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Abstract

Vegetation development was described forty-five years after clearcutting of Pinus
contorta Dougl. ex Loud, in the Upper Boreal-Cordilleran ecoregion of west-central
Alberta.

Understory species composition and abundance in 143 clearcut stands were

analysed in relation to stand age, and to crown cover as measured by densiometer.
Twenty-four stands were used to describe the native vegetation.

The most abundant

species were common to both clearcut and native stands, and the vegetation of older
clearcut stands approximated that of native stands.

Although early serai species

abundance was not strongly related to increasing crown cover and stand age, later serai
species abundance increased.

Time- and crown cover-based models of vegetation

development were presented and incorporated elements from existing physiognomic and
successional models. It is proposed that crown cover could be manipulated to reach
management objectives related to wildlife habitat or landscape reclamation.
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1
C H A P T E R ONE: INTRODUCTION

Background and rationale
Secondary vegetation succession is a dynamic process that is initiated by
allogenic influences. The removal of the tree overstory during forest clearcutting makes
light, soil moisture, and nutrients more available for species that are present following the
disturbance (Keenan and Kimmins 1993).

In addition to newly established species,

residual plants typically experience maximum growth during the first few years after
disturbance and compositional changes tend to occur rapidly (Corns and L a R o i 1976;
Schoonmaker and McKee 1988; Halpern 1989).
As disturbed vegetation develops to form more mature communities composed of
later serai plants, species abundance and richness are affected by autogenic processes and
interspecific competition for resources (Connell and Slatyer 1977; Halpern 1989).
Species that are tolerant of decreasing resource availability, such as photosynthetically
active radiation, w i l l outlast many early serai or colonizing species that may dominate
following disturbance (Barbour et al. 1980, p. 225), particularly in forest ecosystems.
Although later serai species can be present during the early stages of plant community
development (Corns and L a R o i 1976), they may not develop to typical, middle or later
serai abundance levels until understory micro-environmental conditions change or
competition decreases with stand maturity (Connell and Slatyer 1977).
Forest overstory removal by clearcutting is followed often by site preparation
(e.g., disking, mounding, trenching) in order to improve growing conditions for desired
crop tree species.

The nature and intensity of site preparation can affect vegetation
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composition in the early stages of secondary succession. Further, the magnitude of
change in vegetation composition is related to the degree of soil disturbance (Halpern
1988), as non-native species invasion and indigenous species extirpation are possible
outcomes of intensive site treatments (Haeussler et al. 1999). Although species with
shallow rooting zones can suffer following site treatment (De Grandpre et al. 2000),
certain species may benefit or be unaffected by intermediate levels of disturbance.
Lodgepole pine {Pinus contorta Dougl. ex Loud.) growth can improve with increased site
treatment severity, but overall plant community composition can be preserved i f levels of
mechanical site treatment are moderate or low (Haeussler et al. 1999).
Over time, variables such as site conditions and crown cover can influence the
timing and the mechanisms of species replacement in succession. Long-term changes in
species composition and abundance can occur gradually compared with rapid changes
following disturbance (Halpern 1989). Increasing crown cover has been associated with
a decrease in understory diversity and productivity, as fewer species may be tolerant of
decreasing light levels (Schoonmaker and McKee 1988; Haeussler et al. 1999; Chipman
and Johnson 2002). In the Lower Boreal-Cordilleran ecoregion of Alberta, Corns and L a
Roi (1976) also noted that clearcut stands had higher richness and a more even
distribution of abundance among species (i.e., low dominance concentration) than did
mature stands. If the invasion of new species is limited, species richness can be similar in
both pre- and post-disturbance sites (Blair and Brunett 1976). On reclaimed sites in the
Coal Valley Mine, Alberta, Strong (2000) observed that a Lodgepole Pine/Aster stand
with a dense overstory had accelerated understory development compared with more
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open stands of comparable age. Therefore, he postulated that shading had a major role
in the accelerated naturalization of the vegetation.
Some general patterns of stand development following disturbance are consistent
among many studies; however, individual species dynamics are typically site-specific
(Halpern 1989).

For this reason, it may be difficult to predict plant responses to

disturbances, such as clearcutting, at the stand or community level. The Umitations of
existing succession models may be more pronounced when considering understory
composition compared with dominant overstory species. Because understory vegetation
is more strongly correlated with mesosite rather than macrosite conditions, different
understory-types can exist under a common forest canopy type (McCune and Antos
1981).

Therefore, describing successional changes beyond general patterns of stand

structure and overstory composition changes, species invasion and local extirpation, and
competition requires detailed information about understory vegetation dynamics over
time.

Research hypothesis
The purpose of this study is to document vegetation composition and abundance
changes in serai lodgepole pine stands during the first 45 years after forest clearcutting,
and to evaluate changes in the understory vegetation with respect to crown cover. The
study also will explore the application of the results to forest and wildlife resource
management.

Clearcuts provide an opportunity to evaluate the relationship between

over- and understory vegetation because such sites are replanted homogeneously. The
research hypothesis is:
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The abundance {rate of recruitment) of later serai understory species, as
measured by percent cover, will increase substantially when crown cover
in clearcut pioneer serai lodgepole pine (Pinus contorta Dougl. ex Loud.)
stands exceeds 50 percent.

Species composition of disturbed stands may eventually approximate the native,
stable predecessor (Halpern 1989). Therefore, later serai species are defined as having
higher abundance among native stands when compared with the disturbed vegetation. A n
increase in later serai species abundance is deemed to be substantial if cover increases at
a greater rate when crown cover exceeds 50 percent.

It is postulated that later serai

species cover will increase at a greater rate prior to crown closure (~60 percent crown
cover).
A climax vegetation type, or equilibrium, may never be achieved when the
landscape is disturbed regularly, and therefore, it is the path towards a potentially stable
state that may be most important when attempting to understand the ecology of the boreal
forest. This especially is true for serai lodgepole pine stands in the foothills of westcentral Alberta that historically were disturbed by fire and where commercial logging
now is prevalent. Plant biodiversity in the area is dynamic because of differential species
responses to disturbances. A s a result, long-term patterns of vegetation composition in
these serai stands have implications for wildlife habitat quality and availability, and
species abundance and diversity.

5
Applications
Increasing the body of knowledge concerning the relationship between crown
cover and forest community understory development in replanted clearcuts may have
important and practical applications.

Although the influence of crown cover on

understory vegetation may be comparable to the effect of stand age, only crown cover
can be manipulated to create or maintain favorable conditions for more valuable wildlife
forage and browse species, or to efficiently reclaim disturbed sites. Either stand thinning
to reduce crown cover, or planting at a density to achieve greater crown cover, could be
useful forest management techniques.
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C H A P T E R TWO: STUDY A R E A

The study area is located approximately 20 km south-southeast of Hinton, Alberta
(Figure 1). The area occurs entirely within the Weldwood Canada (Hinton Division)
Forest Management Area. Ecologically, this area is part of the Upper Boreal-Cordilleran
ecoregion (Strong 1992), or Upper Foothills natural region (Alberta Recreation and Parks
1986). The climate in the region is continental subhumid (i.e., 'Dfc') under the Koppen
classification system (Strahler and Strahler 1993, p. 156). The mean temperature in the
summer is 11.5°C. There are <800 growing degree days with a 75 to 90 day frost-free
0

period. The mean winter temperature is - 6 . 0 C Annual precipitation averages 540 mm,
with the majority occurring from June through August (Strong 1992). Although regional
elevations control temperatures, topographical effects can produce local variations.
The area is part of the Rocky Mountain Foothills physiographic region. Bedrock
geology of this region is dominated by sandstone, shale, coal, and carbonate deposits
from Cretaceous, Jurassic, and Triassic formations (Pettapiece 1986). Steeply sloping
ridges run parallel to the Rocky Mountains and gently to strongly rolling terrain (5-30%
slopes) is common between ridges (Dumanski et al. 1972).

Morainal till deposits,

approximately 60 cm deep, blanket the region. Elevation ranges from 1,200 to 1,800 m.
Medium-textured Gray Luvisols and a mixture of Eutric and Dystric Brunisols
have developed in Cordilleran glacial tills.

Luvisohc soils are differentiated from

Brunisols because of the presence of a Bt horizon in the former soils. Chemical tests of
the B horizon differentiate Eutric (pH>5.5) from Dystric (<5.5) Brunisols (Soil
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Classification Working Group 1998).

In the immediate study area, Brunisolic Gray

Luvisols are the dominant soil subgroup (Brierley 1984), and belong to the Robb
association (Dumanski et al. 1972). These moderately well to imperfectly drained soils
are exclusive to a N W - S E trending belt in the Foothills physiographic division of the
area. Surface horizon textures are commonly sandy loam to loam, and subsoil horizons
are clay loam to silty clay loam. Soils are moderately to very stony, with either sandstone
or shale lithology (Dumanski et al. 1972).
The Upper Boreal-Cordilleran ecoregion is an ecological transition zone, that
occurs between the mixedwood forests of the Lower Boreal-Cordilleran ecoregion to the
east, and the coniferous forests of the Subalpine ecoregion that occur at higher elevations
to the west (Robertson et al. 1984; Strong 1992). Lodgepole pine is the dominant stable
serai tree species and secondary tree species include white spruce (Picea glauca
(Moench) Voss), subalpine fir (Abies lasiocarpa (Hook.) Nutt.) and black spruce (Picea
mariana (Mill.) BSP.). On well to moderately well drained upland sites, white spruce
and black spruce are the climatic climax species, with black spruce being more common
(Strong 2002).
drainage.

Black spruce also tends to dominate on sites with imperfect to poor

Characteristic species on upland sites in the area include green alder (Alnus

viridis (Vili.) Lam. & D C ) , prickly rose (Rosa acicularis Lindi.), Labrador tea (Ledum
groenlandicum

Oeder), twinflower (Linnaea borealis L.), hairy wild rye (Leymus

innovatus (Beai) Pilger), and feathermosses (Hylocomium splendens (Hedw.) Schimp. in
B.S.G., Pleurozium schreberi (Brid.) Mitt., Ptilium crista-castrensis (Hedw.) De Not.)
(Robertson et al. 1984; Strong 1999). Lodgepole Pine-Black Spruce/Labrador Tea (UF
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di), Lodgepole Pine/Hairy Wild Rye (UF c l ) , and Lodgepole Pine/Tall Bilberry/Arnica
(UF el) are common types of upland vegetation in this ecoregion (Beckingham et al.
1996). These plant communities typically have submesic to mesic moisture regimes and
poor to medium nutrient conditions.
Historically, wildfires have been the primary disturbance factor in the region
(Andisen 2000).

Most stands in the general area originated from fires that occurred

between 1870 and 1890, and burned approximately half of the region.

Smaller fires

occasionally occur; the Gregg River fire in 1997 consumed about 2800 ha of forested
land (Alberta Sustainable Resource Development 2002). Fire suppression efforts have
increased since 1954 as commercial forestry became more widespread (Bott et al. 2003).
Approximately 38 percent of the forested land in the study area has been clearcut.
Weldwood of Canada Limited (Hinton Division) presently manages logging and related
activities in the study area, and sites typically are planted with lodgepole pine within one
year of cutting (L. Bergeron, Weldwood Canada Limited, pers. comm.). Site treatments
have included disk trenching or drag scarification to create more favorable microsites for
crop seedling planting (Bott et al. 2003).
Although forestry is the primary industry in the region, mining and tourism are
also important. The Luscar, Coal Valley, and Gregg River mines occur to the south of
the study area. The two former mines have operated since the early 1900s (Bott et al.
2003).

The area is also popular with hunters and anglers and is used for camping,

picnicking, all-terrain vehicle recreation, and snowmobiling.
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C H A P T E R T H R E E : METHODS

Field methods
Pre-field site stratification and selection
Clearcut lodgepole pine stands were stratified into five-year age classes.

Age

initially was used as a proxy for crown cover because cover data were not available.
Weldwood Canada Ltd. cut history and Alberta Vegetation Inventory data were used to
develop a preliminary pool of suitable cutblocks for sampling.

A l l suitable and

accessible cutblocks were visited over the course of the study, and included more than
125 locations.
A chronosequence of clearcut lodgepole pine stands was used to represent
changing stages of successional development (sensu Oosting and Billings 1942). This
approach is an efficient method of analysis in the absence of long-term data from
repeatedly sampled, permanent plots. Because it is often difficult to determine causality
in the context of succession i f site conditions are inconsistent among sites (Dyrness 1973,
Halpern 1989), as many site variables as possible were standardized among the sampled
sites. A l l sampled sites possessed the following characteristics:
•

lodgepole pine planted;

•

slope of 0-7 percent;

•

aspect between 45 and 315 degrees;

•

mesic/submesic moisture regime (Beckingham et al. 1996, pp. 16-12 and 16-13);

•

medium-textured soils;
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•

Gray Luvisols and similar soils (Soil Classification Working Group 1998); and

•

disease and pest free, with no sign of thinning.
Clearcut stand ages were limited to 45 years in order that late successional

mechanisms such as gap creation in the canopy were not a consideration. These openings
could potentially alter light conditions in the understory.

Stands that met the above

criteria were chosen arbitrarily for sampling. Sites were neither selected nor rejected
based on post-harvest site treatment. Up to 15 stands were sampled in each age class.

Site assessment
Site conditions within each stand were reviewed prior to vegetation sampling to
ensure that they met the established criteria. A soil pit was located near the 1-m position
along the vegetation sampling transect (Figure 2). In cases where slash piles or dead tree
roots prevented this, the soil pit was dug as close to the 1-m mark as possible. Each pit
was excavated to a depth of at least 40 cm in order to assess the occurrence of distinct or
prominent mottles, which are critical to the assessment of soil drainage (National Soil
Survey Committee 1974, pp. 220-221) and moisture regime. Mesic and submesic sites
are not associated with prominent mottles, because soil moisture is not present for long
periods of time (Strong and Carnell 1996). Where possible, humus form was identified
based on provincially accepted criteria (Beckingham et al. 1996, p. 16-3). In many cases,
humus identification was difficult as the litter layer and topsoil were disturbed
substantially by forest harvesting or site treatments.

Soil horizon depth, texture, and

color, and root and coarse fragment abundances were noted. Color identification was
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Figure 2. Sampling transect layout and diagrams of quadrat and point-centered quarter
sampling methods.
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based on Munsell Soil Color charts, and texture was determined by hand (Beckingham
3

et al. 1996, p. 16-7). For more complete soil description, five 1-m pits were assessed at
representative locations throughout the study area. The characteristic slope and aspect of
the sampling site were measured using a clinometer and compass, and slope position
(crest, upper slope, middle slope, lower slope, and level) and surface expression (inclined,
undulating, and level) were determined as described by Luttmerding et al. (1990). The
location of all sampling sites was deterrnined using a hand-held global positioning
system.

Vegetation sampling
A random sampling pattern was used to locate two 50-m vegetation transects per
cutblock. Each transect was located a minimum of 100 m from the edge of the block,
from the SE and SW corners towards the perceived center. Transects were located at
least 200 m apart, and were treated as separate entities because crown cover and site
conditions commonly varied between the locations.

In some instances, the transect

location was adjusted to avoid sampling through atypical terrain or cover types, areas
with severe scarification, compaction, or excess slash. The transect became the mid-line
of a 50-m x 20-m macroplot in which all data was collected (Figure 2).
The point-centered quarter method (Mueller-Dombois and Ellenberg 1974, p.
110) was used to gather tree data at 10 m intervals from the 10-m to the 40-m locations
along each transect (Figure 2). A t each sampling point, the closest tree or tree-like shrub
in each quadrant that represented the canopy of the stand was measured. For this reason,
a minimum tree height requirement was defined for each macroplot in order that the
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point-centered quarter method was used to sample representative trees and tree-like
shrubs where a forest canopy was lacking (i.e., trees >3 m tall). Shrubs such as Salix spp.
and Alnus viridis were included in the point-centered quarter sampling when these species
contributed to the overall crown cover.
The species, breast height diameter (1.3 m), height, crown width, and distance
from the sampling point were recorded for the closest individual tree or tree-like shrub in
each of the four point-centered quarter quadrants.

Where branch overlap between

adjacent trees or tree height (>10 m) compromised crown measurements, several
representative trees outside the point-centered quarters were measured to calculate
average values for the plot. Crown width was defined as the average of two crown
diameter measurements for each tree; one measurement taken parallel to the transect, the
other in a perpendicular direction. These measurements were converted to percent cover
using a calculated mean crown area and stem density values. Tree heights were measured
with a 2-m stick. When required, tree heights (>4 m) were measured with a clinometer.
Additionally, concave densiometer (Lemon 1957) readings of crown cover were taken at
each sampling point while facing the starting point of the transect. The densiometer was
held at a height of 95 cm for all readings. A n increment bore was used to determine the
ages of representative trees in the plot and core samples were taken at stump height (i.e.,
30 cm). When small tree sizes prevented the use of an increment bore, stand age was
estimated by counting branch whorls (one whorl/year) and then verified using cut history
data. Upon completion of the point-centered quarter sampling, percent cover for plants
>3 m tall was assessed in a 50-m x 20-m macroplot (Figure 2). This was accomplished
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by estimating cover by species in 5-m increments, while pacing the 50 m edges of the
macroplot at a distance of 10 m on either side of the transect.
To sample understory vegetation (<1 m tall), the bottom-left corner of a 1-m x 1m quadrat was placed at 5-m intervals from the 10-m to the 30-m locations along each
transect (Figure 2). Percent cover for all species was visually estimated and recorded.
Percent cover values for mosses and lichens were collected in two 25-cm x 25-cm
quadrats placed in opposite corners of each 1-m x 1-m quadrat. A 2-m x 2-m quadrat was
placed around the 1-m x 1-m quadrat to determine cover of plants between 1 and 3 m tall,
and to assess cover of tall coniferous and deciduous shrub growth-forms. The 1-m x 1-m
quadrat also was used to assess total percent cover of selected growth-forms <1 m tall
(low coniferous, deciduous, and ericaceous shrubs; forbs; graminoids; mosses; and
lichens), and to estimate the percent occurrence of fine litter, coarse woody debris, and
exposed mineral soil or rock. Fine litter was defined as organic matter and wood <2 cm
in diameter, whereas coarse woody debris was downed wood >2 cm in diameter.
Native or unlogged mature lodgepole pine stands were sampled using the same
field sampling protocols as applied to clearcut stands. Data from these stands was pooled
with relevé data from the Coal Branch biogeochmatic study (Robertson et al. 1984) to
create a benchmark for classifying understory plants as early or later serai species.
Native stands were included i f they met the site criteria established for the clearcut
stands.
To assess species abundance variability within crown cover classes, evenness (E')
and dorninancy concentration (Dw) were calculated according to methods described by
Carmargo (1993) and Strong (2002), respectively. These indices were chosen because
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they are not correlated with species richness, compared with other commonly used
indices (i.e., Simpson's index and Pielou's J ' index) (Strong 2002). Both E ' and D w
range from 0 to 1 and are inversely related; a D w value of 1 implies total dominance of
the vegetation by one species. A F O R T R A N software program was used (written by W . L
Strong, Faculty of Environmental Design, University of Calgary) to determine evenness
values because of the large volume of involved calculations.
Seasonal forage availability was assessed for elk, moose, and mule deer using
preference ratings from Cook (2002), Strong and Gates (2004), and Kufeld (1973),
respectively (Table 1). Preference ratings ranged from 0 (no preference) to 3 (highly
preferred) and were determined for summer and winter. A relative forage suitability
index value for each wildlife species was calculated using the formula: FI = X(i? * C ) ,
where R represents species preference rating and C is percent cover for the z'th species.
Average forage preference indices (PI) were calculated by dividing FI by the total cover
of the rated species. Winter estimates are considered to be approximations because cover
values, rather than browse densities, were used for the calculations. It was assumed that
cover and browse density were related proportionately.
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Table 1. Relative preference ratings of forage species for mule deer, elk, and moose by
season. Values range from 0 (not preferred) to 3 (highly preferred).
Plant species"

Achillea millefolium L.
Alnus viridis (Vili.) Lam. & DC.
Antennaria parviflora Nutt.
Antennaria rosea Greene
Arctostaphylos uva-ursi (L) Spreng.
Arnica cordifolia Hook
Betula nana L.
Calamagrostis canadensis (Michx.)
Beauv.
Canadanthus modes tus (Lindi.) Nesom.
Carex spp.
Castilleja miniata Dougl. ex Hook
Chamerion angustifolium (L.) Holub.
Cornus canadensis L.
Equisetum spp.
Erigeron spp.
Eurybia conspicua (Lindi.) Nesom.
Festuca ovina L.
Festuca saximontana Rydb.
Fragaria virginiana Duchesne
Galium boreale L.
Geranium spp.
Hedysarum spp.
Heracleum maximum Bartr.
Juniperus communis L.
Lathyrus ochroleucus Hook
Linnaea borealis L.
Lonicera involucrata Banks ex Spreng.
Luzula parviflora (Ehrh.) Desr.
Menziesia ferruginea Sm.
Mertensia paniculata (Ait.) G. Don.
Phleum pratense L.
Picea spp.
Pinus contorta Dougl. ex Loud.
Poa spp.
Populus tremuloides Michx.
Pyrola spp.

