling densities and bird and mammal 
taxa probably relate to the forage, nesting and 
cover importance of shrub/saplings, and 
underscore the habitat value of young stands and 
gap dynamics in old stands. 

A recurrent and conspicuous pattern shown by 
this study was the greater diversity and 
abundance of organisms found in young and old 
stands in comparison to mature stands. This U-
shaped pattern was observed for numerous taxa 
including birds, flying squirrels, bats, ungulates, 
and nonvascular species. The most salient 
explanation for this pattern focuses on the 
differences in structural complexity of young, 
mature, and old aspen mixedwood stands as 
described in Chapters 3–5. These results lend 
convincing support to the ecological principle 
relating resource complexity to species richness 
and abundance. Relative to young and old stands, 
the structure of mature stands was more simple 
and characterized by an even-aged canopy of 
trees of similar height and a forest floor where 
coarse debris was less abundant. The implications 
of this forest structure / biota relationship are 
great, because current forest harvest strategies 
and regulations in Alberta will reduce variability 
in canopy, subcanopy, and ground strata structure 
and will create a more simplistic aspen 
mixedwood forest landscape. Chapter 14 offers 
specific forest harvest recommendations that 
address these concerns. 
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14. RECOMMENDATIONS 

J. Brad Stelfox, Laurence D. Roy, Philip C. Lee, Jim Schieck, Susan Crites,                             
Lisa H. Crampton, and Lisa McDonald 

Intensive forest harvest (e.g., clearcut logging of 
60–70 year rotations) in boreal mixedwood 
forests, by simplifying the structure of young 
stands and reducing the frequency of older 
stands, will not maintain abundances of flora and 
fauna at levels found in unmanaged forests. 

In recognition that conservation of ecological 
processes and biodiversity requires a landscape 
approach embodying both commercial forests and 
reserve networks (Thomas et al. 1990; Franklin 
1993), this chapter describes four components of 
aspen mixedwood forest management (structuring 
forests, variable harvest rotation intervals, 
maintaining mixedwood forests, and mixedwood 
forest reserves) that require implementation. 
These practices, although important to correcting 
current problems with forest management, must 
be complemented by a societal philosophy that 
recognizes the value of stand structure and 
landscape forest patterns in maintaining biota 
prior to decisions involving allocations of trees to 
fiber production. Such a new approach differs 
markedly from previous annual allowable cut 
(AAC) calculations in Alberta that were based on 
merchantable landbase, wood growth and yield 
projections, and optimum ―fiber‖ rotation age.  

A new forest management paradigm receiving 
considerable attention in North America argues 
that managed forests should approximate stand 
and landscape patterns historically created by 
natural disturbance regimes (Hansen et al. 1991; 
Hunter 1993; Swanson et al. 1993). The basic 
assumption of this management model is that 
plants and animals are adapted to natural 
disturbances and are more likely to maintain 
viable populations if human land-uses create 
forest structures similar to those left by fire, 
insect outbreaks, floods, and windthrow. 

Stand-replacing fires are considered the dominant 
disturbance agent of the boreal forest (Rowe and 
Scotter 1973; Van Wagner 1978; Johnson 1992) 
and are largely responsible for maintaining 
variance in stand age, size, shape, and structure 
(Zackrisson 1977; Eberhart and Woodard 1987; 

Engelmark et al. 1993). As such, commercial 
forests with structural variability similar to those 
of fire-dominated landscapes may offer a 
preferred risk management strategy for protecting 
both biota and ecological processes in Alberta‘s 
boreal mixedwood forests. 

The considerable variance in plant community 
structures that occurred within and between seral 
stages, and the variety of forest community 
attributes to which abundances of wildlife and 
plants species were correlated, indicate that 
reliance on a ―fine filter‖ species-by-species 
approach to conserving biodiversity is unlikely to 
succeed. Such a species-based approach will lead 
to conflicting objectives involving species with 
disparate habitat requirements. Opportunities to 
resolve conflicts and manage all species are 
further constrained because the majority of biota 
in mixedwood boreal forests are invertebrates, 
and many of these taxa have yet to be identified 
or their life histories described. 

If the most salient features of aspen mixedwood 
forests are a diverse biota associated with a 
diversity of forest structures, forest management 
approaches that propagate appropriate 
frequencies of structures in space and time may 
hold the greatest promise for maintaining the 
integrity of this ecosystem. 

The following recommendations are logical 
extensions of findings from this study and are 
consistent with the principles of forest ecosystem 
management. 

1. Maintain Structure in Forests 

Abundances of many species of plants, birds, and 
mammals were positively related to residual 
structures (green trees, snags, down woody 
material [DWM]) that originated from the 
previous stand cohort or were created by the 
stand-initiating fire. 

Therefore, to maintain plant and wildlife 
communities in young forests, logging practices 
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should more closely approximate the amount and 
variability of structures created or retained by 
fire. 

Current wood utilization standards in Alberta, 
however, encourage clearcut logging that 
removes all merchantable tree biomass from 
cutblocks (Alberta Timber Harvest Planning and 
Operating Ground Rules 1994).  

A presumed advantage of retaining structures on 
cutblocks is the reduction in years required 
before post-harvest stands acquire characteristics 
associated with old stands. For example, retaining 
green trees at harvest will lead to the production 
of large trees, and subsequently to large snags 
and canopy gaps earlier than would occur in a 
even-age stand of trees following unstructured 
clearcut logging. 

Clearly, fire and clearcut logging differ in the 
amount of wood removed from the stand and in 
the structure of the new stands they initiate. 
Logging companies, however, are reticent to 
retain amounts of structure similar to those found 
in young stands following fire, as such a proposal 
would require a significant reduction in the 
annual allowable cut (AAC) of many companies 
(Maser 1994). A more moderate approach 
involves the modification of the cutblock 
utilization standards that direct logging practices. 
Rather than requiring the forest industry to 
remove all merchantable wood from cutblocks, 
regulations should encourage retention of 
structure in the form of live trees, snags, and 
DWM. Although we do not know the precise 
amounts of structure required on mixedwood 
cutblocks to maintain wildlife populations or 
ecological processes, our general understanding 
indicates that significant increases in retention of 
live trees, large snags, and DWM are warranted. 

As a first approximation to maintaining the 
ecological function of young aspen mixedwood 
forests, managers should consider retaining snags 
and DWM in amounts similar to those of pre-fire 
origin measured on our young stands. These 
residual levels can be viewed as conservative 
estimates, as our young stands had 20–30 years 
since the fire event for residual green trees to 
become snags, for snags to fall and become 
DWM, and for DWM to rot. In young stands, 

snags greater than 10 cm DBH had mean 
densities of 19/ha (13 S.E.M), while coarse 
DWM volumes were ~50 m

3
/ha (12 S.E.M.). As 

abundances of both snags and coarse DWM were 
highly variable, it is important to maintain stand-
to-stand variation in these structures. 

Determinations of which stands are to be highly 
structured and which stands are to be lightly 
structured will depend in large part on the amount 
of residual trees, snags, and coarse DWM that 
exist at each cutblock at time of harvest. Where 
possible, the distribution of DWM on cutblocks 
should approximate the patterns found in young 
forests following fires. As such, localized 
concentrations of DWM, such as tall slash piles 
near landings of whole-tree harvesting systems, 
should be discouraged. Stump-side delimbing, 
where feasible, provides a mechanism for 
maintaining DWM on the cutblock. Where 
whole-tree harvesting systems are used, slash 
should be redistributed throughout the cutblock 
using skidders. In cutblocks where soil 
compression is a serious concern, slash could be 
re-distributed during the winter season. 

Recently, forest companies have intentionally 
retained live trees and snags in clumps within 
cutblocks to approximate variation created by fire 
(Plates 35, 36, 37). The practice of clumping 
residual trees, although advisable, should not be 
implemented exclusively until the prevalence of 
clumped and dispersed residual materials have 
been measured, and their effects on forest flora 
and fauna assessed. If a goal of forest ecosystem 
management is to approximate the variability in 
green trees, snags, and DWM left by fire, then a 
variety of forest harvest strategies may have 
merit, including unstructured clearcuts, structured 
clearcuts, patch cutting, shelterwood harvest, and 
selection logging. 

Constraints and Research Needs 
Although our project provides a general insight 
into the importance of DWM, further research on 
which forest structures to retain at harvest, and in 
what abundances and locations, needs to be 
conducted to determine a fair compromise 
between the long-term ecological and economic 
sustainability of public forests. 
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Although patterns of retention for green trees and 
snags following fire may offer a general template 
for harvest planning, further research is required 
to indicate the most appropriate frequencies and 
locations of each attribute on the cutblock. Proper 
forecasting of these structures during succession 
in managed forests will require research on decay 
rates of snags and DWM, success of green tree 
retention, and fall down rates of snags in post-
logged forests. Stand level research is also 
needed on optimal frequencies of snags required 
to maintain populations of cavity-dwelling birds 
and mammals, optimal levels of DWM required 
to maintain decomposition processes, 
nonvascular populations, and soil fertility, and 
optimal levels and size of live trees retained to 
produce a spatially heterogeneous canopy and 
canopy gaps. 

Retention of live trees and snags does not 
constitute a safety hazard for mechanical 
harvesters in aspen forests where regeneration is 
vegetative (Steneker 1976), but standing snags 
are considered dangerous when manual felling is 
involved or when planting and tending operations 
occur subsequent to harvest (Occupational Health 
and Safety Act 1983). Further research is 
required to evaluate what types and placement of 
residual materials are required to maintain 
ecosystem health while securing worker safety. 

However, ignoring the ecological importance of 
forest structures for reasons of human safety is 
not an acceptable rationale if such practices 
compromise both forest integrity and the ability 
of forests to provide wood products over the next 
several rotations. 

