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Abstract

This study examined the short-term effects of mechanical damage by various
timber harvesting methods in woodland caribou habitat of west-central Alberta.
Treatments consisted of combinations of a) summer or winter harvest, b) sturﬁp-side or
road-side delimbing, and c¢) presence or absence of scarification, Terrestrial lichens,
shrubs, herbaceous plants and terrestrial bryophytes were sampled prior to and
immediately following timber harvest. All species decreased in abundance following all
treatment combinations. Summer logging and scarification were primarily responsible for
observed decreases. Results were influenced to a lesser extent by the method of
delimbing. The greatest reductions in lichen and plant communities were observed
following summer logging and stump-side delimbing with scarification. This treatment
combination resulted in greater amounts of heavy machinery traffic on-site and increased
disturbance of the ground surface. The smallest reductions in lichen and plant
communities were observed following winter logging and stump-side delimbing without
scarification. This treatment combination resulted in less ground disturbance from lower
amounts of heavy machinery traffic on-site. Slash piles produced by this treatment may
have provided suitable microhabitats for terrestrial lichens. These results suggest that a
combination of winter timber harvest and on-site processing of trees without scarification
will retain the greatest abundance of terrestrial forage for woodland caribou immediately

following timber harvest in this region.
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General Introduction

Studies have shown that the diet of woodland caribou consists primarily of
arboreal and terrestrial lichens (Ahti, 1961; Edwards and Ritchey, 1960; Scotter, 1962;
1964; 1967; Bergerud, 1972; Ahti ef al., 1973; Moser et al., 1979; Thomas & Hervieux,
1986; Thomas & Barry, 1991; Thomas & Kiliaan, 1991; Staaland et al., 1993). Terrestrial
species form the bulk of the caribou winter diet and are consumed to a lesser extent during
the summer months (Thomas & McCourt, 1981; Edmonds & Bloomfield, 1984, Thomas
& Hervieux, 1986; Thomas & Barry, 1991; Thomas, 1994). During the summer, caribou
increase the amount of foraging on more nutritious plants including shrubs, herbaceous
plants and bryophytes (Cringan, 1957; Bergerud & Russell, 1964; Ahti & Hepburn, 1967,
Bergerud, 1974; Thomas & Hervieux, 1986; Thomas, 1994; Thomas ef al., in press).

The impact of timber harvest on northern woodlands and associated lichen and
understory plant species is of importance to forest managers and wildlife biologists
concerned with the preservation of endemic caribou populations. The extent to which
lichen and plant communities are affected depends upon the nature of the sites as well as
the type of logging practice employed (Brumelis & Carleton, 1989; Harris, 1992).
Differences in the revegetation of logged sites are often associated with the degree of
logging disturbance including such factors as season of harvest and degree of scarification
(Corns & La Roi, 1976; Brumelis & Carleton, 1989; Enns, 1992; Snyder & Woodard,
1992). Understanding the differences among various logging methods and the subsequent
impact on lichen and plant communities is of importance for the management of year-
round forage availability in woodland caribou habitat.

Recent studies have examined the effects of logging operations on lichen and plant
communities, but were usually limited to examining vegetation recovery following timber
harvest disturbances in general (Corns & La Roi, 1976, Abrams & Dickmann, 1982; Helle
et al, 1983; Kupiainen & Nieminen, 1985; S3derstrsm, 1988; Brumelis & Carleton, 1989;
Lesica ef al., 1991; Harris, 1992; Nieppola, 1992; Snyder & Woodard, 1992; Armleder &
Stevenson, 1994; Thomas & Armbruster, 1996). Few studies have incorporated the

collection of baseline or pre-disturbance data for harvested sites which provides important



information for determining the effects of logging on vegetation (Enns, 1992). As a result,
forest management decision which attempt to incorporate the considerations of both
forestry and maintenance of caribou habitat, lack specific recommendations for
appropriate timber harvest practices at an operational level.

This study was undertaken as a result of concerns over the initiation of large scale
timber harvest on the remaining winter range of woodland caribou in the foothills of west-
central Alberta (Edmonds & Bloomfield, 1984; Edmonds, 1988; Thomas ef al,, in press).
The purpose of this study was to examine the short-term effects of various timber
harvesting operations and to identify logging methods that reduce mechanical damage to
terrestrial lichens and understory plant communities present in woodland caribou habitat.

The following four hypotheses were examined.

H, Post-harvest abundance will be lower than pre-harvest abundance for all
treated sites. All treatment combinations involve machinery traffic on-site during
timber harvest. Through direct mechanical damage, the abundance of terrestrial

lichens and understory plants will be reduced,

H, Summer harvest will result in greater decreases in abundance than winter
harvest, regardless of treatment combination tested. Summer harvest involves
heavy machinery traffic on-site during snow-free conditions resulting in ground
disturbance and greater damage to terrestrial lichens and understory plants.

During the winter, machinery travels on top of a snowpack which reduces physical

contact at ground level and decreases damage to surface vegetation,

H; Scarification will result in greater decreases in abundance than no
scarification, regardless of treatment combination tested, Scarification
involves additional machinery traffic on-site during snow-free conditions in the
spring. Disturbance of terrestrial lichens and understory plants is increased

when this practice is conducted.




H, Stump-side delimbing will result in greater decreases in abundance than
road-side delimbing, regardless of treatment combination tested. Road-side
delimbing takes place off-site and requires no additional machinery. Stump-side
delimbing involves the addition of a mechanical delimbing machine on-site. This
practice results in additional traffic and woody debris left on-site which-increases

ground disturbance and damage to terrestrial lichens and understory plants.