Relative Preference Rating
Mule Deer
Elk
Moose
Summer Winter Summer Winter Summer Winter
1.0

1.0

-

-

0

1.0

0.6

1.2

1.0
0
0
2.0
1.0

1.0
2.0
2.0
2.0
2.0

-

-

-

0

1.0

-

-

0.5

0.5

-

-

-

1.5

2.5

1.0
2.0
1.0
2.0

0
1.0
0
0

-

-

1.0
1.0

1.0
0
-

-

-

-

-

1.9

2.0

-

-

-

3.0
0
1.0
0

2.0
1.5

-

-

1.5
1.0
1.5
0
1.5

0
0
0
1.0
0

1.0
1.0

-

-

3.0

0

-

-

-

-

0
3.0
0
2.0
0
2.0
2.0
2.0

2.0
0
1.0
0
2.0
0
0
0

1.0
0
2.0
0
2.0

0
1.0
1.0
0
2.0

-

1.0
1.0
2.0

-

-

-

2.0
1.0
1.0
1.5

1.0
1.0

1.0
0
2.0

-

-

-

2.0
3.0
1.2
0
0
1.7
1.7
0

0
0
2.0
1.0
1.5
1.9
2.3
3.0

-

-

-

-

-

-

1.2

1.0

-

-

0

0

0

-

-

2.5

1.6

-

-

-
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Table 1. Concluded.
Plant species*

Ribes glandulosum Graver
Rosa acicularis Lindi.
Rubus idaeus L.
Salix spp.
Sambucus racemosa L.
Senecio spp.
Shepherdia canadensis (L.) Nutt.
Solidago spp.
Spirea betulifolia Pallas
Taraxacum officinale Weber
Trifolium spp.
Trisetum spicatum (L.) Richter
Vaccinium membranaceum Dougl. ex
Hook
Viburnum edule Raf.
Vicia americana Muhl. ex Willd.
Zigadenus elegans Pursh

Relative Preference Rating
Mule Deer
Elk
Moose
Summer Winter Summer Winter Summer Winter
-

-

1.0

1.0

-

-

2.0
2.0
2.0
1.0
2.0
2.0
2.0
3.0

1.0
0
0
1.0
1.0
1.0
0
0

-

3.0
2.0
1.0
0

3.0
3.0
2.0
1.8
2.5

0
1.0
2.0
2.1
0

-

-

-

1.0
0
0
3.0
2.0
2.0

2.0
1.0
2.0
0
0
0

0
2.0
0
0

3.0
0
2.0
2.0

1.0
0
0
0

-

-

1.0
1.0
2.7

1.0

-

-

-

1.9

-

-

2.0

2.1

-

-

-

Ledum groenlandicum has been identified as a preferred browse species based on
work from the United States (Cook 2002), but was excluded from this study because it is
not generally used by ungulates in Alberta (Dr. C C Gates, Faculty of Environmental
Design, University of Calgary, pers. comm.).
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Vascular plants were identified to species according to Moss (1983). Nonvascular
species also were identified to at least genera based on Vitt et al. (1988) and Brodo et al.
(2001).

Vascular plant, moss, and lichen nomenclature follows Kartesz and Wilson

(1998), Anderson et al. (1990), and Esslinger (1997), respectively.

Quantitative methods
Data analysis
Individual variables initially were evaluated to determine i f they conformed to a
normal statistical distribution. This assessment was based on determination of skewness
and kurtosis. The limits of acceptance were ±0.9 for skewness and -0.4 to +1.8 for
kurtosis (Wetherill 1981). Because the data did not conform to a normal distribution,
Mann-Whitney U-tests were used to make pairwise comparisons, and multiple
comparisons were based on Kruskal-Wallis tests. The Scheffe rank test (Miller 1966, p.
166 - formula 110) based on <*0.05 level was used to identify differences among groups
when probability (P) values from the Kruskal-WaUis test were <0.05. Frequency data
were compared using chi-square goodness of fit tests (SPSS Inc. 2003). For this test,
expected values were calculated as the mean frequency among the tested groups. Classes
were combined when expected values were <3 (Burt and Barber 1996).
Correlation analysis (r = correlation coefficient) was used to determine the
strength of relationships between independent and dependent variables.

Linear

regressions based on untransformed and transformed variables were used primarily for
2

modeling, but non-linear quadratic regressions were used i f the explained variance (r )
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increased by at least 10 percent relative to the equivalent linear model. Stands were
classified according to species composition, using a cluster analysis based on Ward's
Method and Euchdean distance (SPSS Inc. 2003). Clusters were identified when major
differences

in

grouping

error

occurred.

Relationships

among

stands

were

ordinated/graphically displayed using Detrended Correspondence analysis based on
Euclidean distance. Explained variance, or the similarity between the original and the
ordinated data matrices, was calculated using relative Euclidean distance, which was the
recommended method (McCune and Mefford 1999).
Vegetation data were analysed using absolute and relative values.

When

applicable, relative cover for a particular species or growth-form was calculated by
dividing absolute cover by the total understory vegetation cover.

Crown cover analysis
Clearcut stands were organized by crown cover in order to describe vegetation
change and to test the research hypothesis.

However, an evaluation of crown cover

measurement methods was conducted first due to variability among the field results. For
example, the point-centered quarter method appeared to produce some erroneous results,
i.e., 195 percent cover compared to a densiometer reading of 64 percent. To gauge the
accuracy and usefulness of visual estimates, point-centered quarter crown diameter
measurements, and concave densiometer measurements as a basis for estimating percent
crown cover, the different methods were correlated to evaluate the level of agreement.
The visual estimation and densiometer measurement methods were correlated strongly (r
= 0.834, P O . 0 0 1 , n = 143), while the point-centered quarter method was correlated less
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strongly with the other two methods (r = 0.629 and 0.676, respectively, P <0.001). A s a
result of these correlation analyses and upon consideration of the strengths and
weaknesses of each method, the concave densiometer data was selected as being the most
suitable and reliable. Based on concave densiometer measurements, individual plots
were assigned to one of eight crown cover classes. Crown cover classes were created
based on 10 percent increments. The final crown cover class included plots with >71
percent cover, because small sample sizes were associated with the classes above this
value (i.e., n < 8).

Identification of early and later serai species
Working on the assumption that clearcut stands eventually mature to approximate
the native vegetation in terms of species composition and abundance, 24 native stands
and 66 clearcut stands with <30 percent crown cover were used to identify understory
plants that could be considered either later or early serai species. Other clearcut stands
were excluded because they represented intermediate stages of successional development.
The presence of a plant in mature stands did not necessarily mean that it was a later
successional species, as complex ecological conditions determine whether or not a
species survives in a stand to maturity. Therefore, the following criteria were developed
to assist with an objective identification of early and late serai understory species:

a statistically significant (P <0.05) difference in cover between early serai clearcut
and native stands; and
-

present in >20 percent of stands in either group.
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A value of 20 percent constancy was chosen somewhat arbitrarily, but was considered
to be adequate to capture the overall patterns of vegetation development, while reducing
the effects of less abundant, or miscellaneous, species.
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C H A P T E R FOUR: RESULTS

A total of 143 clearcut and 17 native stands were sampled between June 24 and
September 10, 2002.

Data for seven additional native stands were obtained from

Robertson et al. (1984). Clearcut stands were younger than 45 years old, and native
stands ranged in age from 48 to 107 years.

A l l clearcuts were planted with Pinus

contorta. Although natural Pinus contorta and Picea spp. regeneration was observed in
most stands, the former occurred in <30 percent of clearcut stands. Site treatment history
of the clearcut stands was not available, but field observations included signs of disk
trenching. N o evidence of forest harvesting was observed in native stands, however, fire
scars on coarse woody debris and charcoal in the soil indicated that fire had disturbed the
area in the past. None of the vegetation in clearcut stands showed any evidence of
burning more recent than the time of planting.

Site conditions
Topography
The frequency of topographical variables among the sampled sites, by crown
cover class, is summarized in Table 2. Chi-square goodness of fit analyses indicated that
similar topographical conditions occurred among the eight cover classes. One exception
was the greater than expected frequency of sites with level topography in crown cover
class 6 (51-60%). The topography was similar among clearcut and native stands, as more
than 60 percent of the clearcut and half of the native stands occurred on slopes with <3

Table 2. Frequency of plots organized by topographical variable, crown cover classes, and stand type. Cover class frequencies
compared by chi-square goodness of fit.

Variable
Slope (%)
Aspect O

Slope Position

Surface Expression

0-3
4-7
45-135
136-225
226-315
none
crest
upper
middle
lower
level
inclined
undulating
flat

a

b

Clearcut Stand Crown Cover Class
2
3
4
1
5
6
7
(<10%) (11-20%) (21-30%) (31-40%) (41-50%) (51-60%) (61-70%)
7
6
5
29
8
15
14
4
4
6
0
16
5
3
If
9
4
4
[2
[3
1]
4
5
17
6
8
[3
2]
11
1
1
[4
2]
[3
1]
8
7
6
[0
3]
[2
4]
1
8
1
[2
2]
[0
3]
2
9
1
[2
0]
[0
3]
15
4
4
3]
[5
[3
2]
1
7
3
[3
3]
[0
2]
6
IO
6
3]
[2
5]
[1
8
4
6
2
30
8
7
4
10
6
[4
3]
2]
[3
5
6
6
[0
3]
4]
[1
11
10
11
8
45
18
19
c

8
(>71%)
13
8
5
7
3
6
3
5
4
6
3
10
8
3
21

Native
Stands"
15
9
6
7
2
9
3
2
2
2
4
9
2
3
24

P
0.871
0.680
0.992
0.982
0.320
0.543
0.709
0.386
0.830
0.500
0.037
0.635
0.893
0.319

Native stands were not included in the chi-square analysis. Only 14 of 24 native stands were included in the slope position and
surface expression categories, because these data were not given in Robertson et al. (1984).
Brackets indicate frequency values that were combined for chi-square goodness of fit analysis.
Frequency considered to be greater than expected.
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percent gradient, and inclined slopes were represented more frequently than either
undulating slopes or flat sites (Table 2). In clearcut stands, sampling was most frequent
at middle slope positions (75 of 143).

Slope position classes were distributed more

evenly among the native stands.

Soils of native stands
Soils in native stands had a litter-fermentation-humus (LFH) layer with a mean
thickness of 7.0 cm (std. dev. 3.8, n = 24) and this layer was primarily composed of
decaying pine needles and mosses. Humus forms mostly were classified as mors, and the
presence of this humus type was associated with poor to medium nutrient regimes. Mesic
to submesic moisture regimes were common as soils were well- to moderately welldrained, and there were no occurrences of distinct or prominent mottles.

Charcoal

deposits were observed at the surface of the mineral soil in some stands (20%). Native
soils were classified as Brunisohc Gray Luvisols, and Eutric or Dystric Brunisols, based
on Dumanski et al. (1972) and Brierley (1984). The Luvisolic soils were identified most
frequently and had Ae, Bm, and Bt horizon sequences. Gray-colored A e horizons ranged
from 3 to 10 cm thick, and had a fine to medium platy structure with textures dominated
by silt and, less commonly, by fine sand. Reddish brown B m horizons >15 cm thick
were composed of sandy silt, and clay content increased with depth (i.e., Bt horizon).
Both B horizons had a medium-blocky structure. Boundaries between the A e and B m
horizons were clear (2-5 cm thick), with a smooth to wavy form, whereas boundaries
between the B horizons were gradual (5-15 cm thick) (Luttmerding et al. 1990, p. 86).
Coarse tree roots were limited to the upper 10 to 15 cm of the soil, although fine roots
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were observed at depths of 60 cm. Gravel and cobbles up to 10 cm in diameter were
common, and coarse fragments were primarily angular and composed of sandstone.
Rounded fragments were limited to the upper 50 cm of the soil profiles, and unaltered till
deposits occurred at depths of approximately 70 cm. Common parent materials included
tills and glacio-fluvial outwash deposits based on interpretations by Robertson et al.
(1984), and mapping by Pettapiece (1986).

Soils of clearcut stands
The L F H thickness in the clearcut stands averaged 4.7 cm (std. dev.= 3.7, n =
143), which was significantly thinner than in native stands (Mann-Whitney U-test, P
<0.001). The L F H layer was composed of primarily decaying graminoid material. When
present, humus forms were classified as mors, and were separated sharply from the
mineral soil. These soils had mesic moisture and poor to medium nutrient regimes and
no distinct or prominent mottles. Soils in the clearcut stands were classified as Gray
Luvisols and Brunisols based on existing soil mapping and field observations.

The

textures of the rooting zone mineral soil (i.e., upper 10 cm) varied and included: sandy
silt and silt (33% of stands), silty clay or sandy clay (27%), silty loam and loam (17%),
silty sand (15%), and other textures (8%). Fine roots were observed occasionally at
depths up to 50 cm. The Ae horizon had a fine to medium platy structure, and was often
covered by a thin (<1 cm) severely elluviated layer. The B m horizon had a fine to
medium granular structure with silty loam or silty clay loam texture. The structure of the
Bt horizon was medium blocky, dominated by silty clay or sandy clay textures.
Boundaries between all horizons were gradual ( 5 - 1 5 cm).

Sandstone gravels and
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cobbles up to 20 cm in diameter were common in the upper 40 cm of the soil. Based on
Brierley (1984), common parent materials included similar tills to those observed among
native stands.

Abiotic cover in clearcut and native stands
In clearcut stands, mean woody debris cover was greatest (24.1%) in crown cover
class 1 and tended to decrease with increasing crown cover (Table 3). A regression
model indicated that woody debris abundance initially decreased with increasing crown
cover, but increased when crown cover exceeded about 70 percent (Figure 3A). This
increase in cover corresponded with a stand age of approximately 35 years (Figure 3B).
2

Stand age explained more of the variance (r = 0.61) in woody debris abundance than did
2

crown cover (r = 0.50). Woody debris cover averaged 4.4 percent among native stands
(Table 3).

Table 3. Woody debris, fine litter, and rock or soil cover stratified by crown cover class.
Data values are mean percent cover, (standard deviation), Scheffe rank and KruskalWallis test results. Values followed by the same letter do not differ significantly.
Crown Cover Class

Coarse woody debris

Fine litter

Mineral soil /rock

1
2
3
4
5
6
7
8
Native stands"

24.1(14.3)b
13.5(5.2)ab
10.1(5.6)ab
8.9(6.4)ab
5.4(3.7)ab
2.8(3.6)b
4.1(4.2)b
5.0(7.2)b
4.4(3.7)
<0.001

49.6(18.0)a
50.5(18.6)ab
63.4(25.9)ab
59.4(17.2)ab
75.2(15.0)ab
71.1(14.7)0
75.0(12.8)0
76.5(14.2)b
63.6(32.6)
O.001

7.6(10.0)b
3.0(5.l)ab
2.9(5.l)ab
0.5(0.8)ab
0.3(0.4)ab
0.2(0.4)a
0.1(0.5)a
0.3(l.l)a
0.05(0.1)
O.001

P
a

Native stands not included in Kruskal-Wallis tests.
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2

Debris = 25.1291 - 0.6934(CC) + 0.0054(CC )
r = 0.71, P 0.001, S.E.= 8.87
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r= 0.55, P <0.001, S.E.= 16.87
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Figure 3. Scatter diagrams and regression models of abiotic ground cover in relation to
percent crown cover (CC) and stand age among clearcut stands (n = 143 unless noted).
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Fine litter was composed of coniferous needles in native stands, and averaged
63.6 percent cover (Table 3). In clearcut stands, the abundance of fine litter increased
gradually with crown cover and averaged >70 percent in cover classes 5 through 8. Fine
litter was composed of dead moss in the youngest clearcut stands, but included an
increasing proportion of decaying graminoid material, deciduous leaves, and coniferous
needles as stands aged. Fine litter cover increased linearly with crown cover and stand
2

age (Figure 3C and D). Crown cover (r = 0.30) explained the variation in fine litter
2

abundance better than stand age (r = 0.20).
Mineral soil and rock cover decreased with increasing crown cover in clearcut
stands, with a significant decrease occurring when crown cover exceeded 10 percent
(Table 3).

This component averaged <1.0 percent in cover classes 4 through 8, and

among native stands. Regression models using log-transformed cover values indicated
that the abundance of mineral soil and rock was correlated negatively with increasing
2

2

crown cover and age (Figure 3E and F). Crown cover (r = 0.31) and age (r = 0.30)
equally explained the variation in mineral soil and rock cover among clearcut stands.