Managers should understand that anthropic 
reconstruction of fire-related structures or "old-
growthness" in managed forests will be of limited 
value if the ecosystem processes which maintain 
the integrity of forests are impaired through 
intensive forestry. 

Other potential problems with reconstruction of 
stand structure include: 1) many forest 
community attributes covary and it is unclear 
which are most important to retain, 2) some forest 
components may be time dependent and can not 
be rushed, and 3) stand level treatments of 

structure may not provide adequate habitat unless 
landscape level treatments are also implemented.  

2. Adopt Variable Rotation Ages for 
Forest Harvest 

Forest companies in Alberta commonly manage 
the merchantable forest landscape with a narrow 
range of harvest rotation ages to facilitate a 
constant forest age class frequency that provides 
an even timber supply (Alberta Timber Harvest 
Planning and Operating Ground Rules 1994). The 
60–70 year rotation that is used by the forest 
industry for Alberta‘s aspen mixedwoods 
approximates maximum annual increment (MAI) 
of aspen and was chosen to maximize wood 
production (Kabzems et al. 1986; Peterson and 
Peterson 1992). Although stands of this age have 
favorable live tree characteristics for pulp 
production, they are structurally simple (closed 
canopy, few large trees, snags, and DWM). In 
general, a commercial mixedwood forest 
landscape would have a truncated age class and 
have fewer of the structures that are associated 
with old stands. Although data confirming this 
pattern are unavailable for comparisons of 
unmanaged and commercial boreal mixedwood 
forests, many species of plants and wildlife in 
Pacific Northwest forests have been adversely 
affected by intensive forestry (Ruggiero et al. 
1991; Thomas and others 1993). These studies 
raise concerns whether recurrent logging of 60–
70 year rotations can maintain viable populations 
of plant and wildlife species whose preferred 
habitat is late successional aspen mixedwood 
forests. 

One corrective approach to this issue is for the 
forest industry to de-emphasize their reliance on 
a narrow rotation interval and a balanced age 
class structure of the forest, and to select a range 
of rotation ages that more closely approximates 
the variability produced by natural fire return 
intervals. 

Research on fire frequency in boreal mixedwood 
forests in Alberta suggests that fires were 
generally frequent with a short fire return interval 
and created a landscape where frequency of 
stands declined with increasing stand age 
(Murphy 1985). Based on this natural pattern, a 
smaller portion of the landscape could be 
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harvested at long intervals while the majority of 
stands would be harvested at shorter return 
intervals. 

The practice of rushing mixedwood forests 
through early successional stages, using softwood 
planting and tending techniques, may have 
adverse ecological effects. For example, our 
study identified shrubs and aspen saplings as 
equal to or more important than canopy and 
deadwood structures to which vertebrate species 
abundance was positively related. The low 
frequency of young (0–20 years) stands in the 
boreal mixedwood forests of northeast Alberta, 
possibly the result of fire suppression, may have 
caused shrubs and sapling stands to be limiting to 
some bird and mammal populations. However, 
high rates of logging on mixedwood forests using 
natural regeneration of aspen should significantly 
increase abundance of both shrubs and saplings 
during the next few decades. 

Constraints and Research Needs 
Far more research is required to quantify the 
spatial and temporal variance in fire return 
intervals and stand age before society and 
industry can evaluate the optimum landscape age 
structure that meets both ecological and 
economic goals. The use of a fire disturbance 
model as a basis for harvest rotation intervals is 
predicated on the assumption that logging will 
largely replace wildfire on the mixedwood forest 
landscape. Such a transition appears to have 
occurred in many U.S. forests (Agee 1994; 
Johnson et al. 1994), but fires in boreal 
mixedwood forests may be less controllable 
(Attiwill 1994).  

3. Maintain the Mixedwood Forest by 
Adopting a Mixedwood Management 
Model 

Many species of plants and wildlife are 
associated with stands containing both aspen and 
spruce, yet forest regulations may lead to the 
“unmixing” of hardwood/softwood stands. 

Although monocultures occur naturally in the 
boreal mixedwood forest, most stand canopies 
contain both hardwood and softwood tree species 
(Alberta Forest Service 1985; Peterson and 
Peterson 1992). Current forest management 

regulations in Alberta require FMA holders 
operating on a mixedwood landbase to regenerate 
softwood volumes equal to those harvested 
(Alberta Timber Harvest Planning and Operating 
Ground Rules 1994). 

The most common practice for spruce 
regeneration involves site preparation (usually 
scarification), manual planting of seedlings, and 
subsequent stand tending to reduce competition 
of seedlings with surrounding plants (Smith 
1986). Because much of the spruce harvested 
from previously unharvested mixedwood forests 
are solitary or from small clumps <5 ha, it is a 
common practice for managers to aggregate 
spruce regeneration at larger spatial scales (20–
40 ha; Alberta Timber Harvest Planning and 
Operating Ground Rules 1994). This softwood 
regeneration strategy, coupled with short-rotation 
aspen logging where site preparation for conifers 
does not occur, is likely to alter successional 
trajectories and lead to spruce stands and aspen 
stands that are separated spatially. On 
mixedwood cutblocks where conifer regeneration 
is not encouraged by silviculture, spruce densities 
may decline because few cone-bearing spruce 
trees may be present and/or appropriate 
germination substrate (large DWM) may be 
absent (Kabzems and Lousier 1992). 

Thus, current silviculture practices encourage 
monodominant stand canopies, and may unmix 
the tree species that define the mixedwood forests 
(McDougall 1988).  

―Unmixing the mixedwood forests‖ may 
jeopardize wildlife species and ecological 
processes reliant on a mixed-species tree canopy. 
For example, the relative abundances of 
approximately 25% of bird and mammal species 
in this study were positively related to densities 
of white spruce. Conifer trees, by providing 
forage, cover, or nesting resources, may allow 
some species to use mixedwood forests that 
otherwise would not.  

Alternative silvicultural strategies that encourage 
natural regeneration strategies for spruce in 
aspen mixedwood stands, are required. 

One option involves leaving some spruce trees to 
serve as current or future seed sources. Conifers 
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retained during harvest may experience less 
wind-related mortality if they are positioned at 
the upwind border of the cutblock (Navratil et al. 
1994) or if they are protected from wind by other 
conifers or aspen trees (Wasel, personal 
communication). In addition, because large 
DWM provides germination substrate for white 
spruce (Rowe 1955), large logs, snags, and live 
trees should be retained on cutblocks to ensure 
adequate amounts of germination substrate 
throughout forest succession. Finally, because 
white spruce seedlings often grow in exposed 
soils (Neinstaedt and Zasada 1990), forest 
companies might consider planting spruce 
seedlings on mixedwood cutblock access roads. 

Constraints and Research Needs 
Management of mixedwood forests for wood 
production from both aspen and spruce presents 
several challenges, including land tenure 
allocations, harvest involving multiple entries, 
and regeneration and growth of understory 
conifers.  

Effective management of mixedwood forests will 
require government and industry to re-evaluate 
growth and yield estimates, silvicultural 
practices, and regeneration standards. Although 
untested in the field, strategies that rely on 
natural regeneration of mixedwood canopies may 
be economically viable because of reduced 
scarification, planting, and tending costs, and 
because of greater total yield from both aspen and 
spruce. Conversely, mixedwood harvest systems 
may not regenerate conifers quickly and may 
result in lower AAC for softwood operators.  

The forest industry is unlikely to widely adopt 
natural regeneration of white spruce as a 
silvicultural option until researchers have 
quantified rates of natural regeneration and 
growth, evaluated DWM as a germination 
substrate, documented spatial relationships of 
seed trees, and better understand spruce mortality 
factors of spruce such as aspen, snowshoe hares, 
and marsh reed grass (Calamagrostis spp). 

4. Establish Aspen Mixedwood Forest 
Reserves as Ecological Benchmarks 

Although forest companies in Alberta are 
exploring ―forest ecosystem management‖ 

(Franklin 1989; Hunter 1990) as a strategy for 
balancing commodity and ecological concerns, 
the long-term success of this approach remains 
uncertain (Stanley 1995). 

As such, the establishment of unmanaged forest 
reserves of appropriate age, size, and 
composition within the forest landscape remains 
a prudent risk management strategy for 
conserving biodiversity and ecological function 
(Franklin 1993).  

Because clearcut logging in Alberta‘s boreal 
mixedwood forests has a short history (most 
commercial forests are less than half way through 
their first rotation), we have no evidence that 
current forest practices are sustainable over long 
periods of time (i.e., multiple harvest rotations). 
If problems are encountered with maintaining 
viable plant and wildlife populations, forest 
regeneration, or ecological processes in forests 
managed for wood production, the scientific 
community will require a reserve system of 
natural forests to make comparisons and conduct 
experiments. 

Because much of the aspen mixedwood forests 
has been allocated for fiber production, this plant 
community must become adequately represented 
in the boreal forest reserve system. The deletion 
of unmerchantable forest types, riparian buffer 
strips, and steep riverine slopes from the 
merchantable landbase (Alberta Timber Harvest 
Planning and Operating Ground Rules 1994) may 
provide significant environmental benefits, but at 
present there have been no evaluations of how 
adequate these other forest types are for 
conserving species and ecological processes 
characteristic of aspen mixedwood forests.  

The diversity of ages, sizes, shapes, and 
juxtaposition found in boreal mixedwood forest 
landscapes (Peterson and Peterson 1992) 
emphasizes the need for a reserve system that 
maintains reasonable frequencies of natural 
stands spatially and temporally positioned in the 
landscape (Baker 1992). 

Such reserves, particularly old growth forests, 
may also offer cultural and aesthetic values to 
society (Burton et al. 1992; Maser 1994), 
maintain core populations of threatened species, 
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and produce dispersing individuals or propagules 
that may be important to the maintenance of 
plants or wildlife populations in the surrounding 
managed landscape (Franklin and Forman 1987; 
Noss 1991). 