Chapter 1 examines the effects of timber harvesting methods on the following

terrestrial lichen groups:

Lichens in total

o (ladina species

o  (ladonia species

o Peltigera species

o Stereocaulon species
o Cetraria species

¢ Non-reindeer lichens

Chapter 2 covers the effects of timber harvesting methods on the following

vascular and non-vascular plant groups:

¢ Tall and dwarf shrubs
¢ Herbaceous plants

¢ Terrestrial bryophytes

Based on this information, recommendations were developed for timber harvesting
methods that reduce mechanical damage to the ground surface and thereby increase the
short-term retention of important forage species in woodland caribou habitat of west-

central Alberta,



Literature Cited

Abrams, M.D. and Dickmann, D.1. 1982, Early revegetation of clear-cut and burned jack
pine sites in northern lower Michigan. Canadian Journal of Botany 60: 946-954
Ahti, T. 1959. Studies on the Caribou Lichen Stands of Newfoundland. Annales
Botanici. Societatis Zoologica Botanica Fennica ‘Vanamo’ 30(4): 1-44,

Ahti, T. 1961. The open boreal woodland subzone and its relation to reindeer husbandry.
Archivum Societatis Zoologica Botanica Fennicz ‘Vanamo’ 16(suppl.): 91-93.

Ahti, T. and Hepburn, R.L. 1967. Preliminary studies on woodland caribou range,
especially on lichen stands. Ontario Department of Lands and Forests, Research
Report (Wildlife), No. 74. 134 pages.

Ahlti, T., Scotter, G.W,, and Vansks, H. 1973. Lichens of the reindeer preserve,
Northwest Territories, Canada. The Bryologist 76(1): 48-76.

Armleder, HM, and Stevenson, S.K. 1994, Silviculture systems to maintain caribou
habitat in managed forests. Proceedings: Innovative silviculture systems in boreal
forests. Edmonton, Alberta, Canada. 16 pages.

Bergerud, A.T. 1972. Food habits of Newfoundland caribou. Journal of Wildlife
Management 36: 913-923.

Bergerud, A.T. 1974. Relative abundance of food in winter for Newfoundland caribou.
Oikos 25: 379-397.

Bergerud, A.T. and Russell, L. 1964. Evaluation of rumen food analysis for
Newfoundland caribou. Journal of Wildlife Management 28(4): 809-814.

Brumelis, G. and Carleton, T.J. 1989. The vegetation of post-logged black spruce
lowlands in central Canada. II, Understory vegetation, Journal of Applied Ecology
26.321-339.

Corns, I.G.W. and La Roj, G.H. 1976, A comparison of mature with recently clear-cut
and scarified lodgepole pine forests in the lower foothills of Alberta. Canadian
Journal of Forest Research 6; 20-32.

Cringan, A.T. 1957. History, food habits and range requirements of the woodland caribou
of continental North America. Transactions of the North American Wildlife
Confercnce 22: 485-501.

Edmonds, E.J. 1988. Population status, distribution, and movements of woodland caribou
in west-central Alberta. Canadian Journal of Zoology 66: 817-826.




Edmonds, E.J. and Bloomfield, M.I. 1984. A study of woodland caribou (Rangifer
tarandus caribot) in West-Central Alberta. 1979-1983. Alberta Energy and
Natural Resources., Fish and Wildlife Division. Unpublished Report. 203 pages.

Edwards, R.Y. and Ritchey, R.W. 1960. Foods of caribou in Wells Gray Park, British
Columbia. Canadian Field-Naturalist 74(1): 3-7.

Enns, K.A. 1992. Terrestrial lichen management in the Itcha-Ilgachuz, Chilcotin Range.
B.C. Interim Report. Larkspur Biological Consultants. 25 pages.

Harris, A. 1992. Post-logging regeneration of reindeer lichens (Cladina spp.) as related to
woodland caribou winter habitat. Ontario Ministry of Natural Resources,
Northwest Region Science and Technology, Technical Report #69. 33 pages.

Helle, T., Aspi, J. and Tarvainen, L. 1983. The growth rate of Cladonia rangiferina and
C. mitis in relation to forest characteristics in northeastern Finland. Rangifer 3(2):
2-5.

Kupiainen, K. and Nieminen, M. 1985. Reindeer husbandry and forestry in the reindeer
herding district of Poikjarvi during the years 1963-1984. Rangifer 6(1): 23-35.

Lesica, P., McCune, B., Cooper, S.V. and Hong, W.S. 1991. Differences in lichen and
bryophyte communities between old-growth and managed second-growth forests
in the Swan Valley, Montana. Canadian Journal of Botany 69: 1745-1755.

Moser, T.J., Nash, T.H., and Thomson, J.W. 1979, Lichens of the Anaktuvuk Pass,
Alaska, with emphasis on the impact of caribou grazing. The Bryologist 82(3):
393-408.

Nieppola, J. 1992. Long-term vegetation changes in stands of Pinus sylvestris in southern
Finland. Journal of Vegetation Science 3: 475-484,

Scotter, G.W. 1962, Productivity of arboreal lichens and their possible importance to
barren-ground caribou. Archivum Societatis Zoologica Botanicz Fennice
‘Vanamo’ 16: 155-161.

Scotter, G.W. 1964. Effects of forest fires on the winter range of barren-ground caribou in
northern Saskatchewan. Canadian Wildlife Service. Wildlife Management Bulletin
Series. 1. No. 18.

Scotter, G.W. 1967. The winter diet of barren-ground caribou in northern Canada.
Canadian Field-Naturalist 81: 33-39.