Plot floristics
A total of 135 vascular and 62 nonvascular species occurred among the 167 clearcut
and native vegetation plots (Table 4, Appendix A ) . Approximately half (i.e., 48%) of the
flora was common to both clearcut and native stands, and included species typical of the
ecoregion, e.g., Leymus innovatus, Cornus canadensis, Ledum groenlandicum,

Linnaea

borealis, Vaccinium caespitosum, Vaccinium vitis-idaea, Hylocomium splendens, and
Pleurozium schreberi. Seventy species occurred exclusively in the clearcut stands

Table 4. Mean percent cover, (standard deviation), and percent constancy values for
species in native and clearcut stands, and results of Mann-Whitney U-test comparisons.
Taxa with >20% constancy in at least one stand type were listed; totals refer to all taxa.
Clearcut Stands Native Stands
Tree stratum (>3m tall)
Abies lasiocarpa (Hook.) Nutt.
Pinus contorta Dougl. ex Loud.
Picea spp."
Populus tremuloides Michx.
Salix spp.
Tall Shrub stratum (l-3m tall)
Picea spp."
Pinus contorta Dougl. ex Loud.
Low Shrub and Herb stratum (<lm tall)
Achillea millefolium L.
Agrostis scabra Willd.
Arnica cordifolia Hook.
Calamagrostis canadensis (Michx.) Beauv.
Carex richardsonii R.Br.
Chamerion angustifolium (L.) Holub.
Cornus canadensis L.
Equisetum sylvaticum L.
Fragaria virginiana Duchesne
Ledum groenlandicum Oeder
Leymus innovatus (Beai) Pilger
Linnaea borealis L.
Listera cordata (L.) R.Br. ex Ait. f.
Lycopodium annotinum L.
Lycopodium complanatum L.
Mertensia paniculata (Ait.) G. Don.
Mitella nuda L.
Orthilia secunda (L.) House
Pedicularis labradorica Wirsing
Petasitesfrigidus (L.) Fries
Pinus contorta Dougl. ex Loud.
Picea spp."
Pyrola asarifolia Michx.
Pyrola chlorantha Sw.
Rosa acicularis Lindi.

P

0.7(1.8)31
24.1(19.6)78
2.7(5.1)62
0.9(2.3)39
1.6(3.4)49

0.4(1.4)17
35.5(12.3)100
12.1(17.0)71
0.8(4.1)4
0

0.134
0.006
0.010
0.002
<0.001

0.7(1.8)27
1.9(3.5)52

0.8(1.6)42
1.9(9.2)4

0.244
<0.001

0.2(0.3)41
0.2(0.6)31
0.5(1.2)52
3.1(6.9)44
0.2(0.7)26
3.1(2.7)94
5.3(6.2)99
0.2(1.0)21
0.2(0.6)34
7.7(10.8)73
3.7(5.9)54
3.3(4.3)87
+(+)1
0.1(0.2)11
+(0.1)1
0.2(1.0)20
0.1(0.5)16
+(0.2)20
0.1(0.3)26
1.1(2.2)60
0.5(1.3)41
0.3(0.9)29
0.2(0.6)20
+(+)1
1.1(2.0)51

+(0.2)4"
+(0.1)4
1.7(4.1)54
0.3(0.9)13
0
1.0(1.6)50
7.6(6.0)96
+(0.2)8
0.2(0.4)25
9.7(11.6)92
4.0(8.1)54
4.3(5.0)100
0.1(0.2)38
1.2(2.1)63
0.5(1.3)21
+(+)4
0.1(0.2)21
0.3(0.4)42
0.1(0.3)17
0.2(0.5)29
0.3(0.5)29
1.4(3.3)38
0.1(0.3)29
0.2(0.4)25
1.2(2.2)50

0.001
0.007
0.116
0.004
0.005
<0.001
0.009
0.142
0.632
0.210
0.891
0.157
<0.001
<0.001
<0.001
0.061
0.633
0.004
0.491
0.005
0.419
0.226
0.404
<0.001
0.926
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Table 4. Concluded.
Clearcut Stands Native Stands

P_

Low Shrub and Herb stratum (<lm tall) continued.
Rubus idaeus L.
0.3(1.1)29
Salix spp.
0.4(1.0)31
Symphyotrichum ciliolatum (Lindi.) A. & D. Love 0.3(0.9)28
Taraxacum officinale G.H. Weber ex Wiggers
0.2(0.5)40
Vaccinium caespitosum Michx.
6.3(6.2)90
Vaccinium membranaceum Dougl. ex Torr.
0.2(0.9)13
Vaccinium myrtilloides Michx.
2.1(5.8)27
5.3(6.2)84
Vaccinium vitis-idaea L.
Viburnum edule (Michx.) Raf.
0.1(0.6)9
Viola renifolia Gray
0.2(0.3)48
Moss stratum
Ceratodonpurpureus (Hedw.) Brid. var. purpureus 0.8(1.8)27
Dicranum spp.
+(0.1)2
Dicranum polysetum Sw.
0.7(1.4)39
Hylocomium splendens (Hedw.) Schimp. in B.S.G. 6.0(8.6)79
15.9(15.0)92
Pleurozium schreberi (Brid.) Mitt.
Polytrichum commune Hedw. var. commune
9.8(10.7)87
Polytrichum juniperinum Hedw.
1.0(2.4)26
Ptilium crista-castrensis (Hedw.) De Not.
0.8(1.8)45
Lichen stratum
Bryoriafuscescens (Gyelnik) Brodo & D. Hawksw. 0
0
Cetraria spp.
Cladonia chlorophaea (Florkeex Sommerf.) Sprengel 0.2(1.0)20
0.9(1.6)56
Cladonia gracilis subsp. turbinata (Ach.) Ahti
0.4(1.4)22
Cladonia mitis Sandst.
+(0.1)3
Hypogymnia physodés (L.) Nyl.
0
Parmelia spp.
3.0(4.5)59
Peltigera aphthosa (L.) Willd.
0
Usnea spp.
Total number of species
Number of exclusive species
Number of common species
Number of samples
a
b

165
70
95
143

0
0.4(0.8)29
0.1(0.3)13
+(0.2)4
2.8(4.3)63
2.6(6.9)33
3.2(7.8)29
10.2(9.8)92
1.0(4.1)25
+(0.1)8

0.003
0.971
0.137
0.001
0.001
0.004
0.651
0.007
0.024
0.001

+(0.2)4
0.3(0.6)21
0.7(1.3)38
27.5(24.7)92
29.0(24.1)100
0.8(1.7)46
0.4(1.1)21
17.4(16.3)92

0.013
<0.001
0.957
<0.001
0.007
O.001
0.514
<0.001

0.4(0.5)38
0.7(1.0)38
0
0.1(0.2)13
0.2(0.5)17
0.4(0.5)42
0.6(0.9)38
2.4(2.9)75
0.6(0.8)42

O.001
<0.001
0.018
O.001
0.605
<0.001
<0.001
0.483
<0.001

127
32
95
24

-

-

Indicates the combination of Picea glauca (Moench) Voss and Picea mariana (P. Mill.) B.S.P.
A "+" represents a cover value of <0.1%.
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(Table 4), including 30 forbs, 14 graminoids, and 7 deciduous shrub species.

One

provincially rare sedge species (Gould 2001), Carex adusta Boott, was restricted to
clearcut stands. Three mosses and 16 lichens occurred only in clearcut stands, and 11 of
these lichens were Cladonia species. Most species restricted to the clearcut stands were
common to open or disturbed sites, e.g., Populus balsami/era L., Hierecium triste Willd.
ex Spreng, Luzula parviflora, Poa palustris L., Pacherà indecora (Greene) A . & D. Love,
Trifolium spp., Cladonia chlorophaea. In contrast, the 32 species restricted to the native
stands tended to be shade-tolerant, e.g., Calypso bulbosa (L.) Oakes,

Corallorrhiza

trífida Châtelain, Lycopodium clavatum L., Bryoria fuscenscens, Cetraria spp., Parmelia
spp., and Usnea spp. A total of 13 forbs, 2 deciduous shrubs, 8 mosses, and 9 lichens
were found only in native stands. Mann-Whitney U-tests indicated that 53 species had
significantly greater cover in the native stands than in the clearcut stands and 13 had
significantly greater cover in the clearcut stands (Table 4).
Pinus contorta was the most constant and abundant tree species in both the native
and clearcut stands, regardless of height (Table 4). Beneath the canopy of native forest
stands, within the tall shrub stratum (1-3 m tall), Picea spp. was an occasional
component, with low to moderate constancy. Native stands included several understory
species with very high (>90%) constancy:
Cornus canadensis,

Linnaea borealis, Ledum groenlandicum,

Vaccinium vitis-idaea, Hylocomium splendens, Ptilium crista-

castrensis, and Pleurozium schreberi. Highly constant species in clearcut stands were
Cornus canadensis, Chamerion angustifolium, Vaccinium caespitosum, and Pleurozium
schreberi.
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Vegetation characteristics of native stands
Community classification
To evaluate compositional variability, native stands were classified using cluster
analysis based on species abundance. Three distinctive groups of plots were recognized
initially within the cluster dendrogram (Figure 4). Cluster analysis differentiated group A
based on the common occurrence of Picea spp. in the overstory (mean 28% cover,
constancy 86%), compared with groups B and C (mean <3 percent cover). Group B
contained Ledum groenlandicum consistently (90%) with 11 percent mean cover, Cornus
canadensis (7%), Pleurozium schreberi (24%), and Hylocomium splendens (18%), and
Ptilium crista-castrensis (17%). Group C contained the same species (16%, 11%, 54%,
14%, and 19%, respectively). It appeared that the cluster analysis amalgamated groups A
and B and differentiated them from group C based on lower Pinus contorta tree cover
values (e.g., <37% versus 50%). However, none of the species common to groups B and
C differed statistically in abundance when the three groups were compared using
Kruskal-Wallis tests (P 0.05). Due to a lack of difference in understory composition,
groups B and C were combined (Figure 4). The resulting groups were named Pinus
contorta/Ledum groenlandicum and Pinus contorta-Picea glauca/Hylocomium splendens
community-types. Both were coniferous forest communities with semi-closed canopies.
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R e l a t i v e Amalgamation E r r o r
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Figure 4. Cluster analysis dendrogram for native stands. The dotted line indicates the
error level used to separate potential vegetation community-types.
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Vegetation structure
The overall vegetation structure was similar between the native community-types
(Table 5). Trees in native stands were -16 m tall and had breast height diameters to 17
cm. The two community-types had similar tree densities and crown cover, although the
Pinus contorta-Picea glauca/Hylocomium splendens community-type had twice the
Picea glauca cover (Table 6).

Stand ages were statistically similar between the

community-types.

Table 5. Comparison of native stand characteristics by community-type. Unless noted,
data values are mean (standard deviation), and Mann-Whitney U-test results.
Stand Characteristic

Pinus contorta-Picea
Pinus contortai Ledum
glauca/Hylocomium
groenlandicum
splendens

Stand age (years)

81.1(14.3)

90.3(16.3)

Age range (Q1 - Q3)

74-89

87 -105

Height (m)

16.0(4.0)"

15.8(3.3)"

0.889

Breast-height diameter (cm)

17.2(3.9)"

16.3(5.1)"

0.775

Density (stems/ha)

2,012(619)"

2,348(1,654)"

0.924

Crown cover (%)

65.0(17.0)

72.0(16.6)

0.105

Number of samples

17

*
"

0.086

b

Data were not available for nine stands (n = 8).
Data were not available for one stand (n = 6).

Composition
A total of 119 species occurred in the Pinus contorta/Ledum

groenlandicum

community, and total plant cover averaged 216.3 percent among these stands. About half
the number of species (61) occurred in the Pinus contorta-Picea

glauca/Hylocomium

splendens community, and total cover was lower, at 175.7 percent (Table 6). Although
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Table 6. Composition of native communities based on mean percent cover, (standard
deviation), and percent constancy. Mann-Whitney U-tests were used to compare species.
Only species with >20% constancy within at least one community are listed.
Species

Community-type
„.
, . Pinus contortaPinus contortai „ .
,
,
j j
Picea glauca!
Ledum
,
.
. ,.
Hylocomium
groenlandicum
, ,
splenaens
0

TT

P

Tree stratum (>3m tall)
Abies lasiocarpa
Pinus contorta
Picea glauca
Picea mariana

0.4(1.7)6
40.0(10.6)100
1.9(3.3)41
3.5(12.1)29

0.3(0.4)43
24.6(9.2)100
28.4(17.2)86
0

0.045
0.005
0.002
0.117

TaU Shrub stratum (l-3m tall)
Picea glauca
Picea mariana

0.3(0.5)24
0.8(1.9)24

0.1(0.2)29
0

0.933
0.171

Low Shrub and Herb stratum (<lm tall)
Arnica cordifolia
Chamerion angustifolium
Cornus canadensis
Fragaria virginiana
Ledum groenlandicum
Leymus innovatus
Linnaea borealis
Listera cordata
Lonicera involucrata
Lycopodium annotinum
Lycopodium complanatum
Mitella nuda
Orthilia secunda
Pedicularis labradoricum
Petasites frigidus
Pinus contorta
Picea glauca
Picea mariana
Pyrola asari/olia
Pyrola chlorantha
Rosa acicularis
Vaccinium caespitosum
Vaccinium membranaceum
Vaccinium myrtilloides
Vaccinium vitis-idaea
Viburnum edule

0.8(1.0)53
1.1(1.6)65
8.4(6.4)94
0.2(0.4)24
13.3(12.1)100
4.4(9.2)65
4.9(5.7)100
<0.1(0.1)29
0.2(0.8)12
1.5(2.4)71
0.7(1.5)29
<0.1(0.1)12
0.3(0.4)47
0.2(0.4)24
0.2(0.5)18
0.4(0.6)41
0.4(0.5)35
1.6(3.8)24
0.1(0.3)18
0.2(0.4)35
1.6(2.6)53
3.9(4.7)65
3.5(8.0)35
4.4(9.0)35
13.5(9.7)94
0.3(0.5)24

3.9(7.3)57
0.7(1.9)14
5.9(4.9)100
0.2(0.4)29
0.9(1.2)71
2.9(5.2)29
2.8(2.2)100
0.2(0.4)57
0.3(0.8)29
0.3(0.4)43
0
0.2(0.4)43
0.2(0.4)29
0
0.3(0.4)57
0
<0.1(<0.1)14
0
0.2(0.4)57
0
0.4(0.7)43
0.2(0.3)57
0.3(0.5)29
0.3(0.8)14
2.2(2.5)86
2.9(7.6)29

0.483
0.088
0.309
0.900
0.003
0.332
0.611
0.186
0.379
0.117
0.118
0.081
0.475
0.170
0.105
0.051
0.215
0.171
0.088
0.078
0.293
0.084
0.570
0.220
0.002
0.802
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Table 6. Concluded.
Species

Community-type
„.
. < , Pinus contortaPmus contortai .
.
,
, j
Picea glauca/
Ledum
,, ,
.
, j .
Hylocomium
groenlandicum
, .
splendens
n

P

Moss stratum
Dicranum spp.
Dicranum polyselum
Hylocomium splendens
Pleurozium schreberi
Polytrichum commune
Polytrichum juniperinum
Ptilium crista-castrensis
Lichen stratum
Bryoriafuscescens
Cetraria spp.
Cladonia gracilis ssp. turbinata
Cladonia mitis
Hypogymnia physodes
Parmelia spp.
Peltigera aphthosa
Peltigera canina (L.) Willd.
Peltigera malacea (Ach.) Funck
Stereocaulon tomentosum Fr.
Usnea spp.

0.2(0.4)18
0.8(1.4)35
16.3(15.7)88
36.5(24.3)100
1.0(1.9)53
0.6(1.3)29
18.3(18.8)88

0.6(1.0)29
0.5(0.8)43
54.9(21.3)100
10.7(10.6)100
0.4(0.9)29
0
15.1(8.1)100

0.395
0.942
0.001
0.007
0.349
0.117
0.824

0.5(0.5)53
0.9(1.1)47
0.1(0.2)18
0.3(0.6)24
0.5(0.5)47
0.8(1.0)47
2.8(3.2)82
0.2(0.4)24
0.2(0.4)24
0.2(0.4)24
0.6(0.7)47

0
0.3(0.8)29
0.1(0.2)29
0
0.1(0.2)29
0.1(0.4)14
1.3(1.7)57
0.1(0.4)14
0
0
0.6(1.0)29

0.017
0.161
0.024
0.170
0.168
0.121
0.234
0.620
0.169
0.169
0.720

Understory growth-forms
Tall Coniferous Shrub (l-3m)
Tall Deciduous Shrub (l-3m)
Low Coniferous Shrub (<lm)
Low Deciduous Shrub (<lm)
Low Ericaceous Shrub (<lm)
Forb
Graminoid
Moss
Lichen

3.9(11.0)
<0.1(<0.1)
2.7(4.2)
6.0(11.1)
41.7(23.8)
18.8(10.4)
5.1(8.9)
77.8(22.4)
7.8(5.2)

0.7(1.6)
0
0.3(0.8)
7.3(18.8)
3.8(3.7)
15.0(20.8)
3.2(5.9)
82.7(13.9)
3.5(3.1)

0.511
0.521
0.096
0.195
O.001
0.119
0.185
0.949
0.056

Species richness
Total cover (%)
Total understory cover (%)
Number of exclusive species
Number of common species
Dominance Concentration (Dw)
Evenness (E')
Number of samples

119
216.3(5.1)
170.0(57.4)
67
52
0.737
0.144
17

61
175.7(41.6)
119.4(50.6)
9
52
0.714
0.154
7

0.033
0.005
-

-

-
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understory species cover was also lower in the Pinus contorta-Picea glauca/Hylocomium
splendens community-type, understory plants accounted for about 75 percent of the total
vegetation cover in both native communities.

Similar dominance concentration and

evenness values indicated that a large portion of the plant cover was concentrated in a
few species in these community-types.
Although overall species abundance differed, understory composition between the
community-types was similar based on Kruskal-Wallis tests (Table 6). Mean tall shrub
cover was <4 percent, and low coniferous and deciduous shrub cover was approximately
8 percent in both community-types. Shrub stratum species common to both communitytypes included Picea glauca, Rosa acicularis, and Viburnum edule. Mean forb cover
ranged between 15 and 19 percent, with Cornus canadensis being the most abundant
species. Average graminoid cover between the community-types was about four percent,
and Leymus innovatus was the most abundant species in this growth-form.

Overall,

mosses were the most abundant understory growth-form in the native vegetation, with
>75 percent cover. Feathermosses (i.e., Hylocomium splendens, Pleurozium schreberi,
and Ptilium crista-castrensis) were the dominant bryophytes. Mean lichen cover was low
(3.5-7.8% cover), and Peltigera aphthosa was the most abundant species.

Although

species composition was similar (52 common species), the community-types were
separated by low ericaceous shrub abundance.
vitis-idaea

cover

was

significantly

Ledum groenlandicum and Vaccinium

lower

in

the

Pinus

contorta-Picea

glauca/Hylocomium splendens community-type (Table 6). This vegetation also lacked
species (e.g., Lycopodium complanatum, Bryoria fuscescens, Polytrichum juniperinum,
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and Peltigera malacea) that occurred in the Pinus contortai Ledum

groenlandicum

community.

Vegetation characteristics of clearcut stands
Vegetation structure
Stand age, tree height, and stem diameter at breast height (DBH) increased as
crown cover increased. Crown cover class 1 contained the youngest (<9 years old) stands
and tree and tree-like shrub height and D B H values averaged 1.4 m and 3.0 cm,
respectively, in this class. In crown cover classes 2 and 3, stands were younger than 16
years, tree heights were <3 m, and D B H values were <6 cm.