Finally, reserves represent ecological 
benchmarks against which society can evaluate 
the integrity of forests managed for commercial 
land-uses such as forestry. 

Constraints and Research Needs 
Central to the issue of sustainable forestry is 
whether high utilization levels (e.g., conventional 
clearcut logging) and short rotation ages (60–70 
years) can be sustained over multiple harvests. 
Answering this question will require lengthy 
research projects involving growth and yield 
monitoring from permanent sample plots (PSP) in 
both harvested and reserve systems. Such 
monitoring programs will provide government 
and industry with an ongoing mechanism to 
assess the viability of harvesting systems. Forest 
managers need to be able to detect small changes 
in site productivity, as minor losses to plant or 
wildlife productivity with each rotation may have 
profound consequences to forest systems when 
considered over meaningful ecological time 
(100s–1000s of years). 

To be effective as ecological benchmarks, 
reserves need to be large enough for natural 
disturbances to occur in appropriate size, 
frequency, and intensity (Pickett and Thompson 
1978; The Nature Conservancy 1982; Noss 1987; 
Baker 1992). Allowing natural levels of wildfire 
may not be possible within small reserves 
surrounded by land-use practices that view 
natural disturbances unfavorably. A protected 
area network based on large areas where conflicts 
with competing land-uses are minimal may be 
more likely to support natural disturbances of 
appropriate type and frequency. Large, ―semi-
natural‖ boreal mixedwood forests in western 
North America include Wood Buffalo National 
Park and Primrose Air Weapons Range in Alberta 
and Prince Alberta National Park in 
Saskatchewan. Even within these areas, however, 
natural fire regimes may not be present as fire 
suppression and other land-uses occur. Further 
discussion is required on whether reserves should 

be representatively established within the boreal 
mixedwood biome, embedded within the 
commercial forest, or both. Because the degree of 
ecological similarity between harvested and 
reserve forests may diminish with increasing 
distance, appropriate attention to geographical 
positioning of reserves in the landscape matrix is 
required (Franklin 1993). 

It would be unwise to rely solely on reserve 
networks to conserve biological diversity, 
however, as reserve systems of sufficient scale to 
embody the range of natural variability of 
landform, disturbance events, biota, and 
ecological processes may not be attainable (Baker 
1989; Wilcove 1989). Reserve networks should 
therefore be viewed as complementary to harvest 
strategies involving structured cutblocks, multiple 
rotation ages, and mixedwood management. 

The degree of similarity between natural lands 
and human land-use practices, however, should 
influence the area of reserves required (Harris 
1984; Franklin 1993). By embedding reserve 
networks within a matrix of land-uses that adopt 
ecological principles, it may be possible to create 
a landscape useful for both commodity 
production and conservation of biodiversity 
(Harris 1984; Hansen et al. 1991; Mladenoff et 
al. 1993). In landscapes manipulated intensively 
(e.g., conventional clearcut logging), a large 
amount of the area should be established as 
reserves to serve as ecological benchmarks and to 
compensate for problems caused by intensive 
forestry. 

In contrast, forestry manipulations that are less 
intensive (e.g., structured clearcuts, selection 
logging) and that better approximate natural 
disturbances in intensity, size, and frequency, 
may offer less ecological risk and therefore 
require less area allocated to reserves. 

Obstacles and Opportunities 

Albertans are beginning to realize that 
consideration of ecological issues after fiber 
allocations have been made and after forest 
industry infrastructures are complete, severely 
compromises our ability to find solutions that 
offer both economic and ecological sustainability. 
A new forest management model, one that 
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addresses both ecological and forestry concerns 
at appropriate spatial and temporal scale, is 
required. However, the remarkable complexity of 
aspen mixedwood forests, and our rudimentary 
understanding of this ecosystem, have been used 
by different interest groups to either justify the 
abolishment of commercial forestry or to suggest 
that it is premature to change current forest 
harvest strategies. A more reasonable approach to 
directing forest management practices is offered; 
a model based on maintaining variability in stand 
age, stand size, and stand structure following 
patterns created by such natural disturbances as 
fire. 

The implementation of this model will require 
extensive scientific study of boreal mixedwood 
forests and an extension program that informs 
Albertans about issues relating to both the 
ecological and economic consequences of forest 
land-use practices. The implementation of this 
model will be difficult, however, as historic 
approaches to timber allocations have not 
adequately considered non-fiber attributes. Forest 
structure that has been historically allocated for 
timber or pulp may now be required as 
components of wildlife habitat or ecological 
processes. For these reasons, further allocations 
of the few remaining uncommitted public forests 
in Alberta is inadvisable and not consistent with 
current national and international directions in 
forest stewardship. In the context of forest 
ecosystem management principles, these 
unallocated forests are required as unlogged 
reserves, and as areas where existing forest 
harvest operations can expand to provide the 
latitude needed to implement alternative 
silviculture practices, structured cutblocks, a 
mixedwood management model, and variable 
rotation ages. 

Studies such as the one presented in this report 
have repeatedly shown strong relationships 
between stand age, stand structure, and biota. The 
patterns that define these relationships can be 
used by resource managers to mitigate adverse 
effects of forestry through modification of 
operational practices (e.g., structured clearcuts, 
multiple rotation ages, mixedwood management 
models). Although this approach to 
understanding forest ecosystems, and how they 
respond to landuses, has merit, it must be 

complemented by research that focuses on 
fundamental ecological processes. The range of 
ecological processes affected by intensive 
forestry is far from fully known (Maser 1994), 
but includes nutrient cycling, soil fertility, plant 
germination, and competitive interactions of 
organisms. In particular, more research should be 
directed to invertebrates and fungi (Hawksworth 
1991; Olson 1992), because these organisms may 
be critical to tree germination, growth, and 
mortality, and to nutrient cycling (Trappe and 
Luoma 1992; Franklin 1993). 

Although commercial forestry is presently 
foremost in the public‘s mind as a threat to forest 
ecosystems, the effects of the oil and gas sector 
and agriculture should not be underestimated. 
Both of these landuses excise considerable areas, 
either permanently or semi-permanently, from 
Alberta‘s boreal forest each year, and cause 
extensive fragmentation to the remaining forest 
landscape. 
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Ablation: A decrease in (volume/depth) snowpack as a 
result of melting and evaporation. 

AEC: Alberta Environmental Centre 

Annual allowable cut: The gross amount of timber 
volume, including salvage, that may be harvested 
from a specific area over a stated period from 
guidelines of the Lands and Forest Service. 

Apical dominance: The influence exerted by a 
terminal bud in suppressing growth of lateral buds. 

Arboreal: Living in or on trees. 

Arthropod: Animal from the phylum Arthropoda, e.g., 
insect, spider, crustacean. 

Aspect: The direction a slope faces. 

Associated species: A species found to be numerically 
more abundant in a particular forest successional 
stage or type compared to other areas. 

Autecological: The study of the ecology of a single 
species. 

Autogenic: Produced by internal forces or 
mechanisms. 

B horizon: That stratum of the soil termed the zone of 
accumulation in which clay, cations and chemicals 
are deposited.  

Basal area: The cross section area of a tree stem 
including the bark.  

Bat colony: A group of roosting bats, typically 
composed of females and their pups. 

Bat detector: An electronic device that receives 
ultrasound frequencies, then converts and emits them 
so they are audible to humans. 

Biodiversity: The variety of life forms and processes, 
including a complexity of species, communities, and 
gene pools. 

Biological legacies: Large trees, down logs, snags, and 
other components of the forest stand left after a 
stand-initiating disturbance.  

Biomass: The total mass of living organisms of one or 
more species per unit of space. 

Biophysical: Pertaining to both living and non-living 
attributes. 

Biota: All living organisms. The flora and fauna of a 
region. 

Blowdown: Trees felled by high winds. 

Bole: The unbranched trunk or stem of a tree. 

Breast height: A standard height from ground level 
(1.5) for recording diameter, girth, or basal area of a 
tree. 

Browse (browsing): As a noun, browse refers to twigs 
or shoots, with or without attached leaves, of shrubs, 
trees, or woody vines that are eaten by wildlife or 
livestock; as a verb, browse refers to the grazing of 
shrubby or woody material. 

Bryophyte: Green land plants that consist of mosses, 
liverworts, and hornworts. This group has poorly 
developed water and food conducting systems.  

Canopy closure: The degree to which the forest 
canopy blocks sunlight or obscures the sky. 

Canopy: A layer of foliage in a forest stand. This most 
often refers to the uppermost layer of foliage, but it 
can be used to describe lower layers in a multistoried 
stand. 
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Cardinal: North, East, South, or West compass 
directions. 

Canopy kurtosis: The degree of peakedness in the 
frequency distribution of canopy openness from site, 
stand, or stand ages. Low values refer to clumping of 
observations around the mean, while high values 
indicate dispersion of observations. 

Cavity excavator: A wildlife species that digs or chips 
out cavities in trees or snags to provide nesting, 
roosting, or foraging sites. 

Cavity nester: Wildlife species, that require cavities 
(holes) in trees for nesting and reproduction. 

Cervid: A hoofed mammal. 

Clearcut harvest: A timber harvest method in which 
all trees are removed at one time from an area, to 
create an even-aged stand. 

Clearcut: A harvest in which all of the trees are 
removed at one time. 

Climax: The culminating stage in plant succession for 
a given site where the vegetation has reached a 
stable condition. 

Clone: Any group of plants derived from a single 
individual by vegetative reproduction. All members 
of a clone have the same genetic makeup and 
consequently tend to be uniform. 

Cohort: Individuals all resulting from the same birth-
pulse, and thus all of the same age. 

Community: Pertaining to plant or animal species 
living in close association and interacting as a unit. 

Competition: Interactions that exist among individuals 
that use similar limited resources. 