Snyder, J.M. and Woodard, P.M. 1992, Lichen regeneration rates in Alberta following
various types of logging and wildfire disturbances. Unpublished Final Report,
University of Alberta. 95 pages.

Soderstrom, L. 1988, The occurrence of epixylic bryophyte and lichen species in an old
natural and a managed forest stand in northeast Sweden. Biological Conservation
45: 169-178.

Staaland, H., Scheie, J.0., Grendahl, F.A., Persen, E., Leifseth, A B., and Holand, &.

1993, The introduction of reindeer to Broggerhalveya, Svalbard: grazing
preference and effect on vegetation. Rangifer 13(1): 15-19.

Thomas, D.C. 1994, Fire-caribou relationships: (V) The winter diet of the Beverly herd in
northern Canada. Canadian Wildlife Service Unpublished Report. 41 pages

Thomas, D.C. & McCourt, K.H. 1981. Seasonal diets of the Porcupine caribou herd.
American Midland Naturalist 105: 70-77.

Thomas, D.C. and Hervieux, D.P. 1986. The late winter diets of barren-ground caribou in
north-central Canada. Rangifer, Special Issue 1: 305-310.

Thomas, D.C. and Barry, S.J. 1991. Microhistological analysis of caribou diet: fecal
versus rumen and other variables. Pages 516-529 in Butler, C.E. and Mahoney,
S.P. (eds.). Proceedings of the 4" North American caribou workshop, St. John’s
Newfoundland.

Thomas, D.C. and Kiliaan, H.P.L. 1991. Fire-caribou relationships: (IV) Recovery of
habitat after fire on winter range of the Beverly herd in northern Canada. Canadian
Wildlife Service, Western and Northern Region, Edmonton, Alberta, Canada. 115

pages.

Thomas, D.C. and Armbruster, H.J. 1996, Woodland caribou studies in Saskatchewan:
second annual report including some preliminary recommendations. Unpublished
progress report, Canadian Wildlife Service. 46 pages.

Thomas, D.C., Edmonds, E.J. and Brown, W.K. in press. The diet of woodland caribou
populations in west-central Alberta. Rangifer Special Issue,




Chapter 1

Effects of Timber Harvesting Methods on Terrestrial Lichens

1.1) Introduction

Lichens are major food sources for reindeer in northern Burasia and caribou in
North America (Ahti, 1959; 1961; Edwards and Ritchey, 1960; Scotter, 1962; 1964,
1967; Bergerud, 1972; Ahti ef al., 1973; Moser et al., 1979, Thomas & Kiliaan, 1991;
Staaland ef al., 1993). Lichens are important in the diet of tundra-dwelling, barren-ground
caribou populations and are equally or more essential for woodland caribou in forested
habitats (Thomas & Hervieux, 1986; Thomas & Barry, 1991).

Although lichens are an energy source high in carbohydrates, they provide poor
nourishment in proteins, fats, vitamins and minerals (Hustich, 1951; Scotter, 1965; 1972,
Thomas & Kroeger, 1981; Klein, 1982; Thomas ef al., 1984; Nieminen & Heiskari, 1989).
Owing to their low nutritive qualities, lichens comprise only a small portion of the caribou
diet in spring and summer. During these months more nutritious vascular plants are
consumed, including sedges, grasses, forbs and shrubs (Cringan, 1957, Bergerud &
Russell, 1964; Ahti & Hepburn, 1967; Bergerud & Nolan, 1970). In the fail and winter,
when vascular forage diminishes, lichen consumption increases dramatically to constitute
the bulk of the caribou diet (Thomas & McCourt, 1981). Winter diets are nutritionally
supplemented with relatively small amounts of evergreen shrubs and bryophytes as well as
forbs and grasses with wintergreen foliage (Cringan, 1957; Bergerud & Russell, 1964;
Ahti & Hepburn, 1967; Bergerud, 1974a; Thomas & Hervieux, 1986; Thomas, 1994),

Although the nutritive value of arboreal lichens has been reported to be
considerably higher than that of ground lichens, in many areas epiphytic species are eaten
during the winter months only when access to terrestrial species is limited by very deep or
hard-crusted snowpack conditions (Cringan, 1957; Edwards and Ritchey, 1960; Edwards
et al., 1960; Ahti, 1962; Ahti & Hepburn, 1967, Fancy & White, 1985; Rominger and
Oldemeyer, 1990). In areas where access to ground lichens is not denied, woodland
caribou feed selectively on terrestrial lichens which form the majority of their winter lichen

intake (Edmonds & Bloomfield, 1984; Thomas ef al., in press; Thomas, 1994). Woodland



caribou appear to select species of the genus Cladina, commonly referred to as ‘reindeer
lichens’ (Holleman & Luick, 1977; Holleman ef al., 1979; Thomas, 1994; Thomas &
Barry, 1991). Other terrestrial lichens typically consumed by woodland caribou include
species of Cetraria, Cladonia, Peltigera and Stereocaulon and are often collectively
referred to as ‘caribou lichens’ or ‘reindeer lichens’ as well (Cringan, 1957; Ahti &
Hepburn, 1967, Bergerud, 1971; Thomas, 1994).