Average stand ages

exceeded 20 years in cover classes 4 through 8. Mean tree height increased to >3 m, and
mean stem diameters ranged from 6.2 to 9.1 cm in these cover classes.

Mean age

differed by only five years in the last five cover classes (31-100%). Cover classes 7 and
8 were associated with the greatest mean age (~26 years), tree height (~6 m), and D B H
(~9 cm) values.

Mean tree and tree-like shrub densities ranged from 2,748 to 5,882

stems/ha and values differed significantly among crown cover classes, although it could
not be determined where differences occurred using Scheffe tests.
Stand age and crown cover were significantly correlated (Figure 5A). Based on
the regression analysis, the relationship between percent crown cover and stand age was
relatively linear until about 85 percent closure, or when stand ages approached 60 years.
When stand ages exceeded 60 years among native stands, percent crown cover decreased
whereas canopy height and D B H continued to increase (Figure 5 B and C). Based on

Table 7. Stand characteristics and growth-form mean percent cover, (standard deviation), with Scheffe rank and Kruskal-WaUis test
results stratified by crown cover class. Stand variables sampled by point-centered quarter method. Values foUowed by similar letters
do not differ significantly according to Scheffe test.

Stand Variables

Age (years)

Crown Cover Class (based on densiometer measurements)
4
3
5
6

1

2

(<10%)

(11-20%)

9.1(5.5)a

(21-30%)

11.8(3.6)sb

(31-40%)

15.8(6.2)abc

(41-50%)

20.9(8.4)bc

(51-60%)

22.6(7.6)bc

7

8

(61-70%)

(>71%)

P

23.6(6.5)bc

25.9(8.7)c

26.5(7)c<0.001

19-32

4-12

8-15

12-20

14-32

18-25

19-24

Height (m)

1.4(1.0)a

2.4(0.9)3b

2.8(0.9)abc

3.8(1.0)abc

5.2(1.3)bc

5.3(1.5)bc

6.3(2.3)c

21-30
6.8(2.3)c<0.001

DBH (cm)

3.0(2.2)a

4.5(1.6)3b

5.4(2.0)3b

6.2(1.7)ab

8.4(1.5)b

7.3(1.9)3b

9.1(3.8)b

9.0(3.5)b<0.001

3,563(1,282)3 3,697(1,561)3 2,798(l,290)a

2,748(755)a

4,297(2,508)3

Age (Ql - Q3)

Density (stems/ha)
Growth-form cover

2,910(2,100)a

3,597(2,251)3 5,882(4,370)a 0.041

Coniferous Tree

5.7(11.2)a

14.1(12.4)3b

22.4(16.6)3bc

34.2(13.4)bc

34.7( 10.0)3bc

41.8(12.6)bc

39.9(10.9)bc

53.4(15.1)c<0.001

Deciduous Tree

0.3(0.8)a

1.0(l.l)sb

0.9(1.5)3b

5.1(12.0)ab

2.1(4.8)3b

2.0(3.4)3b

5.7(6.9)b

11.2(13.1)b<0.001

Tall Coniferous Shrub

3.5(4.1)3

7.8(6.8)3

3.6(5.2)3

1.8(2.7)3

4.5(4.9)3

1.5(1.7)3

2.1(3.0)3

1.2(2.4)a 0.050

Tall Deciduous Shrub

0.6(1.7)3

2.4(3.9)3

3.3(6.8)3

1.0(1.7)a

1.3(3.5)3

2.3(3.3)3

2.3(4.8)3

0.9(2.4)a 0.003

Low Coniferous Shrub

1.6(1.8)3

1.5(2.6)3

0.7(1.3)3

1.0(1.8)3

1.9(4.9)3

0.9(1.6)3

0.6(1.1)3

0.4(0.7)3 0.024

Low Deciduous Shrub

2.6(3.6)3

1.9(2.7)a

4.2(4.3)3

3.3(3.8)3

1.4(2.3)3

1.7(2.4)3

3.0(3.2)3

2.1(2.8)a 0.143

Low Ericaceous Shrub

12.9(12.2)3

18.8(10.4)3b

18.8(15.7)3b

34.1(25.8)ab

26.3(12.6)3b

33.9(16.8)b

29.8(23.6)3b

18.6(17.7)3b<0.001

Forb

10.6(8.0)3

10.4(5.4)ab

15.1(12.1)3b

10.3(7.0)3

10.5(6.4)sb

14.4(6.3)sb

24.9(14.4)b

28.0( 14.3)b<0.001

Graminoid

10.1(8.9)3

14.7(7.8)3

15.3(12.8)3

7.6(6.1)3

14.8(14.4)3

3.3(6.0)3

12.9(12.8)3

5.3(5.2)3 0.013

23.0(20.5)3

29.9(13.5)ab

32.5(15.3)3b

48.3(22.9)3b

38.0(21.2)3b

55.2(22.5)b

52.6( 17.4)b

51.9(19.5)b<0.001

1.2(1.8)3

5.8(5.6)b

1.9(1.9)ab

4.0(3.5)3b

5.4(4.4)ab

5.3(4.8)b

2.8(3.l)3b

1.9(1.9)3b<0.001
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Figure 5. Scatter diagrams and regression models relating percent crown cover, breast
height diameter, and height with stand age among clearcut and native stands.
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cover values (~65%) among native stands, crown cover appears to stabilize around 70
percent, rather than continuing to decrease over time as suggested by the regression
model (Figure 5 A). Although correlation analyses indicated that canopy height and D B H
were positively related to increasing clearcut and native stand age, stem density was not
(r = 0.07, P 0.382, n = 157). Average tree density values were slightly lower among
native stands when compared with clearcut stands, but crown cover in native stands was
similar to the oldest clearcut stands (Tables 5 and 7). Stand age explained about 70 and
80 percent of the variance in D B H and height values, respectively, but 56 percent of the
variance in crown cover.

Composition
Most (78%) species in clearcut stands occurred in all crown cover classes.
Species exclusive to a single cover class did not exceed one percent mean cover and
therefore did not contribute substantially to vegetation abundance in clearcut stands.
Examples of these species included: Galium triflorum Pursh (class 1), Carex concinna R.
Br. (class 2), Cetraria spp. (class 3), Erigeron peregrinus (Banks ex Pursh) Greene (class
4), Pyrola chlorantha (class 6), Schizachne purpurescens (Torr.) Swallen (class 7), and
Heracleum maximum (class 8). Species richness was slightly higher (101 species) in
crown cover class 1, although vegetation tended to be less abundant in these young stands
(Table 8). Richness decreased (63-89 species) in crown cover classes 2 through 6. A s
crown cover exceeded 60 percent, species richness among clearcut stands increased to
>94 species. Most of the additional species present in cover classes 7 and 8 also were
present in the youngest stands, and were not late colonizing species.

Dominance

Table 8. Clearcut stand species composition, mean cover, (standard deviation), Scheffé rank and Kruskal-Wallis test results stratified
by crown cover class. Data values followed by the same letter are statistically similar according to Scheffé tests.
CrownCover Class
Species by Height Stratum *

b

Tree stratum (>3m)
Abies lasiocarpa
Alnus viridis
Pinus contorta

1
(<10%)

2
(11-20%)

3
(21-30%)

4
(31-40%)

0.1(0.3)a

0.4(0.9)3

0.3(0.6)a

0.3(0.6)a

Oa

03

0a

2.1(6.9)a

5.5(10.9)a 12.9(11.2)ab 20.9(15.7)abc 28.8(15.4)abc

5
(41-50%)

6
(51-60%)

0.2(0.5)a

0.8(1.2)a

0.2(0.4)3

0.1(0.3)3

32.9(8.4)3bc 37.6(14.4)bc

7
(61-70%)

8
(>71%)

P

1.6(3.6)3

1.8(2.5)3

0.001

0.8(1.7)3

2.1(4.8)3

0.001

33.5(12.6)bc 45.3(14.9)c <0.001
4.8(3.9)b
6.3(7.5)b <0.001
0.6(1.0)3
1.6(3.5)3 <0.001

0.2(0.4)a

0.9(1.6)3b

1.2(2.1)ab

5.2(7.8)b

1.6(2.6)ab

Populus balsami/era

+(O.l)a

0.1(0.2)3

0a

0.1(0.2)3

03

0.2(0.3)3

Populus tremuloides

0.1(0.3)a

0.4(0.6)ab

0.3(0.5)3b

0.5(0.6)ab

0.3(0.5)3b

0.9(1.3)3b

1.5(1.9)b

Salix spp.

0.2(0.4)a

0.5(0.6)sb

0.6(1.2)ab

2.5(5.l)ab

1.6(4.2)3b

0.8(1.9)ab

2.8(4. l)b

Abies lasiocarpa

0.2(1.3)a

0.3(0.7)3

0.7(1.9)3

0a

0.3(0.9)3

0.1(0.5)3

0.9(1.7)a

0.1(0.5)3

0.147

Alnus viridis

0.1(0.7)a

0a

2.7(6.8)a

0a

03

0.7(2.2)a

0.1(0.3)a

0.5(2.3)3

0.080

3.14(3.6)a

6.26(6.5)3

2.61(3.6)a

0.75(1.2)a

1.91(3.8)3

0.50(0.9)a

0.21(0.5)a

0.2(0.0)a

1.1(2.5)3

0.2(0.5)a

1.4(2.5)3

1.0(2.5)3

0.7(1.3)3

1.2(2.5)3

+(0.1)3

03

0a

0a

1.3(3.6)3

+(+)3

0a

03

0.444

Salix spp.

0.5(1.7)a

0.9(1.8)3

0.5(1.3)a

0.2(0.4)3

1.3(3.5)a

1.0(2.2)3

1.8(4.0)3

0.4(1.0)a

0.277

Low Shrub and Herb stratum
(<lm)
Agrostis scabra

0.1(0.2)3

0.6(1.2)3

0.3(0.5)3

0.3(0.6)3

0.7(1.1)3

+(0.1)3

0.2(0.6)3

0.2(0.6)3

0.355

Picea spp.

3.4(6.7)b

2.8(5.0)b <0.001
4.7(5.0)b <0.001

Tall Shrub stratum (l-3m)

Pinus contorta
Picea spp.
Rosa acicularis

0.12(0.2)a <0.001
0.9(2.31)3 0.294

+(0.3)3

0.1(0.2)a

0.6(1.6)3

0.3(0.7)3

0.6(1.6)3

+(0.1)3

0.4(1.7)3

0.1(0.3)3

0.649

Arctostaphylos uva-ursi

0.2(0.6)3

0.5(1.2)3

1.7(5.3)3

1.1(2.1)3

1.7(3.1)3

0.2(0.7)3

03

+(0.1)3

0.011

Arnica cordifolia

0.4(0.6)3

0.2(0.3)a

0.5(1.2)3

0.3(0.5)a

0.7(1.5)3

0.5(0.7)3

0.4(0.8)3

0.8(2.4)3

0.953

Calamagrostis canadensis

2.5(4.8)3

5.0(7.1)3

6.0(14.6)3

0.6(1.1)3

5.7(11.1)3

2.4(4.4)3

4.2(9.2)3

1.9(4.4)3

0.905

Carex aenea Nutt.

0.6(3.0)3

0.1(0.2)3

0.3(0.9)3

0a

0a

0.2(0.4)3

+(0.1)3

03

0.232

Carex brunnescens (Pers.) Nutt.

0.3(0.9)3

1.3(2.9)a

0a

0.2(0.5)a

0a

03

03

0.1(0.3)3

0.111

Alnus viridis

Table 8. Continued.
Crown Cover Class
Species by Height Stratum

1

2

3

4

5

(<10%)

(11-20%)

(21-30%)

(31-40%)

(41-50%)

6
(51-60%)

P

8

7
(61-70%)

(>71%)

0.3(0.8)3
+(0.3)a

0.7(1.9)3
+(0.1)3

Oa
+(0.1)3

0.3(0.5)3

Os

Castilleja miniata

1.2(2.9)3

+(0.1)3

+(+)3
+(0.2)3

0.2(0.3)3
0.3(0.7)3

0.2(0.5)3
03

0.098
0.020

Chamerion angustifolium

3.7(3.5)a

2.6(1.1)3

3.1(2.4)3

1.9(1.2)3

1.9(1.4)3

2.8(2.5)3

3.9(2.9)3

3.0(1.9)3

0.391

Cornus canadensis

2.3(2.5)a

2.3(2.3)3

3.8(2.9)3b

1.9(1.2)3

4.4(4.6)ab

6.0(4.2)3b

9.0(7.3)3b

Equisetum sylvaticum

0.2(0.5)a

0.1(0.3)3

0.1(0.2)3

1.0(3.2)3

03

+(0.1)3

0.2(0.5)3

Carex richardsonii

Festuca rubra L.
Festuca saximontana
Juniperus communis
Ledum groenlandicum

12.5(8.8)b <0.001
0.2(0.3)3 0.380

+(0.2)a

1.1(2.6)3

Os

03

Oa

Os

03

Os

0.027

0.1(0.4)a
Oa

03
03

1.0(2.2)3

Oa
03

0.2(0.5)3

Oa

Oa

0.066

1.8(5.0)3

03
0.3(1.1)3

03

03

0.136

5.7(7.4)a

3.7(4.8)3

6.7(10.1)3

15.6(19.2)a
4.6(6.8)3

6.9(11.6)3

11.6(10.4)3

ll.l(14.8)a

4.2(6.4)3

0.120
0.582

03

Leymus innovatus

3.7(5.5)a

2.6(6.3)3

5.0(5.1)3

4.0(5.0)3

2.9(5.1)3

5.4(9.5)3

1.9(3.3)3

Linnaea borealis

1.9(2.7)a

2.7(3.3)3

4.2(5.6)3

2.3(3.3)3

2.1(3.0)3

3.5(3.3)3

4.2(4.6)a

6.5(6.5)3

Lonicera

involúcrala

0.1(0.3)a

0.5(1.6)3

0.3(1.0)3

0.1(0.3)3

03

03

+(0.1)3

0.3(1.0)3

Mertensia paniculata

0.2(0.7)3
0.6(1.4)a

0.1(0.3)3

0.4(0.7)3
0.7(1.0)3

0.1(0.1)3
0.4(0.5)3

03
0.3(0.5)3

0.1(0.3)3

0.9(1.0)3

0.8(2.5)3
2.6(4.2)3

0.3(0.6)3
2.0(2.9)3

Pinus contorta

1.2(1.7)b

1.0(2.4)sb

0.5(1.3)ab

0.2(0.3)ab

0.1(0.3)sb

0.1(0.2)sb

+(O.l)sb

Picea spp.

0.3(1.0)a

0.4(1.2)3

0.2(0.4)3

0.5(1.0)3

03

0.5(1.2)3

0.5(1.1)3

0.2(0.5)3

Poa nemoralis L.

0.2(0.9)3

1.9(6.1)3

0.2(0.6)3

03

03

03

Os

Os

0.023

Poa palustris L.

1.2(3.1)a

0.3(0.9)3

1.4(3.0)3

0.3(1.0)3

03

0.2(0.8)3

0.155

0.4(0.8)3

+(0.1)3
0.3(0.9)a

03

1.5(2.0)3

Oa
1.2(1.4)3

2.4(6.9)3
0.3(0.4)3

Oa

+(0.1)3

0.7(0.7)3

1.0(2.7)a

+(+)3

0.8(1.5)3
0.1(0.2)3

0.1(0.3)3

Petasites frigidus

Rosa acicularis

l.l(2.4)a

+(+)3
0.5(1.2)3

Rubus idaeus

0.5(1.3)3

0.1(0.3)3

Pyrola asari/olia

0.6(0.9)3

1.6(1.9)3

0.011
0.664
0.474
0.088

+(0.1)3 <0.001
0.522

0.8(1.3)3 <0.001
1.3(2.3)3 0.083
+(0.2)3

0.001

Oa

+(+)a

03

0.1(0.2)3

03

03

0.1(0.3)3

1.1(3.1)3

Rubus pubescens Raf.

0.2(0.6)3

03

+(0.1)3

03

Oa

+(0.1)3

0.2(0.5)3

0.8(1.4)3

0.013
0.002

Salix spp.

0.5(1.2)3

0.7(1.2)a

0.9(1.4)a

0.6(1.0)3

0.2(0.5)3

0.6(1.3)3

0.2(0.4)3

0.1(0.2)3

0.416

Rubus pedatus Sm.

Table 8. Continued.
Crown Cover Class
Species by Height Stratum

1

2

3

4

5

6

(<10%)

(11-20%)

(21-30%)

(31-40%)

(41-50%)

(51-60%)

8

P

(>71%)

0.1(0.3)a

0.2(0.4)3

0.1(0.1)a

0.7(1.1)3

0.9(2.0)3

0.111

0.1(0.1)3
0.4(1.0)a

+(+)3
0.1(0.1)3

0.1(0.1)3

0.2(0.3)3
0.2(0.7)3

+(0.1)a
+(0.1)3

0.013

0.1(0.4)a

0.5(1.6)a

0.2(0.5)3

0.1(0.3)3

4.3(8.8)3

0.3(1.1)3

+(0.2)3

0.1(0.5)a

3.5(3.9)a

7.3(5.3)3b

7.3(6.3)sb

4.7(4.9)3b

9.9(7.2)b

8.0(7.8)3b

5.9(6.2)sb

0.001

+(0.1)a

0.1(0.3)3

0.1(0.2)3

1.3(2.9)3

11.0(6.1)3b
03

03

0.2(0.6)3

0.3(0.9)a

0.065

Symphytotrichum ciliolatum

0.2(0.5)a

0.1(0.2)3

Taraxacum officinale

0.3(0.7)a

Trifolium spp.

0.2(0.9)a

0.4(0.8)a
0.3(0.8)3

Trisetum spicatum
Vaccinium caespitosum

0.2(0.8)a

Vaccinium membranaceum

7
(61-70%)

0.1(0.2)3
0.5(0.6)3

+(+)3

0.867
0.004

Vaccinium myrtilloides

0.8(2.8)a

2.8(6.3)3

0.2(0.6)3

5.1(10.3)3

1.1(2.1)3

4.5(7.4)3

1.7(3.5)3

2.7(8.8)3

0.023

Vaccinium vitis-idaea

2.7(3.1)3
+(+)a

3.9(4.2)3b
Os

3.5(3.4)3b
0.2(0.7)3

6.2(5.7)sb
03

5.7(7.6)sb
Os

8.2(5.3)b
0.1(0.3)3

9.2(9.9)3b
0.5(1.5)3

5.7(7.2)3b

0.008

0.3(0.7)3

0.011

0.1(0.2)3

0.1(0.2)3

0.2(0.3)3

0.1(0.2)3

0.5(0.7)3

0.2(0.3)3

0.5(0.5)3

0.2(0.3)3

0.010

Moss stratum
Aulacomium palustre (Hedw.)
Schwaegr.
Brachythecium spp.