Confidence interval: A range, calculated using 
statistics, that indicates the upper and lower bounds 
of a parameter. 

Confidence level: The probability that the true value 
for a parameter is included within the confidence 
interval. 

Conifer: A tree belonging to the evergreen order 
(Gymnospermae). Conifers bear cones and needle-
shaped or scalelike leaves. 

Conk: A hard, spore-bearing structure that projects 
outwards from the bark of a tree, caused by wood-
destroying fungi. 

Cover: Vegetation used by wildlife to hide from 
predators, to mitigate weather conditions, or to 
reproduce. May also refer to the protection of the 
soil and the shading provided by herbs and forbs by 
vegetation. 

Crepuscular: During times of low light in evening and 
early morning hours. 

Cricetid: Rodents of the family Cricetidae, e.g., mice 
and voles 

Crown cover: The percentage of the ground surface 
that would be covered by a downward vertical 
projection of foliage in the crowns of trees. 

Crown: The upper part of a tree or other woody plant 
where the branches and foliage are found. 

Cryptograms: Bryophytes and lichens.  

Cutover: Refers to a logged site. 

Datalogger: Microprocessor that is used to collect, 
store and manipulate data. 

Decadence: Trees that are deformed (i.e., broken tree 
tops, irregular boles and branching). 

Deciduous: Trees or shrubs that generally shed their 
leaves annually. The wood of deciduous trees is 
usually known as hardwood. 

Defoliators: Insects and other organisms that feed on 
foliage and remove some or all of the foliage from a 
tree, shrub, or herb. 

Demography: The quantitative analysis of age and 
sexual structure of a population. 

Den site: Place for an animal to roost or nest. 

Density-dependent: A process, such as fecundity, 
whose values depend on the number of animals in 
the population. 

Density-independent: A process whose values do not 
depend on the number of animals in the population. 

Depauperate: An area that has relatively few plant and 
animal species. 

df: Degree of freedom, a statistical term that is used to 
calculate significance level and power. 

Diameter at breast height (DBH): The diameter of a 
tree 1.5 m above the ground on the uphill side of the 
tree. 

Dispersal: The movement, usually one way, of plants 
or animals from their point of origin to another 
location where they subsequently produce offspring. 

Disturbance: A force that causes significant change in 
structure and/or composition of a habitat. 

Diversity: The variety, distribution, and abundance of 
different plant and animal communities and species 
within an area. 

Down log: Portion of a tree that is lying on or near the 
ground. 

Down woody material (DWM): All woody material 
lying on or near the ground.  

Duff layer: The layer of loosely compacted material 
underlying the litter on the forest floor. 

Echolocation: A type of sonar bats use to navigate and 
to locate prey. 

Echolocation (or bat) activity: The number of 
echolocation call sequences heard per unit time. 

Echolocation pass: A series of 2 or more echolocation 
pulses separated from other series. 
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Ecosystem: A unit comprising interacting organisms 
and their environment. 

Ecotone: A transition area between two communities 
which has characteristics of both as well as 
characteristics of its own. 

Edaphic: Referring to the soil. The influence of the 
soil upon plant growth is referred to as an edaphic 
factor. 

Edge: Where plant communities meet. 

Eluvial horizon: Soil layer characterized by the 
eluviation of clay, Fe, Al or organic matter alone or 
in combination. 

Eluviation: The transportation of dissolved or 
suspended material in the soil by the movement of 
water. 

Endemic: A species that is unique to a specific 
locality. 

Endomycorrhizal fungi: A mycorrhizal fungi in 
which fungal hyphae penetrate the root cells of 
plants. 

Epiphyte: A plant that grows upon another plant and is 
nonparasitic, merely using the host as a means of 
support. 

Epixylic: A plant which grows upon dead wood. 

Eutric brunisol: A soil type described by the 
Canadian system of soil classification. These soils 
are in an early developmental stage, lack a well-
developed mineral-organic surface horizon, and 
occur mainly on parent material under forest or 
shrub vegetation. 

Even-aged forest: A forest stand comprising trees 
with less than a 20–year difference in age. 

Extended rotation age: A point in time when trees are 
harvested or planned to be harvested that is beyond 
the age when harvest ordinarily would occur. 

Extended rotation: A period of years that is longer 
than the time necessary to grow timber crops to a 
specific condition of maturity. 

Feeding buzz: An increase in the rate of bat 
echolocation pulses such that a buzzing sound is 
heard on a bat detector; used by bats attacking prey. 

Fire regime: The characteristic frequency, extent, 
intensity, severity, and seasonality of fires in an area. 

Fire return interval: Average number of years 
required for fire to burn an area over. 

Fire severity: The degree to which a site has been 
altered or disrupted by fire. 

Fire suppression: The practice of control and 
extinguishing of fires. 

Floaters: Nonbreeding adults and subadults that move 
and live within a breeding population, often 
replacing breeding adults that die. 

Forest: A collection of stands that occur in similar 
space and time. 

Forest canopy: The cover of branches and foliage 
formed collectively by the crowns of adjacent trees 
and other woody growth. 

Forest fragmentation: The change in the forest 
landscape, from extensive and continuous forests. 

Forest landscape: Land presently forested or formerly 
forested and not currently developed for nonforest 
use. 

Forest succession: The orderly process of change in a 
forest as one plant community or stand condition is 
replaced by another, evolving toward the climax 
type of vegetation. 

Fungi: A kingdom of filamentous terrestrial 
organisms. 

Fragmentation: The process of reducing size and 
connectivity of stands that compose a forest. 

Gall: A plant tumor made up of modified tissue 
structure, often in response to damage by an insect 
or some other agent. 

Geomorphology: The study of the physical features of 
the earth‘s surface.  

Green tree: A live tree. 

Groundwater: That portion of the total precipitation 
that is passing through or standing in the soil and the 
underlying strata and is free to move under the 
influence of gravity. 

Habitat: The place where a plant or animal naturally 
or normally lives and grows. 

Hard snag: A recently dead standing tree that typically 
still has an intact top, a high degree of bark cover, 
and most limbs. A hard snag is composed primarily 
of sound wood, and is generally merchantable. 

Hardwood: The wood of a deciduous species of tree. 

Heartwood: The inner core of a woody stem 
composed of non-living cells and usually 
differentiated by its darker color than the outer wood 
layer. 

Herb: A nonwoody seed plant. 

Heterogeneity: Variation in the environment over 
space and time. 

Hiding cover: Any vegetation used by wildlife for 
security or to escape from danger. 

Home range: That area that an animal traverses in the 
scope of normal activities. 

Horizon: A layer in the soil profile approximately 
parallel to the land surface with more or less well-
defined characteristics that have been produced 
through the operation of soil forming processes. 

Humification: The process of decomposing organic 
matter. 
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Humus: The fraction of the soil organic matter that 
remains after most of the added plant and animal 
residues have decomposed. It is usually dark 
colored. It may also refer to all the dead organic 
material on and in the soil that undergoes continuous 
breakdown, change, and synthesis. 

Immigration: Movement of individuals into a 
population. 

Incidental conifer: Conifer timber harvest from land 
defined as deciduous landbase. 

Insolation: Solar radiation received on a horizontal 
plane at the earth‘s surface. 

Integrated resource management: A coordinated 
approach to land and resource management, which 
encourages multiple-use practices. 

Intercardinal: Northeast, Northwest, Southeast and 
Southwest compass directions. 

Interspecific: Occurring among members of different 
species. 

Intraspecific: Occurring among members of a single 
species. 

Kraft pulping: A pulping process, also known as the 
sulfate process, which uses an alkaline cooking 
liquor comprised of sodium hydroxide and sodium 
sulfide in the approximate proportions of two to one. 
The term kraft refers to strength and the main 
products of this process are strong wrapping papers, 
paper bags, and cardboard boxes. It is the standard 
chemical pulping used commercially in Canada to 
date. 

Lacustrine: Pertaining to lakes. 

LANDSAT: A specific satellite or series of satellites 
used for earth resource remote sensing. Satellite data 
can be converted to visual images for resource 
analysis and planning. 

Landscape diversity: The size, shape, and 
connectivity of different ecosystems across a large 
area. 

Landscape: A heterogeneous land area with 
interacting ecosystems. 

Leaf area index (LAI): The total projected leaf area 
per unit area of ground surface. 

Lichen: A symbiotic association between a fungus and 
an alga. The algae serves to photosynthesize and the 
fungi provides structural support, nutrients, and 
protection from the environment. 

Litter layer: The loose, relatively undecomposed 
organic material on the surface of the forest floor 
typically made up of leaves, bark, small branches, 
and other fallen material. 

Liverworts: Small, inconspicuous plants that are part 
of the bryophyte group. 

Luvisolic: Soil classification where silicate clay has 
accumulated in the B horizon. 

Matrix: The most extensive and connected landscape 
that plays the dominant role in landscape 
functioning. 

Mature stand: A stand of trees for which the annual 
net rate of growth has peaked. 

Mesic: Pertaining to or adapted to an area that has an 
intermediate supply of water; neither wet nor dry. 

Microhabitat: A restricted set of distinctive 
environmental conditions that constitute a small 
habitat, such as the area under a log. 

Microtine: Small rodents (e.g., voles and lemmings). 

Mist-net: A fine net used to capture bats and birds. 

Mixedwood: A forest composed of trees of two or 
more species. Usually at least 20% of the trees are 
other than the leading species. 

Model: An idealized representation of reality 
developed to describe, analyze, or understand the 
behavior of something; a mathematical 
representation of the relationships under study. 

Monoculture: Raising crops of a single species, 
generally even-aged. 

Monotonic: The family of relationships where 
minimums and maximums are not present (i.e., if the 
slope is positive it remains positive throughout and if 
the slope is negative it remains negative throughout). 