Stand age is an important factor in determining the heterogeneity of both arboreal
and terrestrial lichen communities (Scotter, 1963; Adams & Risser, 1971; McCune &
Antos, 1982; Larson, 1984; Lesica, ef al., 1991; Gustafsson ef al., 1992; Hyvarinen ef al.,
1992; Berg et al., 1994, Crites, 1995). Lichens are poikilohydric and as such are
influenced by environmental changes that are often less important to higher plants (Canters
etal., 1991). The effect of forest characteristics on ground surface illumination,
temperature and evaporation provide numerous microhabitats suitable for a variety of
lichen species (Kershaw & Rouse, 1971; Lechowicz & Adams, 1974b; Kershaw & Field,
1975; Kershaw & MacFarlane, 1980; MacFarlane & Kershaw, 1980). Both abundance
and diversity of lichens have been correlated with the variety of microhabitats provided by
old-growth forests (Lambert & Maycock, 1968; McCune & Antos, 1981, 1982;
Soderstrom, 1988; Canters ef al., 1991; Selva, 1994). The close relationship between
lichens and old-growth forests provides habitat suitable for woodland caribou populations
during winter months (Husitch, 1951; Ahti, 1964, Euler et al., 1976; Freddy, 1979; Fuller
& Keith, 1981; Oksanen and Ahti, 1982; Helle et o, 1983; Boonstra & Sinclair, 1984;
Bergerud & Elliot, 1986; Cumming & Beange, 1987; Rominger & Oldemeyer, 1989;
Servheen & Lyon, 1989; Seip, 1992).

The ecology of northern forests is dependent upon natural fire events which
influence forest structure, nutrient recycling rates and vegetative productivity (Ahlgren &
Ahlgren, 1960; Johnson, 1981). Accumulations of arboreal and terrestrial lichens are
generally characteristic of the later successional stages of post-fire sequences (Bergerud,
1971, Viereck, 1973; Lechowicz & Adams, 1974a; Johnson & Rowe, 1975; Yarranton,
1975; Maikawa & Kershaw, 1976; Rouse, 1976; Zackrisson, 1977, Morneau & Payette,

1989; Thomas et al., 1996). In recent years, the natural regeneration of northern forests




by fire has been increasingly replaced by commercial forestry operations. Although timber
harvest practices create large disturbances, the effects of logging differ greatly from fire,
affecting woodland caribou populations in ways beyond the removal of trees (Bergerud,
1974b; Kupiainen & Nieminen, 1985; Cumming, 1992, Ferguson & Gaulthier, 1992), The
effects of logging practices on terrestrial lichen communities and the subsequent direct
impact on endemic woodland caribou populations has become an important management
consideration as lichen woodlands come under pressure for timber harvest.

Until recently, biologists and foresters concerned with the maintenance of
terrestrial lichen populations have relied primarily on the results of post-fire studies
(Bergerud, 1971; Corns & La Roi, 1976; Maikawa & Kershaw, 1976; Klein, 1982;
Snyder, 1987; Snyder & Woodard, 1992). Since stands often do not revegetate in the
same manner following fire as they do following timber harvest, post-fire studies are of
limited usefulness in addressing specific lichen-related forestry issues (Abrams &
Dickmann, 1982; Enns, 1992; Harris, 1992; Thomas & Armbruster, 1996). Recent post-
logging studies have provided more appropriate information but were usually limited to
examining lichen regeneration following timber harvest disturbance in general (Helle et al,
1983; Stderstrom, 1988; Brumelis & Carleton, 1989; Lesica ef al., 1991; Nieppola,
1992). Few studies have examined the effects of specific logging practices (Snyder, 1987,
Harris, 1992; Snyder & Woodard, 1992; Armleder & Stevenson, 1994; Thomas &
Armbruster, 1996) and still fewer have incorporated collection of baseline or pre-
disturbance information for harvested sites (Enns, 1992). As a result, forest management
decisions which attempt to incorporate the considerations of both forestry and
maintenance of caribou habitat, lack specific recommendations for appropriate timber
harvest practices at an operational level.

The detrimental effects of commercial forestry operations on lichen communities
may occur as a result of direct damage to the lichen thalli from factors such as large
machinery traffic or the skidding of logs across the ground surface (Enns, 1992; Harris,
1992). Such immediate physical damage is important in assessing the short-term impact of
logging practices on lichens. Indirect effects may also occur through changes in ground-

level microclimatic conditions resulting from the opening of the forest canopy (Enns,



1992; Harris, 1992). Micro-environmental changes include greater diurnal fluctuations in
temperature, increased light levels, and higher wind speeds, which ultimately result in
increased desiccation at ground level. These effects can occur immediately following
harvest and remain significant factors affecting lichen growth over a much longer time.
Owing to the direct and indirect impacts of current timber harvesting methods on
terrestrial lichens, there is a need to know which practices cause the most disturbance to

lichen communities in order to reduce the impact of logging operations in caribou habitat.

1.2) Methods
1.2.1) Study Area

The study area was located approximately 75 km north-west of the town of Hinton
in the foothills of west-central Alberta, Canada (53°40° N, 118°20° W Figure 1.1). The
region is dominated by till-covered ridges and glaciofluvial deposits consisting of coarse-
textured, well-drained sediments (Bennett et al, 1983). Soils are classified as luvisolic and
brunisolic and the area has a xeric moisture regime and oligotrophic nutrient regime
(Corns & Annas, 1986). All sampling sites were located within the Subalpine Ecoregion
and corresponded to a lodgepole pine/black spruce/labrador tea/lichen ecosystem
association (Corns & Annas, 1986). The area has previouély been documented as
woodland caribou habitat (Edmonds & Bloomfield, 1984).