0.2(0.9)3
+(+)3

03
1.6(4.9)3

03
0.3(0.8)3

0.3(0.8)3
0.7(2.l)a

03
03

1.7(6.2)a
03

0.8(3.6)3
2.1(4.5)3

Oa
03

0.404
0.026

Ceratodon purpurescens

1.5(2.4)3

1.1(2.0)3

1.6(3.0)3

0.1(0.2)3

0.4(l.l)a

Os

0.1(0.2)3

0.6(1.3)3

1.6(2.9)3

0.3(0.9)3
0.8(1.2)3

0.5(0.8)3

1.2(1.9)3

2.8(3.1)sb :5.5(12.6s)3b
7.3(7.8)3b 8.1(6.2)3b

4.9(7.2)3b

4.9(2.8)ab

9.1(8.6)3b

10.6(11.0)3

20.6(16.7)3b

23.4(13.5)3b

21.9(12.8)b

28.0(17.3)b

9.1(8.9)3

8.8(10.7)3
0.4(1.l)a

5.4(6.5)3
l.l(2.0)sb

Viburnum edule
Viola renifolia

Dicranum polysetum
Hylocomium splendens
Pleurozium schreberi
Polytrichum commune
Polytrichum juniperinum
Ptilium crista-castrensis

0.4(1.0)3
2.8(5.l)3b

4.9(6.9)3
12.2(11.3)3 20.3(12.8)3 14.3(14.5)a
0.5(1.2)3
0.9(2.6)3
1.3(3.0)3
0.1(0.2)3

0.6(1.6)3b

0.6(2.0)3

4.9(5.6)3
03

0.6(1.0)ab

0.4(0.7)sb

1.3(1.9)3b

2.3(3.7)3b

1.4(2.2)a

0.1(0.3)3 <0.001
0.8(1.0)3 0.061
8.6(11.0)3b <0.001
26.4( 12.6)b <0.001
4.3(5.7)3
1.5(2.8)3

0.009
0.221

1.3(1.4)b <0.001

Lichen stratum
+(+)3

+(0.1)3

+(0.1)3

0.6(1.5)3

Oa

0.1(0.2)3

03

+(0.1)a

0.063

Cladonia chlorophaea

0.1(0.2)3

0.2(0.6)3

0.1(0.2)3

1.7(3.3)3

0.1(0.3)3

+(+)3

0.3(0.8)3

0.1(0.2)a

0.033

Cladonia coniocraea

0.1(0.6)3

0.6(1.7)3

0.1(0.3)3

0.2(0.7)a

Oa

+(0.1)3

Oa

Oa

0.074

Cladonia cariosa (Ach.) Sprengel

Table 8. Concluded.
Crown Cover Class
1

2

3

4

5

6

7

8

(<10%)

(11-20%)

(21-30%)

(31-40%)

(41-50%)

(51-60%)

(61-70%)

(>71%)

Cladonia gracilis ssp. gracilis

Oa

0.1(0.2)3

P

0.4(1.3)3

0.7(1.4)3

0.3(0.5)3

1.0(2.3)a

0.1(0.5)3

0.2(0.7)3

0.003
0.025
0.017

Cladonia gracilis ssp. turbinata
Cladonia mitis

0.5(l.l)a

1.9(1.6)3

1.0(1.6)3

1.1(1.8)3

2.6(4.4)3

0.9(1.3)3

0.7(1.0)3

0.8(0.9)3

0.2(1.6)3

0.5(1.4)3

0.6(1.3)3

1.0(1.9)3

0.1(0.1)3

0.3(0.7)a

0.4(1.1)3

0.5(1.8)3

Peltigera aphthosa

0.9(2.0)a

2.7(3.8)3b

1.3(2.5)sb

4.3(4.3)3b

4.1(4.1)3b

6.4(6.l)b

5.5(6.4)3b

+(+)a

03

+(+)a

0.6(1.4)3

1.0(2.3)3

0.7(2.1)a

+(0.1)3

74.3(1.3)3 111.9(2.0)3bll9.5(2.2)3bc 149.8(3.0)bc

143.2(3.2)3bc

161.7(3.5)bc

182.3(3.6)c

Stereocaulon tomentosum
Total cover (%)
Total understory cover (%)
Species richness
Number of exclusive species

2.0(3.l)3b <0.001
0.1(0.5)3

0.068

172.6(4.0)bc <0.001

69.2(29.1)3 97.6(16.1)3b 96.8(28.6)sb 111.7(27.6)ab 106.71(30.4)3b 118.0(21.0)b 137.3(25.6)b 109.9(28.9)b <0.001
85
87
101
83
104
63
89
94
2
1
2
9
0
6
8
8
-

Dominance Concentration (Dw)

0.663

0.634

0.655

0.635

0.610

0.712

0.695

0.672

-

Evenness (E')

0.195

0.214

0.201

0.216

0.225

0.161

0.171

0.166

-

45

11

10

11

8

18

19

21

-

Number of samples

Indicates combination of

Picea glauca

A '+' indicates <0.1 percent cover.

and Picea

mariana.
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concentration ranged from 0.610 to 0.712, and cover among species was distributed more
evenly in cover classes 1 through 5 than in classes 6 through 8 (Table 8). However,
cover was distributed more evenly in these older clearcut stands compared with native
stands, which had dominance concentration values >0.714. Species richness in the native
stands also was higher (Table 6). Average total vegetation cover ranged between 74.3
and 182.3 percent in clearcut stands, and understory cover (<3 m tall) ranged from 69.2 to
137.3 percent. Scheffe tests indicated that understory cover increased gradually by crown
cover class (Table 8). Understory vegetation abundance was more strongly correlated
with stand age (r = 0.72) than with percent crown cover (r = 0.67) (Figure 6 A and B). A
regression model indicated that the youngest stands were associated with a minimum of
about 28 percent understory vegetation cover (Figure 6B). Understory cover reached a
maximum of approximately 100 percent about 30 years following clearcutting, and the
variability in understory cover values increased with increasing time. When modelled in
relation to percent crown cover, the minimum understory vegetation abundance was
about 64 percent cover (Figure 6A). Understory vegetation abundance increased with
increasing crown cover and reached a maximum when crown cover was about 60 percent.
The variability in understory cover values remained relatively constant as crown cover
values increased (Figure 6A). Although the scatter diagrams differed, both regression
models suggested that understory vegetation abundance peaked at about 100 percent
cover, and then decreased. The abundance of understory vegetation also was correlated
positively with tree heights (r = 0.57, P O.001, n = 143) and breast height diameter
values (r = 0.52, PO.001, n = 143). Understory cover was not correlated with tree
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y = 64.4957 + 2.0316(CC) - 0.0174(CC )
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Figure 6. Scatter diagrams and curvilinear regression models of understory percent cover
based on percent crown cover (CC) and age in clearcut lodgepole pine stands (n = 143).
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density values among clearcut stands.

Tree stratum (>3 m tall)
The most abundant tree species among clearcut stands was Pinus contorta (Table 8).
Pinus contorta cover increased with overall crown cover, up to a maximum of 45.3
percent cover in class 8. Pinus contorta exceeded 20 percent cover in all but crown
classes 1 and 2, and was more abundant than all other tree or tree-like shrub species
combined (2.5-12:1). Other species in the tree stratum included: Abies lasiocarpa, Picea
spp., Alnus viridis, Populus balsami/era, Populus tremuloides, and Salix species. Mean
deciduous tree species cover tended to increase with crown cover, but did not exceed 11.2
percent (Table 7). Populus tremuloides, Populus balsamifera, and Salix spp. occurred in
most crown cover classes, whereas Alnus viridis was present only in classes having >31
percent crown cover (Table 8).

Tall Shrub stratum (1-3 m tall)

Tall coniferous shrubs
Mean tall coniferous shrub cover was <8 percent in all crown cover classes (Table 7).
Although significant differences occurred among classes, they were not identified by
Scheffé tests. Pinus contorta was the most abundant species in this growth-form, but
mean cover was <6.3 percent in all cover classes (Table 8). Pinus contorta abundance
was greatest in crown cover class 2. Although more limited values (<1.9%) occurred in
classes with >30% crown cover, Scheffé tests did not distinguish these classes.

Picea

50
spp. were a smaller component of the tall coniferous shrub growth-form, averaging
between 0.2 and 1.4 percent cover. Correlation analyses showed that total and relative
tall coniferous shrub cover values were related negatively to increasing crown cover
(Figures 7 A and 8A). Tall coniferous shrub cover also decreased with increasing stand
age, although age explained <5 percent of the variation in shrub cover (Figure 9A). The
range in tall coniferous shrub abundance values was more varied among younger than
older clearcut stands, and cover was reduced to about five percent when stand age
exceeded about 25 years. Tall coniferous shrub cover was negatively correlated with
increasing tree breast height diameter (r = -0.23, P <0.005) and height (r = -0.28, P
0.001), but not correlated with stem density (n - 143).

Tall deciduous shrubs
Mean tall deciduous shrub cover was <3.3 percent in all crown cover classes and
differed significantly among classes (Table 7). Cover values tended to be greater in
crown cover classes 2 and 3, but Scheffé tests did not differentiate these classes. Alnus
viridis and Salix spp. were the most abundant species, but mean cover values were <2.7
percent for both species (Table 8). Salix spp. cover remained constant among cover
classes, whereas the abundance of Alnus viridis was more variable. Rosa acicularis also
was present in this height stratum, although cover values were low (<1.3%).

Tall

deciduous shrub abundance was not correlated significantly with increasing percent
crown cover (Figure 7B), or stand age (r = -0.22, P 0.797, n = 143).

The relative

abundance of tall deciduous shrubs in the understory vegetation was <10 percent in most
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Figure 7. Scatter diagrams and regression models of growth-form percent cover in
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Figure 7. Concluded.
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clearcut stands and was not correlated significantly with crown cover (r = -0.14, P 0.250,
n = 143). Tall deciduous shrub cover also was not correlated with tree stem density,
basal diameter, or height.

Low Shrub and Herb stratum (<1 m tall)
Low coniferous shrubs
Although average low coniferous/evergreen shrub cover values were <2 percent,
they differed significantly among crown cover classes (Table 7). Scheffé tests did not
identify where differences occurred. In order of decreasing abundance, Pinus contorta,
Picea spp., Abies lasiocarpa, and Juniperus communis were the most common species of
this growth-form (Table 8). O f these species, only Pinus contorta cover values were
correlated with crown cover (r = -0.39, P O . 0 0 1 , n = 143). Mean Pinus contorta cover
was greatest (1.2%) in crown cover class 1 (<10%), and values decreased to <0.1 percent
by classes 7 and 8 (>61% crown cover). As the abundance of Pinus contorta in the tall
shrub stratum decreased with increasing crown cover, species such as Picea spp.
remained more constant (0.2 to 0.5% mean cover) in the understory (Table 8).
Low coniferous shrub cover was related negatively to increasing percent crown
cover (Figure 7C) and age (Figure 9B). Both crown cover and age explained <5 percent
of the variability in low coniferous shrub cover among clearcut stands. L o w coniferous
shrub cover was inconsistent (i.e., <14%) among clearcut stands until stand age exceeded
about 25 years (Figure 9B). In older stands, the abundance of these shrubs was reduced
to <4 percent. Relative low coniferous shrub cover decreased linearly with increasing
crown cover, and did not exceed about 15 percent of the total understory vegetation
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content (Figure 8B). The abundance of these shrubs was correlated negatively with
increasing tree stem breast height diameter (r = -0.22, P 0.009) and tree height (r = -0.20,
P 0.017), but was not correlated significantly with tree stem density (n = 143).

Low deciduous shrubs
Low deciduous shrub cover averaged <4.2 percent and was similar among crown
cover classes (Table 7). Rosa acicularis was the most abundant species, and mean cover
values (0.3 to 1.6%) were consistent among cover classes (Table 8).

Alnus viridis,

Lonicera involucrata, Rubus idaeus, Salix spp., and Viburnum edule also occurred and
together these species comprised <2.7 mean percent cover in all cover classes (Table 8).
Correlation analyses indicated that the cover of some less abundant species was related to
increasing crown cover. Rubus idaeus cover tended to decrease with increasing crown
cover (r = -0.18, P 0.030, n = 143), whereas the cover of Viburnum edule increased (r =
0.20, P 0.013, n = 143).
A scatter diagram indicated that low deciduous shrub cover ranged up to about 10
percent in stands, regardless of crown cover levels (Figure 7D), and low deciduous shrub
cover was not correlated significantly to crown cover. However, the relative abundance
of these shrubs in the understory vegetation decreased significantly with increasing
crown cover, and the variability was greatest in stands with little to no crown cover
(Figure 8C). A regression model suggested that minimum low deciduous shrub cover
occurred when stand age was approximately 25 years, although cover was relatively
variable regardless of stand age and the correlation (r = 0.23) was weak (Figure 9C). Low
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deciduous shrub abundance was not related to tree stem density, breast height diameter,
or height.

Low ericaceous shrubs
Low ericaceous shrub cover differed significantly among crown cover classes,
and tended to be lowest (12.9%) in class 1 and greatest (34.1%) in crown cover class 6
(Table 7). Scheffe tests did not differentiate the other cover classes based on ericaceous
shrub abundance.

Ledum groenlandicum was the most abundant ericaceous shrub

species, and mean cover ranged between 3.7 and 15.6 percent among cover classes (Table
8). However, the abundance of Ledum groenlandicum was not correlated with crown
cover or stand age in clearcut stands.

Less abundant ericaceous species included

Vaccinium caespitosum, Vaccinium myrtilloides, and Vaccinium vitis-idaea (Table 8).
Vaccinium caespitosum and Vaccinium vitis-idaea cover values tended to be lowest (-3%
cover) in crown cover class 1 and were greater (-9%) in class 6.

Mean Vaccinium

myrtilloides cover values were <5.1 percent and tended to increase with crown cover,
although Scheffe tests did not differentiate among cover classes.
Low ericaceous shrubs occurred in 98 percent of the clearcut stands. Curvilinear
regression models indicated that the total and relative abundance of these shrubs
increased with increasing crown cover until crown cover reached about 50 percent
(Figures 7E and 8D). According to these regression models, ericaceous shrub cover
decreased as crown cover exceeded 50 percent, but the correlations were weak (r < 0.50)
and crown cover explained <20 percent of the variability in either total or relative
ericaceous shrub cover (Figures 7E and 8D).

A scatter diagram showed that low
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ericaceous shrubs accounted for less than half of the total understory vegetation among
clearcut stands (Figure 8D). A third regression model indicated that ericaceous shrub
cover was similarly correlated (r = 0.47) to stand age, but the relationship between
variables was linear (Figure 9D). Although stands were likely evolving towards the
Pinus contortaiLedum groenlandicum community-type (41.7% ericaceous cover) rather
than the Pinus contorta-Picea glauca/Hylocomium splendens type (3.8%), the scatter
diagram showed that the variability in ericaceous shrub cover increased as clearcut stands
aged. L o w ericaceous shrub abundance was correlated positively with increasing tree
breast height diameter (r - 0.31, P <0.001, n - 143) and height (r - 0.31, P O.001, n =
143), but not with tree stem density.

Forbs
Mean forb cover differed significantly among crown cover classes, but Scheffe
tests indicated that forb cover increased gradually (Table 7). Cover values fluctuated
between approximately 10 and 15 percent in classes 1 through 6, but exceeded 20 percent
in classes 7 and 8. Cornus canadensis ana Linnaea borealis were the most abundant forb
species, and these plants were equally abundant (<4.4% cover) until crown cover
exceeded about 50 percent (Table 8). In cover classes 6 through 8, Cornus canadensis
averaged >6 percent cover and was approximately twice as abundant as Linnaea borealis.
Based on Scheffe tests, the abundance of Linnaea borealis remained relatively constant,
whereas Cornus canadensis cover was greater in cover class 8 than classes 1 and 2 (Table
8). The abundance of both species was positively correlated to increasing crown cover (r
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= 0.57 and 0.31, respectively, P O . 0 0 1 , n = 143). Other relatively abundant (<3.9%
mean cover) forbs included Arnica cordifolia, Symphyotrichum ciliotum, Chamerion
angustifolium, and Petasites frigidus, but the abundance of these species did not differ
among crown cover classes. Other less abundant forbs (i.e., Castilleja miniata, Pyrola
asarifolia) had significantly different cover among crown cover classes (Table 8), but
cover values were low (i.e., <0.8%).
Forb cover was <20 percent in 88 percent of clearcut stands, and was correlated
positively with both crown cover and stand age (Figures 7F and 9E). In the associated
2

linear regression models, crown cover (r = 0.24) explained twice the variance in forb
cover than did stand age (0.12). Forb cover values tended to be most variable in the
clearcut stands with >60 percent crown cover or ages >25 years. A regression model
indicated that the relative abundance of forbs in the understory vegetation was lowest
among stands having between 20 and 50 percent crown cover (Figure 8E).

Forbs

accounted for an increasing proportion of the vegetation as crown cover increased,
reaching a maximum relative cover of about 30 percent.

Although correlations were

somewhat weak (r <0.44), minimal forb cover (Figure 8E) tented to coincide with
maximum ericaceous shrub cover (Figure 8D) in the understory vegetation. Forb cover
increased with increasing tree stem density (r = 0.22, P 0.008), breast height diameter
(0.33, P O.001), and height (0.50, P <0.001) values (n = 143).
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Graminoids
Graminoid cover averaged between 3.3 and 15.3 percent among crown cover
classes, but it was not possible to determine which classes differed based on Scheffe rank
tests (Table 7). Leymus innovatus and Calamagrostis canadensis were the most abundant
graminoid species, with mean cover ranging from about one to six percent among cover
classes (Table 8). The abundance of these species was not correlated with crown cover or
age in clearcut stands. Less abundant grarninoid species included Agrostis scabra, Carex
richardsonii, Poa nemoralis, Poa palustris, and Trisetum spicatum. Poa nemoralis and
Trisetum spicatum cover differed significantly among cover classes, but mean values
were low (<4.3%) and Scheffe tests could not identify the significantly different classes.
However, neither species averaged >0.3 percent cover in classes with >51 percent crown
cover (Table 8).
Correlation analysis indicated that graminoid cover was related significantly to
2

crown cover, but the explained variance (r ) of the associated regression model was four
percent (Figure 7G). The regression model indicated that graminoid cover remained
constant at about 10 percent and then decreased as crown cover exceeded 60 percent, but
according to the scatter diagram, graminoid cover tended to be quite variable among
clearcut stands.

Relative graminoid abundance was greatest (-15% cover) in the least

developed stands and accounted for a smaller proportion of the total understory
vegetation as crown cover increased (Figure 8F). However, this relationship was weak (r
= 0.38). Total graminoid cover was not correlated significantly with stand age, tree stem
density, breast height diameter, or height values. Younger stands tended to be associated
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with a greater range of graminoid cover values compared to stands older than about 25
years (Figure 9F).

Mosses
Mosses were least abundant in crown cover class 1 (23.0% cover), and tended to
be most abundant in crown classes 6 through 8, with about 50 percent cover.
Polytrichum commune was the most abundant (<20.3% cover) moss species in classes
with <31 percent crown cover (Table 8).