Multilayered canopy: Forest stands with two or more 
distinct tree layers in the canopy; also called 
multistoried stands. 

Mycorrhizal fungi: Fungi with a symbiotic 
relationship with the roots of plants. 

Nivean: Pertaining to the snowpack. 

Nocturnal: Referring to organisms that are active or 
functional at night. 

Nonvascular: Mosses, lichens, liverworts and algae 
(algae were not included in this study). 

Obligate species: A plant or animal that occurs only in 
a narrowly defined habitat such as tree cavity, rock 
cave, or wet meadow. 

Obligatory symbiont: A close relationship between 
two species that is necessary for survival. 

Old-growth associated species: Plant and animal 
species that exhibit an association with old–growth 
forest. 

Old-growth forest: A forest greater than rotation age 
with moderate to high canopy closure; a 
multilayered, multispecies canopy dominated by 
large overstory trees; some with broken tops and 
other decay; numerous large snags; and 
accumulations of DWM. 

Orthic Gray Luvisol: A soil type described by the 
Canadian system of soil classification and 
predominating in the boreal mixedwood zone of 
Northern Alberta. It is loosely characterized as 
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having a light-colored eluvial horizon, a well-
developed B horizon in which silicate clay has 
accumulated, sandy loam to clay-based parent 
materials, and an organic surface horizon. 

Overburden: Earth material overlaying foundation 
rock. 

Overstory: Those trees that form the upper canopy in 
a multi-layered forest. 

PAR: Photosynthetically active radiation (wavelength; 
400–700 nm). 

Partial cutting: Removal of selected trees from a 
forest stand. 

Phenology: The annual recurrence of plant and animal 
phenomena that is influenced by seasonal changes 
(e.g., flowering of plants, ripening of fruit). 

Physiognomy: The external appearance or 
morphology of a plant community. 

Plant community: An association of plants of various 
species found growing together. 

Poikilohydric: The mechanism by which bryophytes 
and lichens can dry up and resume normal metabolic 
functioning upon rewetting.  

Population density: Number of individuals of a 
species in an area. 

Population dynamics: Changes that occur during the 
life of a population including all phases of 
recruitment and growth, senility, mortality, seasonal 
fluctuations in biomass, persistence of each year 
class and its relative dominance, and the effects that 
any or all of these factors exert on the population. 

Population: A collection of individuals of the same 
species that potentially interbreed. 

Predator: Any animal that preys on others by hunting, 
killing, and feeding on a succession of hosts. 

Pyrogenic: Referring to forest stands that originated 
from a fire event. 

Range (of a species): The area or region over which a 
species occurs. 

Recruitment: The increase of a population from all 
causes (i.e., reproduction, immigration, and 
stocking). 

Refugia: Locations and habitats that support 
populations during adverse conditions. Refugia 
usually are limited to small fragments of their 
previous geographic range. 

Regeneration: The process of establishing young trees 
naturally or artificially. 

Riparian area: A geographic area containing an 
aquatic ecosystem and adjacent upland areas that 
directly affect it. 

Rotation age: The number of years between 
successive forest harvest.  

Rotation: The planned number of years between 
regeneration of a forest stand and its final harvest 
(regeneration cut or harvest). A forest's age at final 
harvest is referred to as rotation age. 

Sapling: A young tree a few meters tall and 5–10 cm 
diameter at breast height. 

Sapwood: The light-colored wood that appears on the 
outer portion of a cross-section of a tree stem. These 
more recently formed annual rings are usually more 
active physiologically than the inner portion of the 
stem. 

Scale: Level of spatial resolution. 

Scarification: Silvicultural practice involving the 
mechanical disruption of the ground surface to 
expose mineral soil and to improve survival of 
conifer seedling.  

Selection: Occurs when a resource is used differently 
in relation to the availability of that resource. 

Self-thinning: High mortality of aspen suckers as they 
compete for limited amounts of light of water. 

Senescence: The process of aging. 

Seral stages (sere): The series of relatively transitory 
communities that develop during ecological 
succession from bare ground to the climax 
community. 

Silviculture: The science and practice of controlling 
the establishment, composition, and growth of the 
vegetation of forest stands. It includes the control or 
production of stand structures such as snags and 
down logs, in addition to live vegetation. 

Snag: Any standing dead, or partially dead tree. 

Snag-dependent species: Birds and mammals 
dependent on snags for nesting, roosting, or 
foraging. 

Softwood: The wood of a conifer. 

Soft snag: A soft snag is composed primarily of wood 
in advanced stages of decay and deterioration, and is 
generally not merchantable. 

Soil structure: The combination or arrangement of 
primary soil particles into secondary particles, units, 
or peds. 

Soricid: The Soricidae family (shrews). 

Species diversity: The number, different kinds, and 
relative abundance of species. 

Species richness: The number of different species 
occupying a given area. 

Species: A group of individuals that have their major 
characteristics in common and are potentially 
interfertile. 

Stand: An aggregation of trees occupying a specific 
area and sufficiently uniform in composition, age, 
arrangement, and condition so that it is 
distinguishable from the trees in adjoining areas. 
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Stand age: The number of years since a stand 
experienced a stand replacing disturbance event (i.e., 
fire, logging). 

Stand density: The number and size of trees on a 
forest site. 

Structure (stand structure): The various horizontal 
and vertical physical elements of the forest. The 
physical appearance of canopy and subcanopy trees 
and snags, shrub and herbaceous strata, and down 
woody material. 

Subnivean: Beneath the snowpack. 

Succession: A series of dynamic changes by which one 
group of organisms succeeds another through stages 
leading to a climax community. 

Successional stage: A stage or recognizable condition 
of a forest community that occurs during its 
development from bare ground to climax. 

Sucker (suckering): A shoot arising from a root 
system or from the underground part of a stem. 

Suppression: The action of extinguishing or confining. 

Supranivean: Above the snowpack. 

Survivorship: The proportion of individuals that are 
alive at a later age. 

Sustained yield: The yield that a forest can produce 
continuously at a given intensity of management. 

Taxonomy: The science of classification of organisms; 
into systematic groups; species, genus, family, and 
order. 

Terricolous: A plant which grows mainly on the litter, 
soil, or, humus. 

Territory: The area that an animal defends, usually 
during breeding season, against intruders of its own 
species. 

Thermal cover: Cover used by animals to lessen the 
effects of weather. 

Thermistor: A resistor, used to measure temperature. 

Thermocouple: two wires of different metals (i.e., 
copper-constantan) that produce a minute electrical 
potential. 

Thermoregulation: The physiological and biological 
process whereby an animal regulates its body 
temperature. 

Township: A land area of 6 x 6 miles. 

TWINSPAN: A computer program that can be used to 
organize species-stand data into an ordered two-way 
table. 

Understory: Those trees or other vegetation in a forest 
stand below the main canopy level. 

Ungulate: Any of the many hoofed mammals such as 
deer, wapiti, moose, bison. 

Watertable: The upper limit of the part of the soil or 
underlying rock material that is wholly saturated 
with water. 

Wildfire: Any fire that is not a prescribed fire. 

Wildlife tree: A tree retained because of its use or 
potential use by wildlife. 

Windfall: Trees or parts of trees felled by high winds. 

Windthrow: Trees uprooted or felled by the wind. 

Witches’ broom: Fungal disease in deciduous and 
conifer trees which speeds growth in small branches 
causing a tight ball of entwined branches to form. 

Xeric: Referring to habitats in which plant production 
is limited by availability of water. 
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II. LIST OF ABBREVIATIONS 

 

Units 
nm nanometre 
mm millimetre 
cm centimetre 
m metre 
km kilometre 
s second 
h hour 
d day 
g gram 
kg kilogram 
m a.s.l. metres above sea level 
m s-1 metres per second 

m2 square metre 
m3 cubic metre 
m/s  metres/second 
kph kilometre per hour 
ha hectare 
ha–1 or /ha per hectare 
km2 square kilometer 
kHz   kiloHertz 

°C degrees Celsius 
 
Acronyms 

 alpha 
AAC annual allowable cut 
AEC Alberta Environmental Centre 
AFORISM Alberta Forest Service Inventory Storage and Maintenance System 
Alberta-Pacific Alberta-Pacific Forest Industries Inc. 
ANCOVA analysis of covariance 
ANOVA analysis of variance 
AVI Alberta Vegetation Inventory 
CRD chord distance 
DBH diameter at breast height 
df degrees of freedom 
DOM depth of organic matter 
DWM down woody material 
F F Statistic 
FMA Forest Management Agreement and/or Forest Management Area 
ISR Incoming solar radiation 
N number of samples 
NA not analyzed 
NND nearest neighbour distance 
NS not significant 
P Probability of significance level 
PAIF Partnership Agreement in Forestry 
PAR photosynthetically active radiation 
r Pearson‘s correlation 
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R2 Correlation of determination 
S significant 
S.D. standard deviation 
S.E. standard error 
S.E.M. standard error of the means 

2 Chi-Square Value 
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III. SPECIES LIST 

TABLE III.1. List of amphibians and mammals found in study area
*
. 