The study area was located in even-aged pine stands of pyrogenic origin with
dominant trees approximately 150 years of age. Pinus contorta Loudon was the dominant
tree species in all sites with Picea mariana (Mill.) BSP. and 4bies lasiocarpa (Hook.)
Nutt. present in small amounts in the understory. Common shrubs included Befula
glandulosa Michx. and Ledum groenlandicum Oeder, as well as an abundance of dwarf
species including Arctostaphylos uva-ursi (L.) Spreng., Empetrum nigrum 1.., Linnaea
borealis L., Vaccinium caespitosum Michx. and Vaccinium vitis-idaea L. Ground layer
vegetation in relatively moist areas such as depressions and slope bases, was dominated by
the mosses Dicranum fuscescens Turn., Hylocomium splendens (Hedw.) Schimp.,
Pleurozium schreberi (Brid.) Mitt., Polytrichum juniperinum Hedw. and Ptilium crista-

castrensis (Hedw.) De Not. Ridge tops and other relatively drier sites were largely

i0
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vegetated by lichens including Cetraria ericetorum Opiz., Cladina mitis (Sandst.) Hustich,
Cladonia ecmocyna Leight., Cladonia uncialis (L.) Wigg., Peltigera aphthosa (L.) Willd.
and Pelfigera malacea (Ach.) Funck. Mosses and lichens dominated the ground cover in
patchy distributions governed by differences in relief. Ground layer vascular plants were
low in abundance and included Arnica cordifolia Hook., Cornus canadensis L., Elymus
innovatus Beal., Epilobium angustifolium L., Oryzopsis pungens (Torr.) A.S. Hitche., and
Petasites palmatus (Ait.) A. Gray.

1.2.2 ) Data Collection

Three forest stands were selected for the study (Figure 1.2). Stands were
scheduled for timber harvest by standard clear-cut logging methods for the fall of 1994
and were each approximately 30 hectares in size. Within the proposed timber harvest
boundaries (cut-blocks) of each stand, eight sample sites were selected on the basis of high
lichen abundance. These areas were typically located on gravel benches and ridge tops.
Four sampling sites were located outside the cut-block boundaries of each stand. These
sites underwent no timber harvest and served as controls.

Each sampling site consisted of a square 30 X 30 m block divided into 20 TOWS
and 20 columns, each 1.5m in width. Prior to the first field season, 50 of the 400 possible
sample uﬁits were established within each sampling site through random number selection.
This procedure was repeated independently for each sampling site. Individual sample units
consisted of a 50 X 50 cm quadrat placed on the ground. Quadrats did not span entire
row or column widths, which allowed for movement throughout the grid without
disturbance to vegetation within quadrats. When a tree prevented accurate quadrat
placement, the quadrat was relocated to the next available position in the column, All
sampling sites and sample units were set up as permanent sample plots (PSPs) and were
marked in the field with metal spikes placed below ground. Detailed maps recorded exact
locations of all sample sites and sample units which, combined with a metal detector,
allowed for post-harvest resampling of the pre-harvest quadrats (summer, 1995) and will

facilitate future re-examination of the study area.

12




Stand 2

m Control Sites (No Treatment) O Treatment Sites

Figure 1.2 Study stands with treatment sampling sites
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Initial lichen sampling and identification occurred prior to timber harvest to
establish a baseline or pre-harvest dataset. All terrestrial lichen species present in each
sample unit were identified and recorded in the field or collected and identified later at the
University of Alberta. Terrestrial lichens included all species found growing on soil and/or
downed woody material which consisted primarily of tree trunks and large branches in
advanced stages of decay. Crustose lichens were not sampled since they do not constitute
a portion of the woodland caribou lichen diet. Since all treatments involved clear-cut
logging which resulted in removal of the entire forest canopy, arboreal lichens were not
sampled. Nomenclature follows Esslinger and Egan ( 1995) for terrestrial lichens.
Voucher specimens were deposited and are available in the cryptogamic herbarium at the
Department of Biological Sciences of the University of Alberta (ALTA).

Terrestrial lichen abundance for each sample unit was estimated using visual
percent-cover classes for each species (Appendix 1.1). Lichens within sample units were
not disturbed using cover estimations and, if possible, unknown specimens were taken
from outside the plot so as to minimize the effects of sampling on future estimates.
Sampling sites were laid out in April, 1994 and all pre-harvest sampling was conducted
between May 1 and October 30, 1994, All post-harvest sampling was conducted between
June 1 and August 30, 1995,

1.2.3 ) Timber Harvest Treatments

Application of treatments was incorporated into timber harvest operations
scheduled for the area. Treatments consisted of standard logging practices that were
unaltered other than being applied in specific combinations. The individual practices
consisted of a) summer or winter harvest, b) stump-side or road-side delimbing, and c)
presence or absence of scarification. Eight combinations of these logging techniques were
examined in order to determine the differential effects of each practice in various
harvesting situations as well as any possible additive effects. Each of the eight treatment
combinations were assigned to separate sampling sites and replicated across all three

stands. Treatments consisted of the following combinations;
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o summer harvest + scarification + stump-side delimbing

e summer harvest + scarification + road-side delimbing

o summer harvest + no scarification + stump-side delimbing
e summer harvest + no scarification + road-side delimbing
e winter harvest + scarification + stump-side delimbing