In cover classes 4 through 8, Pleurozium

schreberi was more abundant (>20.6% cover) than all other moss species combined.
Feathermoss {Pleurozium

schreberi,

Hylocomium

splendens, and Ptilium

crista-

castrensis) abundance increased with increasing crown cover (e.g., r = 0.62, P <0.001, n
= 143), whereas Ceratodon purpurescens and Polytrichum commune cover decreased
(e.g., r = -0.32, P O.001, n = 143).
Mosses ranged up to 91 percent cover among individual stands and were the
growth-form correlated most strongly (r = 0.55, P <0.001) with crown cover (Figure 7H).
The variability of moss cover values tended to remain constant as crown cover increased,
whereas the variability of relative moss cover decreased as crown cover increased (Figure
8G). Mosses accounted for commonly >30 percent of the total understory vegetation
cover in clearcut stands and relative cover increased with increasing crown cover, but the
relationship between variables (r = 0.34) was weak (Figure 8G). Moss cover and stand
age also were correlated significantly, and a regression model indicated that moss cover
increased initially and then stabilized at about 50 percent cover approximately 30 years
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after disturbance (Figure 9G). This curvilinear regression model showed that moss cover
decreased (r = 0.64, P <0.001) as stand age exceeded about 35 years, however, there was
also a strong linear relationship (r = 0.55, P <0.001) between the two variables. The
abundance of moss species in the native vegetation suggests that moss cover will likely
continue to increase over time and not stabilize as suggested by the regression model.
Moss cover increased with increasing tree stem density (r - 0.18, P 0.034), breast height
diameter (r = 0.48, P <0.001), and height (r = 0.53, P <0.001) in clearcut stands (n =
143).

Lichens
Mean lichen cover differed significantly among crown cover classes and tended to
be lower in class 1 (mean 1.2% cover) and greater in classes 2 (5.8%) and 6 (5.3%)
(Table 7). Scheffé tests did not distinguish other classes from one another based on mean
lichen cover. Peltigera aphthosa was the most abundant lichen species with <6.4 percent
cover (Table 8).

Other relatively abundant (i.e., >0.1 percent cover in seven cover

classes) lichen species included Cladonia mitis, Cladonia chlorophaea, Cladonia gracilis
ssp. gracilis and ssp. turbinata. Based on Kruskal-Wallis tests, the abundance of these
lichen species differed significantly among cover classes (Table 8). However, Scheffé
tests only differentiated cover class 1 from 6 based on greater mean Peltigera aphthosa
cover in the latter class.
Total (r = 0.38) and relative (r = 0.26) lichen cover was correlated significantly,
but weakly, with increasing crown cover (Figures 71 and 8H). Curvilinear regression
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models indicated that lichen abundance peaked when percent crown cover ranged
between 40 and 50 percent.

When correlated with stand age, a peak in lichen cover

occurred at approximately 25 years (Figure 9H). Stands between 20 and 30 years of age
also were associated with the greatest variability in lichen abundance.

2

Stand age (r =

2

0.12) and crown cover (r = 0.14) equally explained the variance in lichen cover. Lichen
cover increased with increasing tree breast height diameter (r = 0.23, P 0.007, n = 143),
but was not correlated significantly with either tree stem density or height.

Serai classification of understory species
The early serai and native vegetation had a total of 83 species in common, which
represented about 66 percent of the flora (Table 9). Although 47 of the 130 species
identified in the early serai vegetation were absent from native stands, only 14 understory
species (<3 m tall) were classified as early serai plants. Most of the early serai species
were either forbs (5 species) or graminoids (4 species), although tall and low deciduous
shrubs, low ericaceous shrubs, and mosses were identified also. Polytrichum commune
was the most abundant species in the early serai vegetation, averaging 13.8 percent cover
and 86 percent constancy.

Other abundant early serai species included Vaccinium

caespitosum (4.7% cover), Calamagrostis canadensis (3.5%), Chamerion angustifolium
(3.4%), and Poa palustris (1.1%) (Table 9). Eleven early serai plants were present in
native stands, but only Chamerion angustifolium and Vaccinium caespitosum had >1.0
percent cover. Early serai species that were absent from native stands included: Salix
spp. (1-3 m tall), Carex richardsonnii, Poa palustris, said Rubus idaeus.
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Table 9. Classification of understory species in early serai clearcut and native stands.
The presented data are mean percent cover, (standard deviation), and percent constancy
of species having >20 percent constancy and significantly different abundance between
groups. Differences in abundance determined by Mann-Whitney U-tests.

Early Serai
Stands

Native
Stands

P

Classification

0.4(1.2)18
0.5(1.6)20

0.8(1.6)42
0

0.033
0.020

Later
Early

0.2(0.3)36
0.2(0.6)30
3.5(7.4)41
0.3(1.0)24
3.4(3.1)91
2.5(2.5)98
2.4(3.4)80
0.1(0.2)1
+(0.1)6
+(0.1)2
+(0.1)18
0.7(1.2)53
1.1(2.8)20
0
0.5(1.1)45
0.3(0.7)56
4.7(4.8)86
+(0.2)11
3.0(3.3)82
+(0.3)3
0.1(0.2)38

+(0.2)4°
+(0.1)4
0.3(0.9)13
0
1.0(1.6)50
7.6(6.0)96
4.3(5.0)100
0.1(0.2)38
1.2(2.1)63
0.5(1.3)21
0.3(0.4)42
0.2(0.5)29
0
0.2(0.4)25
0
+(0.2)4
2.8(4.3)63
2.6(6.9)33
10.2(9.8)92
1.0(4.1)25
+(0.1)8

0.005
0.011
0.010
0.009
O.001
<0.001
0.013
<0.001
<0.001
0.001
0.005
0.040
0.020
O.001
<0.001
<0.001
0.025
0.004
<0.001
0.001
0.012

Early
Early
Early
Early
Early
Later
Later
Later
Later
Later
Later
Early
Early
Later
Early
Early
Early
Later
Later
Later
Early

+(0.2)4 <0.001
1.5(2.4)50
3.2(6.5)64 27.5(24.7)92 <0.001
5.8(7.0)82 29.0(24.1)100 <0.001
0.8(1.7)46 <0.001
13.8(12.2)86
17.4(16.3)92
<0.001
0.2(0.8)21

Early
Later
Later
Early
Later

0.4(0.5)42 O.001
2.4(2.9)75 0.005

Later
Later

3

Tall Shrub stratum (1-3 m tall)
Picea spp.
Salix spp.
Low Shrub and Herb stratum (<lm tall)
Achillea millefolium
Agrostis scabra
Calamagrostis canadensis
Carex richardsonii
Chamerion angustifolium
Cornus canadensis
Linnaea borealis
Listera cordata
Lycopodium annotinum
Lycopodium complanatum
Orthilia secunda
Petasites frigidus
Poa palustris
Pyrola chlorantha
Rubus idaeus
Taraxacum officinale
Vaccinium caespitosum
Vaccinium membranaceum
Vaccinium vitis-idaea
Viburnum edule
Viola renifolia
Moss stratum
Ceratodon purpurescens
Hylocomium splendens
Pleurozium schreberi
Polytrichum commune
Ptilium crista-castrensis
Lichen stratum
Hypogymnia physodes
Peltigera aphthosa
b

0
1.2(2.5)47
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Table 9. Concluded.

Peltigera canina
Usnea spp.

Early Serai
Stands"
0.1(0.9)2
0

Total early serai species cover
Total later serai species cover
Species richness
Number of exclusive species
Number of common species
Number of samples
0

Native
P
Stands
0.2(0.4)21
0.001
0.6(0.8)42 <0.001

30.8
19.4
130
47
83
66

5.5
105.7
128
45
83
24

Classification
Later
Later

-

Clearcut stands in first three crown cover classes (i.e., <30% crown cover) are defined as
early serai vegetation.
Picea glauca and Picea mariana combined.
A '+' indicates cover <0.1%.
Taxa identified to genera counted as one species in column totals.

-

-

-
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The native vegetation contained a total of 128 species (Table 9). Forty-five of
these species were absent from early serai stands (e.g., Chimaphila umbellata (L.) W.
Bart., Empetrum nigrum L., Lathyrus ochroleucus, Listera cordata, Peltigera malacea),
but they were not highly abundant (<1% cover) in native stands.

Only 18 later serai

species were identified and most were forbs (7 species) and lichens (4 species). Later
serai tall coniferous, low deciduous, and low ericaceous shrubs, and mosses were
identified also. Pleurozium schreberi was the most abundant later serai species in the
native vegetation, averaging 29 percent cover with 100 percent constancy among stands.
Other abundant species were Hylocomium splendens (27.5% cover), Ptilium cristacastrensis (17.4%), Vaccinium vitis-idaea (10.2%), and Cornus canadensis (1.6%) (Table
9).

Fourteen later serai species were present in the early serai vegetation, including

Pleurozium schreberi (5.8% cover), Hylocomium splendens (3.2%), and Vaccinium vitisidaea (3.0%) (Table 9). Pyrola chlorantha, Hypogymniaphysodes, and Usnea spp. were
later serai species absent from early serai stands.

Early serai understory vegetation
Mean early serai species cover ranged up to 40.4 percent and differed
significantly by crown cover class, but Scheffe tests did not distinguish among classes
(Table 10). However, the relative cover of early serai species in the overall understory
vegetation was significantly greater in crown cover classes 1 (mean 37.9% cover) and 2
(40.7%) when compared to cover class 8 (16.3%) (Table 10).

A regression model

indicated that early serai species abundance remained constant at about 30 percent

Table 10. Early and later serai growth-forms in clearcut stands. Data values are mean percent cover (standard deviation), Scheffé
rank and Kruskal-Wallis test values stratified by crown cover class. Mean and standard deviation values followed by the same letters
do not differ significantly based on Scheffé rank tests.
b

Growth-form'

1
(<10%)

2
(11-20%)

3
(21-30%)

Crown Cover Class
4
5
(31-40%)
(41-50%)

6
(51-60%)

7
(61-70%)

Total early serai cover
Relative cover
Tall deciduous shrubs
Low deciduous shrubs
Low ericaceous shrubs
Forbs
Graminoids
Mosses

27.0(16.7)a 40.4(16.8)3 36.5(18.3)a
37.9(18.3)b 40.7(13.3)b 38.0(16.5)3b
0.5(1.6)3
0.9(1.7)a
0.5(1.3)3
0.5(1.3)3
0.1(0.3)3
0.7(0.7)3
7.3(6.3)ab
3.5(3.9)3 7.3(5.3)ab
4.1(2.0)3
4.5(2.8)3
4.7(4. l)a
4.1(6.7)3
6.6(7.9)a
7.7(14.2)a
13.7(12.1)3 21.4(13.8)3 15.9(16.1)3

Total later serai cover
Relative cover
Tall coniferous shrubs
Low deciduous shrubs
Low ericaceous shrubs
Forbs
Mosses
Lichens

15.9(13.4)3 23.6(10.0)ab 27.7(17.8)abc 43.8(16.3)3bc 47.2(22.5)3bc 58.6(18.5)bc 69.9(24.8)c
21.8(13.3)3 23.8(9.3)3b 28.4(15.7)ab 39.0(12. l)abc 44.5( 13.9)abc 50.0(14.7)bc 50.8(16.3)bc
0.2(0.6)a
l.l(2.5)a
0.2(0.5)3
1.4(2.5)3
1.0(2.5)3
0.7(1.3)3
1.2(2.5)a
03
0.2(0.7)a
0a
0a
+(0.3)3
0.5(1.5)3
+(+)3
3.6(3.4)3b
7.5(5.6)3b
5.7(7.6)sb
8.2(5.3)b 9.3(9.8)ab
2.7(3.1)a 4.0(4.2)ab
4.2(4.3)3 5.0(4.3)abc 8.1(7.1)abc
4.3(2.7)ab 6.6(5.5)abc 9.5(5.2)bc 13.5(10.2)bc
7.8(8.6)3 10.7(8.9)ab 14.2(1 l.l)3bc 25.9(17.3)sbc 29.7( 16.3)3bc 33.3(14.7)bc 39.7(15.2)c
1.3(2.5)ab
4.8(4.5)ab
4.1(4.1)ab
6.8(6.2)b 5.6(6.5)ab
1.0(2.2)3 2.7(3.8)ab

Early/Later species ratio
Number of samples

0.6
45

0.6
11

Only applicable growth-forms are included.
A '+' indicates <0.1 percent cover.

0.8
10

8
(>71%)

18.9(10.6)a 26.3(15.7)3 26.4(17.8)a 29.2(19.9)3 18.1(10.6)a 0.012
18.9(13.4)ab 24.9(13.6)ab 22.1(13.9)ab 21.2(13.7)ab
16.3(8.8)3 <0.001
0.2(0.4)a
1.3(3.5)3
1.0(2.2)a
1.8(4.0)3
0.4(0.9)a 0.277
1.0(2.7)a
+(+)3
+(0.2)3
0.1(0.3)a
+(0.2)3 0.001
4.7(4.9)ab
11.0(6.0)3b
9.9(7.2)b 8.0(7.3)3b 5.9(6.2)ab 0.001
2.4(1.3)3
2.5(1.2)a
3.5(2.5)3
7.0(6.1)a
5.1(3.6)3 0.051
1.4(1.4)3
6.4(11.4)3
2.6(4.3)3 7.0(10.5)3
2.3(4.4)3 0.868
9.1(8.9)3
5.2(6.3)a 9.2(11.1)3
5.4(6.5)a
4.3(5.7)3 0.002

2.3
11

1.8
8

2.2
18

2.4
19

64.8(24.8)bc
58.1(13.7)c
0.9(2.3)3
0.3(0.7)3
6.0(7.l)3b
19.2(13.1)c
36.3(16.4)bc
2.1(3.1)ab

<0.001
<0.001
0.294
0.011
0.002
<0.001
<0.001
<0.001

3.6
21

-
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cover and then decreased as crown cover exceeded 50 percent (Figure 10A). Although
early serai species and crown cover values were significantly correlated, the relationship
was weak (r = 0.22) and crown cover explained only five percent of the variance in early
serai species cover values. The scatter diagram showed that early serai species cover
values were highly variable among clearcut stands, regardless of percent crown cover,
and early serai cover ranged up to 80 percent among stands with <70 percent crown
cover. Compared to absolute cover values, the relative abundance of early serai species
in the understory vegetation was more strongly correlated (r = 0.50) with increasing
crown cover (Figure 11 A).

The y-intercept of the regression line indicated that early

serai species composed a maximum of 40 percent of the total understory vegetation, and
decreased with increasing crown cover. Early serai species cover was not correlated with
stand age (Figure 12A).
Salix spp., Rubus idaeus, and Vaccinium caespitosum were the early serai tall
deciduous, low deciduous and low ericaceous shrubs, respectively (Table 9). Vaccinium
caespitosum was most abundant in the early serai vegetation, averaging 4.7 percent
cover, whereas Salix spp. and Rubus idaeus cover was 0.5 percent.

Early serai tall

deciduous cover did not differ significantly among crown cover classes (Table 10).
Correlation analyses also indicated that total (Figure 13A) and relative (r = 0.02, P 0.788,
n = 143) early serai tall deciduous cover was not related to crown cover. The maximum
relative abundance of these shrubs in the understory vegetation was 11.8 percent.
Although cover was not correlated with stand age, the scatter diagram showed that most
occurrences of early serai tall deciduous shrubs were associated with stands younger than
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2

y = 28.1122 + 0.1766(CC)-0.0034(CC )
r = 0.22, P 0.035, S.E. = 16.74

O

20

40

60

Crown cover (%)

80

y = 15.1443 + 0.7013(CC)
r = 0.75, P <0.001, S.E. = 18.84

100

0

20

40

60

80

100

Crown cover (%)

Figure 10. Scatter diagrams and regression models of total early (A) and later (B) serai
understory species cover in relation to percent crown cover in clearcut stands (n = 143).

Figure 11. Scatter diagrams and regression models of the relationships between relative
early (A) and later (B) serai understory species cover and percent crown cover (CC) in
clearcut stands (n = 143).
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2

y = -16.6045 + 4.9570(Age) - 0.0746(Age )
r = 0.73, P <0.001, S.E. = 19.40

r = -0.03, P 0.730

0

10

20

30

Stand age (years)

40

50

0

10

20

30

40

Stand age (years)

Figure 12. Scatter diagrams and regression models of the relationship between total early
(A) and later (B) serai understory species percent cover and stand age in clearcut stands
(n= 143).

2

r = 0.08, P 0.321

y = 0.5652 - 0.0063(CC)
r = 0.18, P 0.035, S.E. = 1.07

y = 3.3347 + 0.2134(CC) - 0.0021(CC )
r = 0.33, P <0.001, S.E. = 5.85

r = 0.08, P 0.357

r = -0.04, P 0.647

y= 15.5130-0.1346(CC)
r = 0.35,P<0.001, S.E. = 10.82
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Figure 13. Scatter diagrams and regression models of relationships between early serai growth-form cover and percent crown cover
(CC) among clearcut stands (n = 143).

r <-0.01, P 0.958

Stand age (years)

y = 0.7746 - 0.0246(Age)
r = 0.23, P 0.007, S.E. = 1.06

Stand age (years)

y = 2.4054 + 0.2187(Age)
r = 0.36, P <0.001, S.E. = 5.78

Stand age (years)

Figvire 14. Scatter diagrams and regression models of relationships between early serai growth-form cover and stand age among
clearcut stands (n = 143).
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25 years of age (Figure 14A).
Mean early serai low deciduous cover was <1.0 percent among crown cover classes
and Scheffé tests did not identify the significantly different classes (Table 10).
Correlation analyses and regression models indicated that early serai low deciduous shrub
cover was negatively related to increasing crown cover (Figure 13B) and stand age
(Figure 14B), but both variables explained less than five percent of the variance in low
deciduous shrub cover. Relative cover in the understory vegetation also was related
negatively to increasing percent crown cover (r = -0.18, P 0.030, n = 143). Compared to
other early serai growth-forms, the tall and low deciduous shrub species were a minor
component of the clearcut stand vegetation.
Scheffé tests indicated that early serai low ericaceous (i.e., Vaccinium caespitosum)
cover differed significantly between crown cover classes 1 (mean 3.5% cover) and 6
(9.9%), but did not distinguish other classes (Table 10). Early serai ericaceous cover was
correlated significantly with crown cover, and a regression model indicated that cover
peaked at about 10 percent when crown cover was approximately 50 percent (Figure
13C). Early serai ericaceous cover then decreased as crown cover exceeded 60 percent.
The relative proportion of these shrubs in the understory vegetation ranged up to 29.6
percent among stands but was not correlated with percent crown cover (r = 0.03, P 0.759,
n = 143). When regressed against stand age, a linear increase occurred in early serai low
ericaceous cover (Figure 14C).

In contrast to other early serai growth-forms that

decreased in abundance with increasing crown cover and age, low ericaceous shrub cover
increased and scatter diagrams showed that these shrubs were commonly abundant (i.e.,
>10% cover) among clearcut stands with >50 percent crown cover and ages >20 years.
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However, early serai ericaceous shrub abundance was lower (mean 2.8% cover) among
native stands (Table 9).
The most abundant early serai forb was Chamerion angustifolium, averaging 3.4
percent cover among early serai clearcut stands (Table 9).