Family Common Name Code Scientific Name 

    

Bufonidae boreal toad BOTO Bufo boreas 

    

Hylidae boreal chorus frog BCFR Pseudacris triseriata 

    

Ranidae wood frog WOFR Rana sylvatica 

    

Soricidae masked shrew MASH Sorex cinereus  

 arctic shrew ARSH Sorex arcticus 

 dusky shrew DUSH Sorex monticolus 

 pygmy shrew PYSH Sorex hoyi  

    

Vespertilionidae little brown bat LBMY Myotis lucifugus 

 northern long-eared bat NLEB Myotis septentrionalis 

 silver-haired bat SHBA Lasionycteris noctivagans 

 big brown bat BBBA Eptesicus fuscus 

 hoary bat HOBA Lasiurus cinereus 

    

Leporidae snowshoe hare SNHA Lepus americanus 

    

Sciuridae least chipmunk LECH Tamias minimus 

 woodchuck WOOD Marmota monax 

 red squirrel RESQ Tamiasciurus hudsonicus 

 northern flying squirrel NFSQ Glaucomys sabrinus 

    

Cricetidae deer mouse DEMO Peromyscus maniculatus 

 southern red-backed vole SRBV Clethrionomys gapperi 

 heather vole HEVO Phenacomys intermedius 

 meadow vole MEVO Microtus pennsylvanicus 

 northern bog lemming  NBLE Synaptomys borealis 

    

Zapodidae meadow jumping mouse MJMO Zapus hudsonius 

    

Erethizontidae porcupine PORC Erethizon dorsatum 

    

Canidae coyote COYO Canis latrans 

 gray wolf GRWO Canis lupus 

 red fox REFO Vulpes vulpes 

    

Ursidae black bear BLBE Ursus americanus 

    

Mustelidae fisher FISH Martes pennanti 

 ermine ERMI Mustela erminea 

 least weasel LEWE Mustela nivalis 

 wolverine WOLV Gulo gulo 

    

Felidae Canada lynx LYNX Lynx canadensis 

    

Cervidae white-tailed deer WTDE Odocoileus virginianus 

 mule deer MUDE Odocoileus hemionus 

 moose MOOS Alces alces 
*
Mammal systematics based on: 
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Macdonald C.; Roberts W.E.; Ealey, D.M. 1993. The vertebrate species of Alberta. Alberta Naturalist 23:1–15. 
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TABLE III.2. List of birds found in study area
*
. 

Family Common Name Code Scientific Name 

    

Anatidae common goldeneye COGO Bucephala clangula 

    

Accipitridae osprey OSPR Pandion haliaetus 

 bald eagle BAEA Haliaeetus leucocephalus 

 broad-winged hawk BWHA Buteo platypterus 

 red-tailed hawk RTHA Buteo jamaicensis 

    

Falconidae American kestrel AMKE Falco sparverius 

    

Phasianidae ruffed grouse RUGR Bonasa umbellus 

    

Cuculidae black-billed cuckoo BBCO Coccyzus erythropthalmus 

    

Strigidae great horned owl GHOW Bubo virginianus 

 barred owl BAOW Strix varia 

    

Caprimulgidae common nighthawk CONI Chordeiles minor 

    

Alcedinidae belted kingfisher BEKI Ceryle alcyon 

    

Picidae yellow-bellied sapsucker YBSA Sphyrapicus varius 

 downy woodpecker DOWO Picoides pubescens 

 hairy woodpecker HAWO Picoides villosus 

 three-toed woodpecker TTWO Picoides tridactylus 

 black-backed woodpecker BBWO Picoides arcticus 

 northern flicker NOFL Colaptes auratus 

 pileated woodpecker PIWO Dryocopus pileatus 

    

Tyrannidae olive-sided flycatcher OSFL Contopus borealis 

 yellow-bellied flycatcher YBFL Empidonax flaviventris 

 alder flycatcher ALFL Empidonax alnorum 

 least flycatcher LEFL Empidonax minimus 

    

Hirundinidae tree swallow TRSW Tachycineta bicolor 

    

Corvidae gray jay GRJA Perisoreus canadensis 

 blue jay BLJA Cyanocitta cristata 

 black-billed magpie BBMA Pica pica 

 American crow AMCR Corvus brachyrhynchos 

 common raven CORA Corvus corax 

    

Paridae black-capped chickadee BCCH Parus atricapillus 

 boreal chickadee BOCH Parus hudsonicus 

    

Sittidae red-breasted nuthatch RBNU Sitta canadensis 

 white-breasted nuthatch WBNU Sitta carolinensis 

    

Certhiidae brown creeper BRCR Certhia americana 

    

Troglodytidae house wren HOWR Troglodytes aedon 

 winter wren WIWR Troglodytes troglodytes 
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TABLE III.2 (continued). List of birds found in study area. 

Family Common Name Code Scientific Name 

Muscicapidae golden-crowned kinglet GCKI Regulus satrapa 

 veery VEER Catharus fuscescens 

 Swainson's thrush SWTH Catharus ustulatus 

 hermit thrush HETH Catharus guttatus 

 American robin AMRO Turdus migratorius 

    

Bombycillidae cedar waxwing CEWA Bombycilla cedrorum 

    

Vireonidae solitary vireo SOVI Vireo solitarius 

 warbling vireo WAVI Vireo gilvus 

 Philadelphia vireo PHVI Vireo philadelphicus 

 red-eyed vireo REVI Vireo olivaceus 

    

Emberizidae Tennessee warbler TEWA Vermivora peregrina 

 orange-crowned warbler OCWA Vermivora celata 

 yellow warbler YEWA Dendroica petechia 

 Magnolia warbler  MAWA Dendroica magnolia 

 Cape May warbler CMWA Dendroica tigrina 

 yellow-rumped warbler YRWA Dendroica coronata 

 black-throated green warbler BTGW Dendroica virens 

 blackpoll warbler BPWA Dendroica striata 

 black and white warbler BWWA Mniotilta varia 

 American redstart AMRE Setophaga ruticilla 

 ovenbird OVEN Seiurus aurocapillus 

 Connecticut warbler COWA Oporornis agilis 

 mourning warbler MOWA Oporornis philadelphia 

 common yellowthroat COYT Geothlypis trichas 

 Canada warbler CAWA Wilsonia canadensis 

 western tanager WETA Piranga ludoviciana 

 rose–breasted grosbeak RBGR Pheucticus ludovicianus 

 chipping sparrow CHSP Spizella passerina 

 clay–colored sparrow CCSP Spizella pallida 

 song sparrow SOSP Melospiza melodia 

 Lincoln's sparrow LISP Melospiza lincolnii 

 white-throated sparrow WTSP Zonotrichia albicollis 

 dark-eyed junco DEJU Junco hyemalis 

 brown-headed cowbird BHCO Molothrus ater 

    

Fringillidae purple finch PUFI Carpodacus purpureus 

 red crossbill RECR Loxia curvivostra 

 white-winged crossbill WWCR Loxia leucoptera 

 common redpoll CORE Carduelis flammea 

 pine siskin PISI Carduelis pinus 

 evening grosbeak EVGR Coccothraustes vespertinus 
 

*
Bird systematics based on: 

American Ornithologist‘s Union. 1983. Check-list of 
North American birds, 6th edition. Allen Press Inc., 
Lawrence, KA. 877 pp. 

American Ornithologist‘s Union. 1984. Report of the 
meeting of the committee on classification and 
nomenclatures. Auk 101:348. 

American Ornithologist‘s Union. 1985. Thirty-fifth 
supplement to the American Ornithologist‘s Union 
check-list of North American birds. Auk 102:680–
686. 

American Ornithologist‘s Union. 1987. Thirty-sixth 
supplement to the American Ornithologist‘s Union 
check-list of North American birds. Auk 104:591–
596. 
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American Ornithologist‘s Union. 1989. Thirty-seventh 
supplement to the American Ornithologist‘s Union 

check-list of North American birds. Auk 106:532–
538. 
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TABLE III.3. List of vascular plants found in study area. 

 Scientific Name  Common Name 

 Lycopodiaceae 
  Lycopodium annotinum  stiff club-moss 
   Lycopodium clavatum  running club-moss 
  Lycopodium complanatum  ground cedar 
  Lycopodium obscurum  ground pine 
 Equisetaceae 
  Equisetum arvense  common horsetail 
  Equisetum fluviatile  horsetail 
  Equisetum pratense  horsetail 
  Equisetum scirpoides  horsetail 
  Equisetum sylvaticum   woodland horsetail  
 Ophioglossaceae 
  Botrychium dusenii  grape fern 
  Botrychium lunaria  moonwort 
 Polypodiaceae 
  Dryopteris carthusiana  narrow spinulose shield fern  
  Gymnocarpium dryopteris  oak fern 
 Pinaceae 
  Picea glauca  white spruce 
  Abies balsamea  balsam fir 
 Poaceae 
  Agropyron spp.  wheat grass 
  Bromus inermis  awnless brome 
  Calamagrostis canadensis  marsh reed grass 
  Elymus innovatus  hairy wild rye  
  Festuca spp.  fescue 
  Oryzopsis asperifolia  rice grass 
  Oryzopsis pungens  rice grass 
  Schizachne purpurascens  false melic 
 Cyperaceae 
  Carex spp.  sedge 
 Liliaceae 
  Disporum trachycarpum  fairy-bells 
  Lilium philadelphicum  western wood lily 
  Maianthemum canadense  wild lily-of-the-valley 
  Smilacina racemosa  false Solomon's-seal 
  Smilacina stellata  star-flowered Solomon's-seal 
 Orchidaceae 
  Corallorhiza maculata  spotted coral-root 
  Corallorhiza striata  striped coral-root 
  Corallorhiza trifida  pale coral-root 
  Listera borealis  northern twayblade 
 Salicaceae  
  Populus balsamifera  balsam poplar 
  Populus tremuloides  aspen 
  Salix spp.  willow 
 Betulaceae 
  Alnus crispa  green alder 
  Alnus tenuifolia  river alder 
  Betula glandulosa  bog birch 
  Betula papyrifera  paper birch 
  Corylus cornuta  beaked hazelnut 
 Urticaceae 
  Urtica dioica  common nettle 



 

 305 

 

TABLE III.3 (continued). List of vascular plants found in study area. 