o winter harvest + scarification + road-side delimbing

e winter harvest + no scarification + stump-side delimbing

e winter harvest + no scarification + road-side delimbing

Summer harvesting took place during snow-free conditions and was conducted by
a Timberjack Model 618 feller-buncher, Stump-side delimbing consisted of on-site
processing of trees and was conducted by a Limmit Model 2000 delimber mounted on a
Caterpillar Model 320L. This practice resulted in increased machinery traffic on the sites
and large piles of woody debris deposited on-site, consisting of tree tops, branches, bark
and cones, collectively referred to as slash. Slash piles were usually I to 5 m in diameter
and approximately 1 m in height. Road-side delimbing took place off-site, required no
additional machinery and left no slash piles on-site. Regardless of delimbing method
performed, rubber-wheeled machines were used to drag or skid trees to a central area
where trees were either mechanically chipped or cut into sections for hauling. Skidding
machinery consisted of a John Deere 748E grapple skidder, a Timberjack Model 450C
grapple skidder, and & Clark-Ranger Model 666 grapple skidder. Winter logging resulted
in all logging machinery involved in harvesting, delimbing and skidding traveling on top of
a snoWbﬁck. Snow depth varied from 15 to 45 cm at the time of the winter harvesting
operations. None of the machinery appeared to penetrate the snowpack.

Scarification of the sites took place during dry conditions in the spring and
involved a Komatsu Model D8SE bulldozer towing a scarifying apparatus across the
ground surface. The scarifying drags consisted of five metal, shark-fin barrels
approximately one meter in length with a five meter length of anchor chain attached to the
end of each barrel. This practice is commonly referred to as drag scarification and serves

to disturb ground vegetation and expose mineral soil for planting purposes.
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Logging treatments were applied individually to entire stands until specific
combinations were completed. Markers as well as personal instruction directed machinery
operators to ensure that the sites received appropriate treatment combinations. Machinery
was directed so all sampling sites received approximately similar amounts of traffic and
skid trails were not created through any sampling site.

Summer harvesting was conducted between September 8 and October 21, 1994
and winter harvesting between January 27 and February 3, 1995. Road-side delimbing
treatments were performed concurrently with harvesting, Stump-side delimbing was
conducted on September 20 and October 28, 1994 for summer harvested sites and on
February 9 and 10, 1995 for winter harvested sites. Scarification was conducted in all

stands between June 26 and July 10, 1995,

1.2.4 ) Data Analysis

Pre-treatment percent cover data were subtracted from post-treatment percentages
to determine changes in percent cover data following treatments for each sample unit of
every site. Percent cover data were arcsine-transformed to alter the binomially distributed
percentages into data with an underlying distribution increased in normality. For each
sample unit, percent-cover differences of lichen species were added together to form seven
different groupings including total lichens, Cetraria species, Cladina species, Cladonia
species, Peltigera species, Stereocaulon species and ‘non-reindeer lichens’. These data
were used for all statistical analyses.

The above genera were analyzed individually due to the disparity between authors
on what constitutes ‘reindeer lichen’ (Thomas, 1994). By individually examining the
major genera of lichen preferred by caribou, wildlife biologists and forest managers can
make use of results for the appropriate lichen genera present in their particular areas, For
the purposes of this study, all of the above genera will be referred to collectively as
‘reindeer lichens’. The Cetraria group included species of the genera Cetraria and
Flavocetraria. The group of ‘non-reindeer lichens’ included the genera Dactylina,
Nephroma, Pertusaria, and Solorina. Lichens were analyzed as a total group to examine

the effects of timber harvesting methods on lichens in general.
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Post-treatment abundances were subtracted from pre-treatment abundances for
each sample unit to provide a single difference measurement (Zar, 1984). Using this data,
pairwise comparisons (paired-sample t-test, Zar, 1984) were performed on a per sample
unit basis to determine significant differences between pre- and post-treatment periods
within each treatment sampling site. Multiple comparisons (one-way analysis of variance
(ANOVA), Tukey-test, Zar, 1984) were also performed on pre - post data to determine
differences between treatments. For each lichen group in which differences were observed
between treatments and controls, a three-way analysis of variance (three-way ANOVA,
Sokal & Rohlf, 1981) was performed. Results of the three-way ANOVA were used to
determine the differential effects of the three factors examined in the study, namely
scarification, delimbing and season of timber harvest as well as any interactions that may
have occurred among factors. The level of significance was set at o = 0.05 for all

statistical analyses.

1.3) Results
1.3.1) Treatment effects on terrestrial lichens

Six of the twelve control sites indicated no significant difference in lichen
abundance between field seasons (pairwise t-test, p < 0.05; Figure 1.3; Appendices 1.2-
1.4). All treatment sites, except W3 in stand 1, showed significant reductions in lichen
cover following logging treatments (pairwise t-test, p < 0.05).

Multiple comparison results indicated similarity among control sites with no
particular pattern of grouping evident for treatment sites (one-way ANOVA, Tukey-test, p
< 0.05). Results of a three-way ANOVA indicated that scarification (all three stands) and
season of harvest (two of three stands) were significant factors responsible for the
differences observed among various treatment combinations ( p < 0.05; Appendix 1.5).
Treatments with scarification resulted in less lichen cover remaining than comparable
treatments without scarification and sites harvested in the summer showed a greater loss
of lichen cover than comparable treatment sites harvested during the winter. There was a
significant first-order interaction (all three stands) between season of harvest and

scarification ( p < 0.05). No significant second-order interactions were indicated.
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Figure 1.3 Pre- and post-harvest abundances of terrestrial lichens for all treatment
sampling sites of all 3 stands. (# = 50 for each treatment )
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1.3.2 ) Treatment effects on Cladina species

Eight of the twelve control sites indicated no significant difference in lichen
abundance between years (pairwise t-test, p < 0.05; Figure 1.4; Appendices 1.6-1.8). All
treatment sites, except W4 in stand 1 and W3 in stands 1 and 2, showed significant
reductions in lichen cover following logging treatments {pairwise t-test, p < 0.05).