Other species included

Petasites frigidus, Taraxacum officinale, Achillea millefolium, and Viola renifolia. Early
serai forb cover averaged <7.0 percent in all crown cover classes and did not differ
significantly among classes (Table 10). Correlation analyses indicated that early serai
forb cover was not related to crown cover (Figure 13D) or stand age (Figure 14D).
However, Petasites frigidus abundance was correlated positively with crown cover (r =
0.25 P 0.003, n = 143) and age (r = 0.22, P 0.010, n = 143), whereas the abundance of
Taraxacum officinale was correlated negatively with age (r = -0.21, P 0.010, n = 143).
Although overall early serai forb cover was not correlated with crown cover or stand age,
its proportion in the understory vegetation decreased as crown cover increased (r = 0.195, P 0.019, n = 143), representing <41.3 percent among stands.
Agrostis scabra, Calamagrostis canadensis, and Carex richardsonnii

were

identified as early serai graminoid species (Table 9). Mean early serai graminoid cover
was <7.0 percent among crown cover classes and was not related to increasing crown
cover (Table 10; Figure 13E). Although early serai graminoid cover was not correlated
with stand age, the scatter diagram showed that cover varied more among younger stands
than those older than about 25 years (Figure 14E). The relative proportion of early serai
graminoids in the understory vegetation was <32.8 percent and was not correlated
significantly with increasing percent crown cover (r - -0.16, P 0.063, n - 143).
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Both Polytrichum commune and Ceratodon purpurescens were identified as early
serai mosses (Table 9). Early serai moss cover tended to be greater in crown cover
classes 1 through 3 (>13.7% mean cover) and decreased to <9.2 percent in classes 4
through 8 (Table 10). Although regression models indicated that early serai moss cover
decreased with increasing percent crown cover (Figure 13F) and age (Figure 14F), scatter
diagrams showed that moss cover was highly variable among stands.
explained 12 percent of this variance, whereas age explained <4 percent.

Crown cover
The relative

abundance of early serai moss cover in the understory vegetation among clearcut stands
was 60.7 percent, and relative cover values decreased with increasing percent crown
cover (r = -0.48, P <0.001, n = 143).

Later serai understory vegetation
Total later serai understory vegetation abundance increased gradually with
increasing crown cover, with Scheffé tests distinguishing crown cover class 1 (mean
15.9% cover) from classes 6 (58.6%) through 8 (64.8%) (Table 10). When crown cover
exceeded about 30 percent, later serai species were approximately twice as abundant as
early serai species (Table 10). Compared to early species, later serai species cover was
correlated more strongly (r ~ 0.74) with both crown cover and stand age (Figures 10B
and 12B). According to a regression model, later serai species composed an increasing
proportion of the total understory vegetation (Figure 11B). Other regression models
indicated that later serai species cover increased linearly with crown cover and the
variance in later serai species cover values remained relatively constant (Figure 10B). In
contrast, later serai species cover reached a maximum of about 60 percent cover when
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modelled against stand age, and cover tended to decrease as age exceeded about 35 years
(Figure 12B). Individual cover values also became increasingly variable as stand age
exceeded about 15 years.

A s later serai species cover among native stands was

approximately 100 percent, cover among clearcut stands may continue to increase over
time and not decrease as suggested by regression modelling (Figure 12B).
Later serai tall coniferous, low deciduous, and low ericaceous shrubs included
Picea spp., Viburnum edule, and Vaccinium membranaceum and Vaccinium vitis-idaea,
respectively (Table 9).

Later serai tall coniferous shrub cover was <1.4 percent in

clearcut stands and there was no significant difference between cover classes (Table 10).
This growth-form was not correlated with either crown cover (Figure 15A) or stand age
(Figure 16A). Tall coniferous shrubs were most frequently observed when stand ages
ranged from 10 to 30 years, when tall shrubs were reaching tree heights (i.e., 3 m). The
relative abundance of later serai tall coniferous shrubs in the understory vegetation did
not change as crown cover increased (r = 0.10, P 0.251, n = 143).
Later serai low deciduous shrub cover did not contribute substantially to
understory vegetation abundance in clearcut stands (Table 10).

Cover was sparse

(<0.2%) in crown cover classes 1 through 5, and slightly greater (>0.3%) in classes 7 and
8 (Table 10). Although regression models indicated that later serai low deciduous shrub
abundance increased with increasing crown cover (Figure 15B) and age (Figure 16B), r

2

values were less than five percent. The relative proportion of later serai low deciduous
shrubs also increased with crown cover (r = 0.23, P 0.006, n = 143), but cover values did
not exceed 4.2 percent among stands.

y =-0.0270+ 0.0044(CC)
r = 0.21, P 0.013, S.E. = 0.64

r = 0.16, .P 0.052

y= 7.2549 + 0.4207(CC)

y= 2.8246+ 0.1618(CC)
r = 0.55,P<0.001, S.E. = 7.59

F = O J O - P O O O i , S.E. = 13.15
5

2

y = 1.6012 + 0.2563(CC) - 0.0025(CC )
r = 0.42,P<0.001, S.E. = 5.70

y = 0.3387 + 0.1945(CC) - 0.0019(CC)
r = 0.41,P<0.001, S.E. = 4.23

D

Í

O

Crown cover (%)

Crown cover (%)

Crown cover (%)

Figure 15. Scatter diagrams and regression models of later serai growth-form cover in relation to percent crown cover (CC) among
clearcut stands (n = 143).

r = 0.10, P 0.233

Stand age (years)

y=-0.1437+ 0.0156(Age)
r = 0.24, P 0.004, S.E. = 0.630

Stand age (years)

2

y = -1.9851 + 0.7113(Age) - 0.0126(Age )
r = 0.40,P<0.001, S.E. = 5.76

Stand age (years)

Figure 16. Scatter diagrams and regression models or later serai growth-l'orm cover in relation to stand age among clearcut stands (n =
143).
OO
O

81
Later serai low ericaceous shrub cover differed significantly among crown
cover classes, but Scheffé tests distinguished only class 1 (mean 2.7% cover) from class 6
(8.2%) (Table 10). A regression model indicated that later serai ericaceous cover peaked
slightly (-10% cover) when crown cover was approximately 50 percent (Figure 15C), or
when stands were approximately 30 years old (Figure 16C). However, crown cover and
age explained about 14 percent of the variance in low ericaceous shrub cover data values.
The proportion of later serai low ericaceous shrubs in the understory vegetation of
clearcut stands also was correlated with crown cover, peaking when crown cover was
approximately 50 percent (r = 0.19, P 0.024, n = 143).
Later serai forbs included: Cornus canadensis, Linnaea borealis, Listera cordata,
Orthilia

secunda,

Pyrola

chlorantha,

Lycopodium

annotinum,

and

Lycopodium

complanatum (Table 9). Most later serai forbs were common in clearcut stands, whereas
Listera cordata and Pyrola chlorantha were absent from the early serai vegetation (Table
9), but were present in clearcuts with increased crown cover. Later serai forb cover
increased gradually with increasing crown cover, averaging <9.5 percent in crown cover
classes 1 through 6, and 19.2 percent class 8 (Table 10). Later serai forb cover increased
with increasing crown cover (Figure 15D) and stand age (Figure 16D), with crown cover
2

2

(r = 0.29) explaining twice the variance in forb cover than stand age (r = 0.14). The
variance in forb cover values tended to increase with both crown cover and age. The
relative abundance of later serai forb species in the understory vegetation increased when
crown cover exceeded 40 percent (r = 0.36, P <0.001, n = 143).
Only Hylocomium splendens, Pleurozium schreberi, and Ptilium crista-castrensis
were identified as later serai mosses (Table 9). Later serai moss cover increased with
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increasing crown cover (Table 10; Figure 15E). Mean cover tended to be lowest in
crown cover class 1 (mean 7.8% cover) greatest in class 7 (39.7%) according to Scheffe
tests (Table 10).
linearly with

Although a regression model indicated that moss cover increased

crown cover (Figure

15E), later

serai moss

abundance

peaked

approximately 35 years after clearcutting when modelled against stand age (Figure 16E).
Although cover decreased in stands older than 40 years, the greater abundance (-75%
cover) of feathermoss species in native stands suggests that later serai moss cover may
2

continue to increase in abundance over time. Both crown cover and age equally (r =
0.48) explained the variance in moss cover values. The relative proportion of later serai
mosses in the understory vegetation ranged up to 50 percent among stands, increasing
linearly with crown cover (r - 0.67, P <0.001, n = 143).
Later serai lichens included Hypogymnia physodes, Peltigera aphthosa, and
Peltigera canina (Table 9). Mean cover ranged between 1.0 and 7.5 percent and tended
to be greater in crown cover classes 4 through 7, although Scheffe tests only
distinguished class 1 (mean 1.0% cover) from class 6 (6.8%) (Table 10). Later serai
lichen abundance was correlated with crown cover (Figure 15F) and stand age (Figure
16F). Although later serai lichen cover increased linearly with age, a regression model
indicated that hchen cover peaked at about five percent when crown cover was
2

approximately 55 percent. Crown cover (r = 0.16) explained a greater proportion of the
2

variance in lichen cover than did age (r = 0.08), but both correlations were relatively
weak (r <0.41). The relative proportion of later serai lichen species in the understory
vegetation was significantly correlated with crown cover (r = 0.23, P 0.005, n = 143).
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Ordination of clearcut and native stands
Clearcut and native stands (n = 166) were ordinated based on understory species
cover. The results indicated that the x- and y-axes explained 47 percent of the variance in
the original data set. The explained variance on the x-axis was 29 percent and this axis
was correlated negatively (P <0.001) with tree height (r = -0.66), crown cover (-0.65),
stand age (-0.58), moss cover (-0.56), tree D B H (-0.55), low ericaceous shrub cover (0. 51), total understory species abundance (-0.46), and fine Utter cover (-0.45). The x-axis
was correlated positively with coarse woody debris (r = 0.52, P O.001), and mineral soil
and rock cover (r = 0.52, P <0.001).

Compared with the x-axis, the y-axis was not

correlated as strongly with low ericaceous shrub (r = -0.44, P <0.001) and moss (-0.27, P
<0.001) cover. In addition to graminoid cover (r = 0.32, P <0.001), the y-axis was
correlated positively with understory cover, tree D B H , slope, and aspect values, but the
associated correlation coefficients were relatively small (r <0.25, P <0.001). Although
the explained variance on the z-axis was only four percent, this axis was equally
correlated with tall deciduous shrub and graminoid cover (r = 0.27, P O.001).
To simplify presentation of the ordination, only the central position for each
crown cover class was plotted based on mean coordinates (Figure 17). Stands in the
ordination were arranged from oldest to youngest along the x-axis. Crown cover classes
1, 2, and 3 were younger than about 20 years old, and averaged <30 percent crown and
<100 percent understory cover. Low ericaceous shrub (<20%) and moss (<30%) cover
was relatively low among these stands. Fine litter cover was also low (~55%), but woody
debris (>10%), and mineral soil and rock (-5%) cover was higher when compared with
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Figure 17. Generalized ordination of stand understory species composition (n = 166).
Points represent the mean coordinates among stands by crown cover class, with point 9
being native stands. See Table 10 for cover class hmits. Lines represent percent moss
cover.
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older stands. Trees were small among these cover classes, with D B H averaging about
6 cm and height <3 m.
Cover classes containing older clearcut stands were positioned near the center of
the x-axis (Figure 17). Stands in cover classes 4 through 8 averaged between 20 and 30
years of age, with >30 percent crown and >100 percent understory cover.

Low

ericaceous shrub cover was >20 percent, whereas moss cover ranged between about 40
and 55 percent.

These classes had decreased woody debris (<10%) and soil cover

(<1.0%), but increased fine litter (>60%) abundance when compared with younger
stands. Trees were also larger, and averaged about 7 cm in D B H and 5 m in height. Age
and tree characteristics also separated native stands from the cutblocks along the x-axis.
Native stands were much older than the clearcuts, averaging 85 years of age, and trees
were larger (16 cm D B H and 16 m tall). Understory vegetation was more developed also
among native stands, averaging >140 percent cover with >70 percent moss cover (Figure
17). When compared with clearcut stands, the native stands were not distinguishable
based on low ericaceous shrub cover (<40%), woody debris (4%), fine litter (64%), or
mineral soil and rock (<0.1%), although these variables were correlated with the x-axis.
The arrangement of the stands along the y- and z-axes did not represent a
distinctive pattern in relation to canopy or understory composition and abundance, stand
age, or other site variables. Stand locations on the y-axis were not significantly different
among crown cover classes (P 0.542 based on Kruskal-Wallis test).

Stand locations

along the x- and z-axes, based on cover classes, were significantly different (P <0.004
based on Kruskal-Wallis H-tests). Scheffé rank tests did not differentiate cover classes
on the z-axis, but indicated that crown cover classes overlapped on the x-axis (Figure 18).
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Crown Cover Class
7

6
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3

2

1

Figure 18. Comparison of crown cover class locations along the ordination x-axis
(Figure 17). Lines indicate cover classes that did not differ significantly based on
Scheffé rank tests.

Crown cover class 1 was separated clearly from cover classes 5 through 9 on the
x-axis.

Classes 2 through 4 were intermediate compared to the youngest and least

developed vegetation associated with cover class 1, and the oldest and more developed
vegetation in crown cover classes 5 through 9.

Wildlife forage availability in clearcut and native stands
The most preferred forage species in clearcut stands, regardless of ungulate
species, were Chamerion angustifolium, Salix spp., Rosa acicularis, Populus tremuloides,
Lonicera involucrata, and Viburnum edule. Average forage preference index (PI) values
for mule deer, elk, and moose did not differ substantially among crown cover classes
(Table 11). Mule deer PI values averaged 1.2 (~ moderate) on a 3.0 scale for summer

Table 11. Average forage (FI) and preference index (PI) values for mule deer, elk, and moose in clearcut and native stands by season.
Data values are mean and (standard deviation) for index units. Scale for PI values ranges from 0 (no preference) to 3 (high
preference)
1
(<10%)
Preference Index Units
Mule Deer
Elk
Moose

1.3
0.9
2.1

2
(11-20%)

1.2
0.9
2.1

3
(21-30%)

1.1
0.7
1.8

Crown Cover Class
4
5
6
(31-40%) (41-50%) (51-60%)
Summer
1.3
1.0
0.6
0.9
1.9
1.9

7
(61-70%)

8
(>71%) Native Stands

1.2
0.6
1.9

1.2
0.7
1.8

1.2
0.8
1.7

1.0
0.5
0.9

Winter
Mule Deer
Elk
Moose

Forage Index Units
Mule Deer
Elk
Moose
Mule Deer
Elk
Moose
Number of samples

0.7
1.1
0.9

0.8
1.3
1.3

0.8
0.8
1.2

0.7
0.7
1.3

1.0
0.8
0.9

0.8
0.8
1.2

0.6
0.8
1.2

0.6
0.7
0.9

0.7
0.7
0.8

13.4(10.7)
22.8(12.3)
23.9(13.7)

21.8(15.1)
38.6(24.7)
34.1(17.5)

13.7(10.2)
31.2(14.6)
31.6(16.2)

22.5(26.9)
25.0(26.1)
15.1(21.0)

21.4(15.0) 26.1(13.5)
29.9(9.8)
26.3(16.7)
17.4(8.8)
19.6(14.1)

20.1(13.1)
34.4(28.7)
23.8(16.3)

16.9(14.3)
22.4(14.6)
13.3(6.7)

Summer
12.8(8.8)
33.9(24.2)
18.5(12.2)

13.0(10.7) 19.7(11.6)
33.1(22.6) 44.8(19.3)
4.6(6.4)
3.6(6.3)

16.8(12.4)
41.7(54.9)
8.9(11.6)

9.1(7.3)
18.7(9.8)
3.3(4.3)

Winter
15.6(15.0)
32.6(31.9)
5.2(7.6)

9.4(6.5)
24.1(16.2)
5.4(7.5)

12.8(10.8)
35.9(30.0)
7.3(11.0)

9.3(6.2)
22.9(13.3)
3.8(4.6)

12.5(17.0)
52.3(43.8)
17.2(27.0)

11

10

11

8

18

19

21

24

45

OO
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and 0.8 (low) for winter. Elk forage PI values were 0.8 for summer and 0.9 for winter,
whereas moose values averaged 1.9 (moderate) in summer and 1.1 (low) in winter.
Average summer forage PI values were 0.2 forage units higher in clearcuts than among
native stands for mule deer, 0.3 for elk, and 1.0 for moose. Average mule deer winter
forage PI values were 0.1 higher in clearcut stands, whereas increases for elk and moose
were 0.2 and 0.3, respectively, in clearcuts compared with native stands (Table 11). The
abundance of higher preference browse species such as Lonicera involucrata and
Viburnum edule were greater in native stands (~1 percent mean cover) than in clearcut
stands (0.1 percent mean cover), but Populus tremuloides and Salix spp. were more
abundant in clearcuts (Tables 6 and 8).

Preferred species such as Calamagrostis

canadensis and Chamerion angustifolium were also more abundant among clearcut
stands, which attributed to increased PI values compared to native stands.
Summer mule deer forage index (FI) units ranged from 13 to 26 among crown
cover classes, whereas moose values (13 to 34) were slightly higher (P 0.004 based on
Mann-Whitney U-tests). Average forage index values for elk (22 to 39) were higher than
both mule deer and moose values (P <0.005). Compared with clearcut stands, summer
forage did not differ substantially in native stands for any wildlife species (Table 11).
Mule deer forage in summer decreased with increasing crown cover, although crown
cover explained only about five percent of the variance in FI values (Figure 19 A). Elk FI
values in summer were not related to crown cover (Figure 19C), but crown cover was
correlated positively with moose values although cover explained only nine percent of the
variance in FI values (Figure 19E).
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Figure 19. Scatter diagrams and regression models of available mule deer, elk, and
moose forage index units in relation to crown cover (CC) in clearcut stands, by season (n
=143).
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Average winter FI values for mule deer ranged between nine and 20 among
clearcut stands, whereas values for elk were slightly higher (P <0.001 based on MannWhitney U-tests) and ranged between 19 and 45. Moose winter FI values ranged up to
nine, and were significantly lower (P <0.001) than both mule deer and elk values. The
low moose values were related to the limited availability of forage plants, as total
preference-rated species cover averaged three percent.

In contrast, forage species for

deer and elk averaged approximately 15 and 35 percent cover, respectively. Although
winter FI values for mule deer were similar between clearcut and native stands, FI values
for elk and moose were about 10 units higher in native stands (Table 11). Winter FI
values for mule deer decreased with increasing crown cover (Figure 19B), whereas elk
(Figure 19D) and moose (Figure 19F) values were not correlated with crown cover.
Among clearcut stands, average winter FI values for deer and moose were 33 and 76
percent lower, respectively, than summer values.

However, elk FI values were six

percent higher in winter than in summer. In native stands, winter and summer FI values
were similar for moose but for mule deer, winter values were 43 percent lower than
summer. For elk, winter FI values doubled compared with summer. Clearcut and native
stands may not have been clearly differentiated based on FI values because percent cover
was used to represent browse density. However, PI values tended to suggest that clearcut
stands were associated with a greater abundance of preferred species, and may potentially
be associated with increased ungulate habitat quality compared to native stands (Table
10).
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C H A P T E R FIVE: DISCUSSION

Limitations of an indirect gradient analysis
Clearcut stands were sampled based on percent crown cover in order to describe
the relationship between overstory and understory development.