 
 Scientific Name  Common Name 

 Santalaceae 
  Comandra umbellata  bastard toad-flax  
 Caryophyllaceae 
  Moehringia lateriflora 
  Stellaria longifolia  long-leaved chickweed 
 Ranunculaceae 
  Actaea rubra  red and white baneberry 
  Anemone canadensis  Canada anemone 
  Aquilegia brevistyla  blue columbine 
  Caltha palustris  marsh marigold 
  Delphinium glaucum  tall larkspur 
  Thalictrum venulosum  veiny meadow rue  
 Saxifragaceae 
  Chrysosplenium tetrandrum 
  Mitella nuda  bishop's-cap 
 Grossulariaceae 
  Ribes glandulosum  skunk currant 
  Ribes hirtellum  wild gooseberry 
  Ribes hudsonianum  wild black currant 
  Ribes lacustre  bristly black currant 
  Ribes oxyacanthoides  wild gooseberry 
  Ribes triste  wild red currant 
 Rosaceae 
  Amelanchier alnifolia  saskatoon 
  Fragaria vesca  woodland strawberry 
  Fragaria virginiana  wild strawberry 
  Geum aleppicum  yellow avens 
  Geum macrophyllum  yellow avens 
  Prunus pensylvanica  pin cherry 
  Prunus virginiana  choke cherry 
  Rosa acicularis  prickly rose 
  Rubus arcticus  dwarf raspberry 
  Rubus idaeus  wild red raspberry 
  Rubus pubescens  dewberry 
  Sorbus aucuparia  European mountain ash 
 Fabaceae 
  Lathyrus ochroleucus  pea vine 
  Vicia americana  wild vetch 
 Empetraceae 
  Empetrum nigrum  crowberry 
 Balsaminaceae 
  Impatiens noli-tangere  touch-me-not 
 Violaceae 
  Viola adunca  early blue violet 
  Viola canadensis  western Canada violet 
  Viola nephrophylla  bog violet 
  Viola renifolia  kidney-leaved violet 
  Viola selkirkii  great-spurred violet 
 Elaeagnaceae 
  Shepherdia canadensis  Canadian buffalo-berry 
 Onagraceae 
  Circaea alpina  enchanter's nightshade 
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  Epilobium angustifolium  fireweed 
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TABLE III.3 (continued). List of vascular plants found in study area. 

 Scientific Name  Common Name 

 Araliaceae 
  Aralia nudicaulis  wild sarsaparilla 
 Apiaceae 
  Osmorhiza depauperata  sweet cicely  
 Cornaceae 
  Cornus canadensis  bunchberry 
  Cornus stolonifera  dogwood 
 Pyrolaceae  
  Moneses uniflora  one-flowered wintergreen 
  Orthilia secunda  one-sided wintergreen 
  Pyrola asarifolia  common pink wintergreen  
  Pyrola chlorantha  greenish-flowered wintergreen 
  Pyrola elliptica  white wintergreen     
 Ericaceae 
  Arctostaphylos uva-ursi  common bearberry  
  Ledum groenlandicum  common Labrador tea  
  Vaccinium caespitosum  dwarf bilberry  
  Vaccinium myrtilloides  blueberry 
  Vaccinium vitis-idaea  bog cranberry 
 Primulaceae 
  Trientalis borealis  star-flower 
 Apocynaceae 
  Apocynum androsaemifolium  spreading dogbane 
 Boraginaceae 
  Mertensia paniculata  tall mertensia 
 Lamiaceae 
  Scutellaria galericulata  skullcap 
 Scrophulariaceae 
  Castilleja miniata  common red paint-brush 
 Rubiaceae 
  Galium boreale  northern bedstraw 
  Galium triflorum  sweet-scented bedstraw 
 Caprifoliaceae 
  Linnaea borealis  twin-flower 
  Lonicera dioica  twining honeysuckle 
  Lonicera involucrata  bracted honeysuckle 
  Symphoricarpos albus  snowberry 
  Viburnum edule  low-bush cranberry 
 Campanulaceae 
  Campanula rotundifolia  harebell 
 Asteraceae 
  Achillea millefolium  common yarrow 
  Aster ciliolatus  Lindley's aster 
  Aster conspicuus  showy aster 
  Aster laevis  smooth aster 
  Aster puniceus  purple-stemmed aster 
  Petasites palmatus  palmate-leaved coltsfoot 
  Petasites sagittatus  arrow-leaved coltsfoot 
  Petasites vitifolius   
  Solidago canadensis  Canada goldenrod 
  Solidago gigantea   
  Taraxacum officinale  common dandelion 

Vascular plant systematics based on: 
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Moss, E.H. 1983. Flora of Alberta. A manual of flowering plants, conifers, ferns and fern allies found growing without 

cultivation in the province of Alberta, Canada. 2nd edition. Revised by Packer, J.G. University of Toronto Press, Toronto, ON. 
TABLE III.4. List of nonvascular species on study area

*
.  

 

Mosses 

  Amblystegium serpens 

  Amblystegium varium 
  Aulacomnium palustre 
  Brachythecium acuminatum 
  Brachythecium campestre 
  Brachythecium salebrosum 
  Bryohaplocladium microphyllum 
  Campylium chrysophyllum 
  Campylium hispidulum 
  Ceratodon purpureus 
  Climacium dendroides 
  Dicranum flagellare 
  Dicranum fragilifolium 
  Dicranum fuscescens 
  Dicranum polysetum 
  Dicranum undulatum 
  Eurhynchium pulchellum 
  Hylocomium splendens 
  Hypnum vaucheri 
  Oncophorus wahlenbergii 
  Orthotrichum obtusifolium 
  Orthotrichum speciosum    
  Plagiomnium cuspidatum 
  Plagiomnium ellipticum 
  Plagiomnium medium 
  Platydictya jungermannioides 
  Platygyrium repens 
  Pleurozium schreberi 
  Pohlia nutans 
  Polytrichum commune 
  Polytrichum juniperinum 
  Polytrichum strictum 
  Ptilium crista-castrensis 
  Pylaisiella polyantha 
  Sanionia uncinata 
  Tetraphis pellucida 
  Thuidium recognitum 
  Tomenthypnum nitens 
  Tortella tortuosa 
  

Liverworts 

  Anastrophyllum hellerianum 
  Geocalyx graveolens 
  Jamesoniella autumnalis 
  Lophocolea heterophylla 
  Ptilidium pulcherrimum 
  Riccardia multifida 
  Scapania apiculata 
 

 

 

Lichens 

  Arthonia patellulata 
  Caloplaca cerina 
  Caloplaca holocarpa 
  Candelariella vitellina 
  Cetraria pinastri 
  Cladina mitis 
  Cladonia bacillaris 
  Cladonia botrytes 
  Cladonia cenotea 
  Cladonia chlorophaea 
  Cladonia coccifera 
  Cladonia conoicraea 
  Cladonia cornuta 
  Cladonia crispata 
  Cladonia deformis 
  Cladonia fimbriata 
  Cladonia gracilis 
  Cladonia multiformis 
  Cladonia pyxidata 
  Evernia mesomorpha 
  Flavopunctelia flaventor 
  Hypogymnia physodes 
  Lecania dubitans 
  Leptogium saturninum 
  Lobaria pulmonaria 
  Parmelia sulcata 
  Parmeliopsis hyperopta 
  Peltigera apthosa 
  Peltigera canina 
  Peltigera didactyla var. didactyla 
  Peltigera didactyla var. extenuata  
  Peltigera elisabethae 
  Peltigera evansiana 
  Peltigera leucophlebia 
  Peltigera membranacaea 
  Peltigera neckeri 
  Peltigera neopolydactyla 
  Peltigera praetextata 
  Peltigera rufescens 
  Phaeophyscia orbicularis 
  Physcia adscendens  
  Physcia aipolia 
  Ramalina dilacerata 
  Usnea spp. 
  Xanthoria elegans 
  Xanthoria fallax 
  Xanthoria polycarpa 
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TABLE III.4 (continued). This list is an incomplete inventory of fungi species found in the general study area. 

 

Fungi 

Basidiomycetes 
Aphyllophorales (polypores, crusts, coral, teeth)  

  Bjerkandera adjusta 
  Clavicorona pyxidata 
  Fomes fomentarius 
  Ganoderma applanatum  
  Hyphodermella corrugata 
  Peniophora rufa 
  Phellinus sp. 
  Phellinus tremulae 
  Plicaturopsis crispa 
  Schizophyllum commune 
  Trametes hirsuta 
  Trichaptum abietinum 
  Trichaptum biformis 
  
 Agaricales (gilled mushrooms) 
  Armillaria mellea 
  Collybia confluens 
  Coprinus micaceus 
  Crepidotus mollis 
  Hypsizygus marmoreus 
  Omphalina ericetorum 
  Pholiota mutabilis 
  Phyllotopsis nidulans 
  Pleurotus ostreatus 
  Psathyrella sp. 
  Russula paludosa 
  
 Lycoperdales (puff balls) 
  Lycoperdon perlatum 
  
 Tremellales (jelly fungi) 
  Tremella mesenterica 
 
Ascomycetes 
  Bisporella citrina 
  Chlorociboria aeruginascens 
  Cyathicula sp. 
  Hypomyces tremellicola 
  Hypoxylon multiforme 
  Pseudorhizina sphaerospora 
  Scutellinia scutellata 
  Sphaeronaemella helvellae 
 
Myxomycetes (slime molds) 
  Didymium squamulosum 
  Fuligo septica 
  Lamproderma arcyrioides 
  Physarum sp. 
  Stemonitis axifera 
  Stemonitis fusca  
  Trichia decipiens 
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*
Systematics of nonvascular plants based on: 

Abbott, S.P.; Currah, R.S. 1989. The larger cup fungi 
and other Ascomycetes of Alberta. University of 
Alberta, Devonian Botanic Garden, Edmonton, AB. 
96 pp. 

Anderson, L.E.; Crum, H.A.; Buck, W.R. 1990. List of 
the mosses of North America north of Mexico. The 
Bryologist 93:448–499. 