Multiple comparison results indicated similarity among controls with no particular
pattern of grouping evident for treatment sites (one-way ANOVA, Tukey-test, p <0.05).
Differences were observed between control sites as a whole and treatment sites (p <
0.05). Results of a three-way ANOVA indicated that scarification (all three stands) and
season of harvest (two of three stands) were significant factors responsible for the
differences observed among various treatment combinations { p < 0.05; Appendix 1.9).
Treatments with scarification resulted in less Cladina cover remaining than comparable
treatments with no scarification performed and summer harvested sites showed a greater
loss of Cladina cover than comparable treatment sites harvested during the winter. There
was a significant first-order interaction (all three stands) between season of harvest and
scarification ( p < 0.05). A significant first-order interaction between season of harvest
and method of delimbing ( p < 0.05) was indicated by only stand 2. No significant second-

order interactions were indicated.
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Figure 1.4 Pre- and post-harvest abundances of Cladina species for all treatment
treatment sampling sites of all 3 stands. ( #= 50 for each treatment )
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1.3.3 ) Treatment effects on Cladonia species

All control sites showed no significant difference between field seasons (pairwise t-
test, p < 0.05; Figure 1.5; Appendices 1.10-1.12). All treatment sites, except W3 in stand
1 and W4 in stands 1 and 2 showed significant reductions in lichen cover following
logging treatments (pairwise t-test, p < 0.05).

Multiple comparison results indicated similarity among control sites with no
particular pattern of grouping evident for treatment sites (one-way ANOVA, Tukey-test, p
<0.05). Results of a three-way ANOVA indicated that scarification (all three stands) and
season of harvest (two of three stands) and were significant factors responsible for the
differences observed among various treatment combinations ( p <0.05; Appendix 1.13).
Treatments with scarification resulted in less Cladonia cover remaining than comparable
treatments without scarification and sites harvested during the summer showed a greater
loss of Cladonia cover than comparable treatment sites that were winter harvested.
Delimbing was indicated as a significant factor in only one of the three stands ( p <0.05).
Stump-side processing reduced the amount of Cladonia cover on-site when combined
with summer harvesting and scarification. In all other treatment combinations, stump-side
delimbing increased retention of Cladonia cover compared to identical treatments with
road-side delimbing. There was a significant first-order interaction between season of
harvest and scarification for two of the three stands ( p < 0.05). A significant second-
order interaction among all three factors was displayed by these same two stands (p <

0.05).
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Figure 1.5 Pre- and post-harvest abundances of Cladonia species for all treatment
sampling sites of all 3 stands. (#= 50 for each treatment )
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1.3.4 ) Treatment effects on Pelfigera species

Nine of the twelve control sites indicated no significant difference in lichen cover
between years (pairwise t-test, p < 0.05; Figure 1.6; Appendices 1.14-1.16). All treatment
sites displayed significant reductions in lichen cover following logging treatments
(pairwise t-test, p < 0.05). |

Multiple comparison results indicated similarity among controls with no particular
pattern of grouping evident for treatment sites (one-way ANOVA, Tukey-test; p < 0.05).
Results of a three-way ANOVA indicated that scarification (two of three stands) was a
significant factor responsible for the differences-observed among various treatment
combinations ( p < 0.05; Appendix 1.17). Treatments with scarification resulted in less
Peltigera cover remaining than comparable treatments with no scarification performed.
Delimbing was shown as a significant factor in only one of the three stands ( p < 0.05).
Stump-side processing decreased the amount of Pelfigera cover left on all sites except
when combined with winter harvest and no scarification. Significant first-order
interactions between season of harvest and delimbing as well as scarification and delimbing
were indicated by only one stand in each case (p <0.05). No significant second order

interactions were indicated.
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Figure 1.6 Pre- and post-harvest abundances of Peltigera species for all treatment
sampling sites of all 3 stands. (n = 50 for each treatment )
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1.3.5) Treatment effects on Stereocaulon species

All control and treatment sites, except S2 and S3 in stand 1 and S1 in stand 3,
showed no significant differences between years (pairwise t-test, p < 0.05; Figure 1.7;
Appendices 1.18-1.20). All three significant reductions consisted of summer harvested
treatment sites with two of the three involving scarification. Multiple comparison results
indicated a high degree of similarity among controls and treatment sites which prevented
any observable grouping patterns and further analyses (one-way ANOVA, Tukey-test, p <
0.05). A three-way ANOVA was not performed.
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Figure 1.7 Pre- and post-harvest abundances of Stereocaulon species for afl
treatment sampling sites of all 3 stands. ( n = 50 for each treatment }
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1.3.6 ) Treatment effects on Cefraria species

All control and treatment sites, except S2 in stand 2 and C4 in stand 3, showed no
significant differences between years (pairwise t-test, p < 0.05; Figure 1.8; Appendices
1.21-1.23). Treatment S2 consisted of a summer harvested treatment that was stump-side
delimbed and scarified. Multiple comparison results indicated a high degree of similarity
among controls and treatment sites which prevented any observable grouping patterns and
further analyses (one-way ANOVA, Tukey-test; p <0.05). A three-way ANOVA was not
performed.
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Figure 1.8 Pre- and post-harvest abundances of Cetraria species for all treatment
sampling sites of all 3 stands. (7= 50 for each treatment )
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1.3.7) Treatment effects on ‘non-reindeer lichen’ species