Ideally, this study

would be based on permanent plots sampled repeatedly as the vegetation developed over
time (i.e., direct gradient analysis, Whittaker 1973). Because permanent plots were not
available or practical, a coenocline approach was taken; a 45-year continuum of postclearcut vegetation development was represented by a composite of stands. There can be
limitations to this indirect approach to gradient analysis. For example, the probability of
identical patterns of species colonization and survival among plots is unknown and
probably low. Some differences in vegetation composition and abundance may have
occurred due to variability of site conditions (e.g., aspect, slope steepness and position,
type of soil) among sampled stands, because these conditions can affect soil moisture and
light availability for plants.

Browsing and grazing by wildlife, and mechanical site

treatments also may have affected species abundance.

Some evidence of wildlife

foraging was observed throughout the area, but was not incorporated into the analysis.
Robertson (1994) studied the effects of site treatment on phytosociology in boreal
mixedwood stands, and found that such treatments did not produce significantly different
vegetation communities. A n attempt was made to limit the range of site conditions and to
avoid sampling through overly disturbed areas (e.g., slash piles, machine-compacted
clearings), and therefore, the data should reflect at least the major patterns of vegetation
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development after clearcutting. Although environmental variability among sites can be a
major limitation of the indirect gradient analysis approach, it was thought to have had a
minimal effect on the findings of this study.

Physiognomic and successional development patterns
Several models have been proposed to describe forest stand development.
Zamora (1982, p. 68) identified herb-, shrub-, and tree-dominated developmental stages
within clearcut Abies grandis forests in northern Idaho. Herb and shrub covers began to
increase about one year after clearcutting, with herbs being most abundant during the first
ten years following disturbance. The initiation of the shrub stage was associated with
high levels of species richness and competition (Zamora 1982). Invader species (e.g.,
Geranium bicknellii), present during the herb- and shrub-dominated stages, disappeared
from the vegetation and other early serai species were reduced in abundance as tree cover
increased. Presumably, tree species were present during the herb- and shrab-dorninated
stages, but the onset of dominance began when trees exceeded the height of the shrub
stratum.
Vegetation development in clearcut lodgepole pine stands of the present study
was similar to that described by Zamora (1982). A herb-dominated stage was associated
with increased invader (e.g., Carex richardsonii, Poa palustris) and early serai species
(e.g., Calamagrostis canadensis, Chamerion angustifolium) abundance, and lasted about
ten years. Therefore, the initiation of the shrub and tree stages occurred within a time
frame comparable to the findings of Zamora (1982). In the present study, planted Pinus
contorta dominated the shrub stage, as opposed to residual deciduous shrubs. The tree-
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dominated stage began about 12 years after clearcutting; Corns and L a R o i (1976)
reported a similar timeframe for sites located approximately 100 km northeast of the
current study area.
Oliver and Larson (1990) also summarized forest stand development according to
physiognomic stages.

Their developmental sequence included a stand initiation, stem

exclusion, understory reinitiation, and old-growth stage. The Zamora (1982) herb and
shrub stages were components of the stand initiation stage, but the stem exclusion stage
was not included in his model.

Stem exclusion occurs when vigorous intraspecific

competition for light and site resources reduces high tree densities (Oliver and Larson
1990). This process was not observed, as Pinus contorta densities did not change and
tree cover continued to increase with stand age. A possible reason for the absence of the
stem exclusion stage was that clearcuts were planted for optimal tree growth (Table 7).
Typical planting densities for Pinus contorta range from 1,240 to 1,980 trees/ha, whereas
naturally regenerating stands can have > 10,000 trees/ha following disturbances such as
fire (Lotan and Critchfield 1990). The lower tree density in clearcut stands may not
result in understory suppression and reinitiation as proposed by Oliver and Larson
(1990). Therefore, early serai ground vegetation may persist for an extended period of
time prior to crown closure (Halpern and Spies 1995). Other studies also have reported a
lack of stem exclusion and understory reinitiation when normal planting densities were
applied or maintained in clearcut stands (Corns and L a R o i 1976; Blair and Brunett
1976), suggesting that understory composition could be influenced strongly by forest
management objectives. The understory reinitiation and old-growth stages described by
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Oliver and Larson (1990) were not observed in the present study because the time frame
(45 years) was too short.
In addition to physiognomic characterizations of forest stand development
patterns, secondary succession has been proposed to explain patterns of vegetation
development following anthropogenic disturbance. Although the applicability of these
models to boreal forest development has been questioned because disturbance is regular
and widespread in this environment (Dix and Swan 1971), succession theory can be used,
in part, to summarize observed patterns of Pinus contorta stand development.

Egler

(1954) concluded that vegetation development was dictated by the species that occurred
shortly after site disturbance (Initial Floristic Composition), with the systematic
appearance and disappearance of species being of lesser importance (Relay Floristics,
sensu Clements 1916). The initial floristic composition remained important throughout a
45-year period of stand development in this study. Although early serai plants composed
the majority of the vegetation for a 20-year period following clearcutting, most species
that were common in older clearcuts and native stands were present immediately after
disturbance and increased in abundance with crown cover or stand age. Approximately
20 years after clearcutting, when crown cover exceeded 30 percent, later serai species
were more abundant than early serai plants. Other studies have reported substantial (e.g.,
30-50% cover) increases in early serai species cover during the first ten years following
disturbance, but also noted the presence of later serai species (Dyrness 1973; Halpern and
Spies 1995; De Grandpre et al. 2000). In the present study, some invader species (e.g.,
Carex richardsonii, Poa palustris, Rubus ideaus) contributed to the initial floristics
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following clearcutting, but did not dominate the vegetation because of their low cover
(-2%) and because residual plants expanded quickly. Therefore, post-clearcut invader
and early serai species had a minimal effect on the longer-term vegetation composition,
which also has been reported by Dyrness (1973), Corns and L a R o i (1976), Outcalt and
White (1981), Zamora (1982), Robertson (1984), and Brumelis and Carleton (1989).
The models of Clements (1916) and Egler (1954) can be used to describe
vegetation development at the species level, but Connell and Slatyer (1977) proposed
three ecologically-based succession pathways (facilitation, tolerance, and inhibition
models). Facilitation is the equivalent to relay floristics. The inhibition and tolerance
models

represent

succession

as

a

function

of dominant-subdominant

species

relationships, which are dependent on adaptations for survival, but occur independently
of site modifications caused by earlier plants (Connell and Slatyer 1977). Therefore,
initial floristic composition is common to both the inhibition or tolerance pathways.
Under the inhibition model, initially established plants that become dominant have a
strong negative influence on the survival of subordinate species, by monopolizing
resources and inhibiting the establishment of new species.

Because intraspecific

competition will eventually reduce the number of early serai species and release
resources for others, the pathway of inhibition has some similarities with the concepts of
stem exclusion (Oliver and Larson 1990). Under the tolerance model, dominant plants
also suppress subordinate species, but not to the same extent as occurs under inhibition.
In forest stands, the overstory vegetation is typically dominant relative to the understory
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vegetation because of physical height and abundance differences. Therefore, subordinate
understory species must be tolerant of less than optimal resource conditions.
It was interpreted that vegetation development among the studied clearcut stands
approximated the tolerance pathway of succession.

Evidence that supports this

interpretation included: (i) initial floristics largely determined the later vegetation
composition (Table 4); (U) understory vegetation cover increased with increasing age
and, in part, crown cover after clearcutting (Figure 6); («/) the understory cover was
abundant (i.e., >100 percent cover) when crown cover exceeded 30 percent and did not
decrease until >70 percent; and (Zv) the invasion of Picea spp. into the understory
vegetation was not inhibited as the rate of recruitment was relatively constant. Although
the "net effect" (Connell et al. 1987) of the overstory on understory vegetation was
somewhat negative and represented a tolerance successional pathway, some evidence
suggested that facilitation processes also occurred in the vegetation.

For example,

feathermosses gradually increased in abundance with increasing over- and understory
cover, which suggested that the development of these plants was encouraged by shading
as the vegetation developed.

Models of Pinus contorta vegetation development following clearcutting
Two composite models are presented to summarize Pinus contorta vegetation
development patterns following clearcutting (Figure 20).

The first model was

constructed using time as the dependent variable, which has been the conventional
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Figure 20. Generabzed models of Pinus contorta vegetation development following clearcutting.
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approach to describing vegetation development (Bormann and Likens 1979; Zamora
1982; Oliver and Larson 1990). The second model characterizes vegetation development
as a function of crown cover.
A herb- and shrub-, and two tree-dominated stages were identified in the timebased model, and were roughly comparable to the Initial Floristics Composition and
Tolerance models described by Egler (1954) and Connell and Slatyer (1977),
respectively.

Composition did not change substantially during the herb- and shrub-

dominated stage (i.e., initial floristics composition), and the understory vegetation
continued to increase in abundance after the onset of the first tree-dominated stage (i.e.,
tolerance pathway). However, Pinus contorta tree cover reached a maximum about 60 to
70 years after clearcutting, and then began to decline because of reduced vigour. The
decline in moss cover during the second tree-dominated stage was attributed to decreased
shade, and was not necessarily a result of inhibition from the overstory. The later tree
stage is when climatic climax species such as Picea spp. would become more prominent
in the tall shrub and tree strata.
Three canopy density-dependent stages were evident in the cover-based model,
and were separated based on ratio shifts between graminoid and forb, and forb and low
ericaceous shrub cover values (Figure 20). These stages were classified as the open-,
intermediate- and closed-canopy stages. The open-canopy stage was characterized by
non-forest vegetation, and no particular growth-form was dominant. Therefore, this stage
was comparable to the herb- and shrub-dominated stages in the time-based model. The
intermediate and closed-canopy stages were both tree-dominated stages, but represented
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different understory responses to changing canopy conditions. In the closed stage,
mosses (feathermosses) and shade-tolerant forbs (Cornus canadensis, Linnaea borealis)
were by far the most dominant species. The intermediate stage represented a condition of
greater understory heterogeneity (equivalent to tolerance pathway), relative to the closedcanopy stage (equivalent to inhibition pathway).

The increased homogeneity of the

understory vegetation in the closed-canopy stage was related to reduced low ericaceous
shrub cover (Figure 20) and an increased dominance concentration among species,
although species richness did not decline (Table 8). With the exception of low ericaceous
shrubs that tended to decrease in abundance with crown cover, the cover-based model
showed relatively consistent patterns of growth-form development. However, there were
internal compositional changes that added to the complexity of the model. For example,
mosses continued to increase in abundance with increasing crown cover, because
decreasing quantities of shade-intolerant species such as Ceratodon purpureus and
Polytrichum commune were replaced by feathermosses.

The replacement of shade-

intolerant species has been reported commonly (Dyrness 1973; Corns and L a R o i 1976;
Outcalt and White 1981; Schoonmaker and McKee 1988; Halpern 1988; Halpera and
Spies 1995), and occurred gradually in this study. In contrast, species replacement did
not tend to occur within the low ericaceous shrub growth-form as even the early serai
ericaceous species were abundant among more developed clearcut stands, which suggests
that light may be more limiting to ericaceous abundance than to mosses over the long
term.
Despite the organizational differences between the time- and cover-based models,
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they are complimentary rather than contradictory. The relationship between crown
cover and stand age (Figure 5A) is the linkage between the two models, and represents a
pathway of stand development that is unique to the study area.

Each model offers a

different perspective of the same ecological process (i.e., stand development).

Evaluation of the research hypothesis
A primary objective of this study was to evaluate quantitatively the relationship
between percent crown cover and the abundance of later serai understory vegetation. The
following hypothesis was tested:
The abundance (rate of recruitment) of later serai species, as measured by
percent cover, will increase substantially when crown cover in a clearcut
serai lodgepole pine (Pinus contorta Dougl. ex Loud.) stand exceeds 50
percent.
The research hypothesis was based on a prediction that later serai species abundance
would increase, at least in part, with increasing shade in the understory as the tree canopy
developed. Following clearcutting, percent cover of many later serai species and growthforms increased significantly, but gradually, with increasing crown cover. Later serai
species cover did not increase more substantially when crown cover exceeded 50 percent
(Figure 10B). Therefore, the hypothesis was rejected. However, evidence did indicate
that later serai species cover differed significantly between the least and most developed
clearcut stands (Table 10). When crown cover was <30 percent in clearcut stands, later
serai species were less abundant than early serai plants and accounted for less than a third
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of the understory vegetation.

In contrast, when crown cover exceeded 60 percent

about 25 years after clearcutting, later serai species composed over half of the understory
vegetation and were twice as abundant as early serai species.

Ordination based on

understory composition and abundance clearly separated clearcuts with <30 percent
crown cover from older clearcut and native stands (Figure 18).

Therefore, the data

suggests that the disturbed vegetation changed gradually as crown cover increased after
clearcutting.
The available data suggest that vegetation development was related to both crown
cover and stand age. These variables were correlated strongly and positively, especially
during the first 20 years after clearcutting. Crown cover continued to increase as stand
ages exceeded 20 years, but a scatter diagram and regression analysis indicated that cover
values became more variable over time (Figure 5A).

Understory vegetation cover

typically was correlated with both crown cover and stand age, but responded differently
to each variable (Figure 20). For example, later serai lichen cover tended to increase with
increasing age, and in part, crown cover, but decreased when crown cover exceeded
about 60 percent. Because native stands had less crown cover than older clearcut stands,
it is expected that crown cover in the older clearcut stands eventually will decrease, but
this may not occur until 60 to 70 years after clearcutting. Disease, mortality, and natural
stand and branch thinning can cause canopy thinning and opening. Early in the mid-seral
stage of stand development, crown cover stabilizes at about 70 percent in clearcut stands,
and invader or certain early serai species such as shade-intolerant forbs and grarninoids
could be suppressed severely or eliminated over time. Although the abundance of certain
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later serai species such as the low ericaceous shrubs (e.g., Vaccinium vitis-idaea) and
lichens (e.g., Peltigera aphthosa) tended to be lower among older clearcuts when
compared to native stands, other factors may contribute to the increasing abundance of
later serai species over the longer term. For example, increasing feathermoss cover can
change local moisture availability by interrupting the amount of precipitation that reaches
the mineral soil. Poor to medium nutrient regimes also may limit understory vegetation
development

as

species

and Utter composition changes

over time (Berg and

McClaugherty 2003, pp. 170-171).

Forest stand management using crown cover manipulation
Forest stand development after clearcutting could have important implications and
applications for managing wildlife forage quality and availability, as the study area was
located within primary habitat for mule deer and moose, and secondary habitat for elk
(Stelfox and Stelfox 1993).

The initiation of herb- and shrub-dominated stages of

vegetation development following tree overstory removal has been associated with the
increased abundance of preferred ungulate forage species compared with native stands
(Blair and Brunett 1976; Corns and L a R o i 1976). In the present study, clearcutting
increased forage index units for the summer months, but winter forage was not improved
substantially because preferred species such as Lonicera involucrata, Rosa acicularis,
and Viburnum edule were equaUy abundant in clearcut and native stands.

The short

duration (10 years) of herb- and shrub-dominated stages could limit the forage benefits of
clearcutting to the younger stands; forage was similar between the older clearcut and
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native stands.

Forage may be improved by management practices that include

thinning or decreased planting density, because a delay in crown closure has been
associated with increased availability of ungulate forage species (Blair and Brunett 1976).
In planted clearcut stands, a delay in crown closure would not necessarily prolong the
herb- and shrub-dominated stages of successional development, but preferred browse
species such as Salix spp. and Popuius tremuloides and herbs could be sustained by
maintaining greater hght levels in the understory.
If the management objective is to re-establish forest stands approximating native
vegetation, as in surface mine reclamation (Alberta Environmental Protection 1997), then
manipulation of crown cover could be a useful technique. Strong (2000) postulated that
planting trees more densely on large site disturbances could accelerate the naturalization
of the vegetation.

However, revegetation and timber productivity may be competing

land-use objectives. While increased planting density increases shade in the understory,
timber volume would likely increase more slowly compared to optimally planted sites.
However, natural thinning occurs over time and the net effect on forest timber
productivity would likely be minimal.
Minesites in the area typically are seeded with agronomic species such as Festuca
rubra L., Melilotus officinalis (L.) Lam., Onobrychis viciifolia Scop., and Trifolium spp.
during the early stages of reclamation as an erosion control measure (W.L Strong, pers.
comm.). Some of these species do not survive longer than about six years, but others
such as Festuca rubra and Trifolium spp. can persist for more than 20 years (Strong
1996). In addition to seeding, reclaimed sites are planted with tree seedlings based on
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forestry stocking guidelines. Although this study determined that early serai species
did not decrease substantially in abundance with increasing crown cover, shading did
facilitate later serai vegetation growth.

Therefore, the use of greater tree planting

densities (i.e., >2,000 stems/ha), and the resulting denser canopy, could reduce the
abundance of agronomic reclamation species, but likely will facilitate the establishment
and growth of partially shade- and shade-tolerant native species such as Cornus
canadensis, Linnaea borealis, Vaccinium vitis-idaea, and feathermosses.

However, tree

crown cover should not exceed 50 to 60 percent (measured by densiometer), because
greater crown cover was related to a reduction in vascular plant cover (Figure 19).
Research has shown that once a relatively closed canopy is attained, light availability
changes less substantially as stands age (Ross et al. 1986). As a result, crown cover may
have more effect on understory vegetation development than age in the short-term, but
gradually with time, later serai vegetation will likely return to

pre-disturbance

composition and abundance levels by systematic species replacement.

In conclusion,

using crown cover to accelerate the process of post-disturbance forest reclamation is a
vegetation management technique worth pursuing. Based on Pinus contorta crown cover
and understory vegetation relationships, it would be reasonable to expect that
naturalization of reclaimed sites could be accomplished within 20 to 30 years after the
initiation of reclamation, in contrast to periods up to 30 to 50 years using normal forestrybased stocking densities. In the absence of tree seedling planting, forest re-establishment
could take at least 80 to 100 years by natural processes (Russell and L a Roi 1986; Strong
1996).
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C H A P T E R SIX: CONCLUSIONS

Patterns of vegetation development were described in an area where disturbance
is regular and widespread. Following clearcutting of Pinus contorta, some changes in
understory species composition and abundance were related to stand age and/or crown
cover.

As a result, the manipulation of crown cover could be an effective forest

management application. The principle conclusions of this study were:

a) . The overall trend of vegetation development in clearcut stands was a gradual
return to pre-disturbance composition and abundance, but pre-disturbance
conditions were not achieved during the first 45 years following clearcutting.
b) . Initial floristic composition (Egler 1954) and the tolerance model of succession
(Connell and Slatyer 1977) were suitable to the description of vegetation
development following clearcutting.
c) . Time- and crown cover-based models of stand development incorporated aspects
of existing physiognomic and successional models, and were complimentary.
d) . Planting trees more densely to increase crown cover could be a useful tool for
accelerating the naturalization of disturbances such as surface mines. However,
reclamation efforts could be somewhat contradictory to wildlife management or
timber production objectives.
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