Gilbertson, R.L.; Ryvarden, L. 1986. North American 
Polypores. Fungiflora, Oslo, Norway. 

Goffinet, B.; Hastings, R.I. 1994. The lichen genus 
Peltigera (lichenized Ascomycetes) in Alberta. 
Provincial Museum of Alberta Natural History 
Occasional Paper No. 21. Edmonton, AB. 

Hale, M.C. 1979. How to know the lichens. Wm. C. 
Brown Company Publishers, Dubque, IA. 

Martin, G.W.; Alexopolus, C.J. 1969. The 
Myxomycetes. University of Iowa Press, Iowa City, 
IA.  

Moser, M. 1983. Keys to Agarics and Boleti. R. 
Phillips Publishing. London, U.K. 

Schalkwijk-Barendsen, H.M.E. 1991. Mushrooms of 
western Canada. Lone Pine Publishing. Edmonton, 
AB. 

Stotler, R.; Crandall-Stotler, B. 1977. A checklist of 
the liverworts and hornworts of North America. The 
Bryologist 80:405–428. 
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IV. STAND MAPS 

Young Stand #1 

 
Entrance to this stand is obtained from Athabasca East Road. All site distance measurements were made 
from the X (55°04'46" N, 112°50'02" W). 
 
 
Site 1 360 m south; 140 m west 

 Site 2 420 m south; 180 m east 
 Site 3 600 m south; 440 m east; 180 m north 
 Site 4 240 m south; 200 m east 
 Site 5 120 m south; 100 m west 
 Site 6 380 m east; 120 m south 
  

Aerial Photo Description: Mapsheet 83P; Latitude 55°05'; Scale 1:20,000; Date 90/09/21; Project 
Number 90–133; Roll AS-4107; Print Number 174 
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Young Stand #2 
 

 
 
Entrance to this stand is obtained from Athabasca East Road. All site distance measurements were made 
from the X (55°02'26" N, 112°42'38" W). 
 
 
Site 1 2400 m west; 100 m south 

 Site 2 240 m south; 120 m east 
 Site 3 140 m south; 110 m east 
 Site 4 440 m north; 340 m west; 120 m north 
 Site 5 440 m north; 110 m west; 140 m north 
 Site 6 440 m north; 340 m west; 300 m northwest 
  

Aerial Photo Description: Mapsheet 83P; Latitude 55°00'; Scale 1:20,000; Date 90/09/07; Project 
Number 90–133; Roll AS-4107; Print Number 109 



 

 313 

Young Stand #3 
 

 
 
Entrance to this stand is obtained from Athabasca East Road. Sites 1 and 2 distance measurements were 
made from the X (55°03'22" N, 112°46'44" W). Sites 3,4,5,6, were made from the XX (55°04'47" N, 
112°48'15" W). 
 
Site 1 1160 m west, 180 m north 

 Site 2 780 m west, 220 m northwest 
 Site 3 1240 m south, 400 m southeast 
 Site 4 1240 m south 
 Site 5 1100 m south; 120 m west 
 Site 6 1100 m south; 120 m west; 160 m northwest 
  

Aerial Photo Description: Mapsheet 83P; Latitude 55°05'; Scale 1:20,000; Date 89/07/15; Project 
Number 90–133; Roll AS-4120; Print Number 055 
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Young Stand #4 
 

 
 
Entrance to this stand is obtained from Athabasca East Road. Distance from Athabasca East Road to the 
X is 1100 m. All site distance measurements were made from the X (55°05'02" N, 112°51'43" W). 
 
Site 1 340 m east; 240 m north 

 Site 2 340 m east; 740 m north 
 Site 3 340 m east; 1140 m north 
 Site 4 960 m north; 290 m southeast 
 Site 5 1140 m north; 300 m southeast 
 Site 6 1540 m north; 120 m southeast 
  

Aerial Photo Description: Mapsheet 83P; Latitude 55°05'; Scale 1:20,000; Date 90/09/21; Project 
Number 90–133; Roll AS-4107; Print Number 174 
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Mature Stand #1 
 
 

 
 
Entrance to this stand is obtained from Heart Lake Road. Site distance measurements were made from the 
X (54°59'48" N, 111°37'02" W). 
 
Site 1 900 m southwest; 1850 m south; 600 m southeast 

 Site 2 900 m southwest; 1400 m south; 800 m west; 110 m southwest 
 Site 3 900 m southwest; 1400 m south; 700 m west; 100 m north 
 Site 4 900 m southwest; 1400 m south; 500 m west; 110 m north 
 Site 5 900 m southwest; 1150 m south; 190 m west 
 Site 6 2000 m southwest; 140 m southeast 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°58'; Scale 1:40,000; Date 89/07/15; Project 
Number 89–176; Roll AS-3903; Print Number 218 
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Mature Stand #2 
 

 
 
Entrance to this stand is obtained from Touchwood Lake Road. Distance from Touchwood Lake Road to 
the X is 3800 m. Site distance measurements were made from the X (54°52'00" N, 111° 29' 29" W).  
 
Site 1 900 m west; 380 m south; 130 m west 

 Site 2 900 m west; 240 m north; 240 m east 
 Site 3 500 m west; 110 m south 
 Site 4 900 m west; 400 m north; 220 m west; 110 m south 
 Site 5 900 m west; 400 m north; 220 m west; 130 m north 
 Site 6 900 m west; 400 m north; 380 m west; 330 m north 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°45'; Scale 1:30,000; Date 90/05/20; Project 
Number 90–001; Roll AS-3986; Print Number 211 
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Mature Stand #3 

 

 
 
Entrance to this stand is obtained from Touchwood Lake Road. Site distance measurements were made 
from the X (54°51'09" N, 111°38'36" W).  
 
Site 1 760 m south; 1760 m southeast; 640 m southwest; 110 m southeast 

 Site 2 1800 m south; 110 m east 
 Site 3 760 m south; 720 m southeast; 180 m southwest 
 Site 4 760 m south; 800 m southeast; 110 m northeast 
 Site 5 1200 m south; 120 m east 
 Site 6 760 m south; 420 m southeast; 600 m east; 310 m north 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°45'; Scale 1:30,000; Date 90/05/20; Project 
Number 90–001; Roll AS-3986; Print Number 207 
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Mature Stand #4 

 

 
 
 
Entrance to this stand is obtained from Heart Lake Road. Site distance measurements were made from the 
X (54°59'27" N, 111°35'51" W).  
 
Site 1 2900 m southwest; 1400 m south; 200 m west; 400 m south 

 Site 2 2900 m southwest; 1350 m south; 450 m west 

 Site 3 4300 m southwest; 350 m southeast 

 Site 4 2900 m southwest; 1350 m south; 450 m west; 200 m northwest 

 Site 5 4150 m southwest; 150 m southeast 

 Site 6 3900 m southwest; 110 m southeast 

  
Aerial Photo Description: Mapsheet 73L; Latitude 54°58'; Scale 1:40,000; Date 89/07/15; Project 
Number 89–176; Roll AS-3903; Print Number 218 
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Old Stand #1 
 

 
 
Entrance to this stand is obtained from the Touchwood Lake Road at the same entrance as O-2. Go 2200 
m south, 3000 m east, 1060 m south. This will bring you to the wellsite (marked as an X on the map. All 
site measurements were made from the X (54°50'19" N, 111°32'48" W). 
 
Site 1 500 m south; 630 m west; 300 m south 

 Site 2 500 m south; 380 m west; 320 m south 
 Site 3 500 m south; 960 m west; 140 m south 
 Site 4 1100 m west; 150 m north 
 Site 5 700 m west; 150 m north  
 Site 6 500 m west; 180 m north 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°45'; Scale 1:30,000; Date 90/05/20; Project 
Number 90–001; Roll AS-3986; Print Number 196 
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Old Stand #2 

 

 
 
Entrance to this stand is obtained from Touchwood Lake Road. Site distance measurements were made 
from the X (54°51'26" N, 111°35'43" W). 
 
Site 1 2200 m south; 600 m west; 260 m north 

 Site 2 2200 m south; 380 m west; 260 m north 
 Site 3 1460 m south; 400 m east; 160 m south 
 Site 4 1460 m south; 260 m east; 110 m north 
 Site 5 1240 m south; 110 m west 
 Site 6 1240 m south; 140 m east 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°45'; Scale 1:30,000; Date 90/05/20; Project 
Number 90–001; Roll AS-3986; Print Number 207  
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Old Stand #3 

 

 
 
Entrance to this stand is obtained from Touchwood Lake Road. Site distance measurements were made 
from the X (54°53'24" N, 111°23"56" W).  
 
Site 1 760 m west; 480 m south 

 Site 2 760 m west; 320 m south 
 Site 3 1360 m west; 110 m north 
 Site 4 760 m west; 110 m north 
 Site 5 600 m west; 110 m north 
 Site 6 1200 m west; 1140 m north; 440 m east; 220 m south 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°52'; Scale 1:40,000; Date 89/07/15; Project 
Number 89–176; Roll AS-3903; Print Number 144 
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Old Stand #4 

 

 
 
Entrance to this stand is obtained from Touchwood Lake Road. Site distance measurements were made 
from the X (54°45'50" N, 111°26'12" W).  
 
Site 1 1300 m southwest; 2100 m southeast; 800 m south; 330 m west 

 Site 2 1300 m southwest; 2100 m southeast; 420 m south; 210 m west 
 Site 3 1300 m southwest; 2100 m southeast; 180 m south; 100 m west 
 Site 4 1300 m southwest; 540 m southeast; 220 m northeast 
 Site 5 1260 m southwest; 120 m south 
 Site 6 960 m southwest; 390 m northwest 
  

Aerial Photo Description: Mapsheet 73L; Latitude 54°45'; Scale 1:30,000; Date 90/05/20; Project 
Number 90–001; Roll AS-3986; Print Number 211 
 