All sampling sites showed no significant differences between years (pairwise t-test,
p <0.05; Figure 1.9; Appendices 1.24-1,26). Multiple comparison results indicated a high
degree of similarity among controls and treatment sites which prevented any observable

grouping patterns and further analyses (one-way ANOVA, Tukey-test; p < 0.05). A
three-way ANOVA was not performed.
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Figure 1.9 Pre- and post-harvest abundances of 'non-reindeer lichen' species for all
treatment sampling sites of all 3 stands. ( # =50 for each treatment )
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1.4) Discussion

The lichen genera Stereocaulon and Cetraria as well as ‘non-reindeer’ lichens did
not display significant results. Extremely low abundances prevented any useful analyses
and resulted in no observable trends in the data. These three lichen groups will therefore
not be included in the discussion. Effects of the various treatment combinations were
similar for the lichen genera Cladina, Cladonia and Peltigera as well as lichens considered
together as a group.

All terrestrial lichens declined in abundance following logging treatments. Post-
harvest lichen populations consisted primarily of common rather than rare species. Timber
harvesting methods however did not appear to selectively damage particular lichen
species. Higher pre-harvest covers of common lichens accounts for subsequently greater
_ post-harvest abundances, as compared to that of rare species. Post-harvest lichen
populations consisted of species that were present before logging took place.
Replacement or turnover of lichen species did not occur. The short time frame of this
study accounts for the absence of invading lichen species. Pre- and post-harvest
abundances of individual lichen species for all treatment combinations are provided in
Appendices 3.1 - 3.9.

Decreases in lichen abundance were attributed primarily to season of harvest and
scarification. Delimbing was responsible for a minor portion of observed decreases. The
treatment combinations of summer harvest and stump-side delimbing followed by
scarification in the spring generally resulted in the greatest reduction of lichen abundance.
The greatest retention of lichen cover was observed following the treatment combinations
of winter harvest and stump-side delimbing with no scarification,

Season of harvest appeared to be the major factor determining the amount of
disturbance to terrestrial lichen communities. Regardiess of the treatment combination,
summer harvesting reduced fichen abundance for all lichens to a greater degree than winter
harvesting. For most sites, summer harvesting reduced original lichen communities to
isolated lichen fragments. The large difference apparent between summer and winter
harvest was likely attributable to the absence of a snowpack during harvesting in the

summer. In the summer, lichens are vulnerable to the wheel and track traffic of heavy
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machinery and by trees that are dragged across the ground surface. This is especially true
during dry periods when lichens are brittle and easily damaged. Dry conditions were
present during the summer harvesting operations of this study. During wet conditions, the
increased flexibility of lichens may reduce mechanical damage to some degree, however
the extent of this possible moderating effect is unknown.

Lichens do not have a vascular root system like higher plants and therefore are not
anchored to the ground and are easily removed. During the winter, logging machinery
travels on a snowpack over frozen ground. This reduces or eliminates physical traffic at
the ground level and minimizes ground surface disturbance and damage to terrestrial
lichens. In the spring before scarification was conducted, terrestrial lichens in winter
harvested sites often appeared as if no physical damage had been sustained from logging.

Scarification was also a major factor in determining lichen abundance following
timber harvest treatments. Scarification severely damaged vegetation and disturbed the
ground surface exposing large amounts of mineral soil. Lichen cover was reduced to a
greater degree following all treatment combinations involving scarification as compared to
similar treatments without scarification. Lichen communities in winter harvested sites
were largely intact with large furrows of exposed mineral soil while lichens in summer
harvested sites consisted of only scattered fragments of the original colonies. The effect
of scarification was pronounced, in some sites reducing the lichen cover of winter
harvested sites to a greater degree than that of non-scarified summer harvested sites.

Enns (1992) also found that drag scarification severely reduced terrestrial lichen
abundance. Absence of a scarification treatment eliminated this damage. However, over a
long time frame severe disturbance such as scarification may actually increase terrestrial
lichen regeneration rates to equal or greater levels than that following no scarification or
fire (Snyder & Woodard, 1992). Harris (1992) speculated that terrestrial lichen
regeneration would be maximized following a scarification treatment that provided
sufficient mineral soil exposure yet retained enough of the original lichen communities for
satisfactory recolonization. The treatment combinations in this study involving winter

harvesting and scarification may provide such results over the long-term.
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Delimbing influenced the degree to which lichen abundance decreased, although
not to the extent as either scarification or summer harvest. Stump-side delimbing in
combination with summer harvesting and scarification generally caused the greatest
damage to terrestrial lichens. This was likely attributable to increased machinery traffic on
the site which has been previously documented for stump-side delimbing practices (Araki,
1994). In addition, stump-side delimbing generally deposited large amounts of woody
debris on-site which were dragged across the ground surface of sites by the scarifier. This
may have resulted in increased ground disturbance and damage to terrestrial lichens than
by scarifying drags alone.

Stump-side delimbing in combination with winter harvest and followed by no
scarification resulted in the greatest amount of lichen cover left on the sites. The
delimbing machinery operated on a snowpack which reduced damage at the ground
surface. Stump-side delimbing also left large piles of woody debris on-site. Underneath
these piles, environmental extremes of temperature, light, moisture and wind present in the
open cut-block were reduced. At pile edges, fluctuations in light and temperature were
moderated, and combined with high moisture levels appeared to provide suitable
microenvironments for lichens. Lichens present in road-side delimbed sites without cover
often appeared to be suffering damage from extreme temperature and light levels as well
as desiccation. Similar effects were observed for terrestrial lichens following removal of
the forest canopy by logging in south-central British Columbia (Enns, 1992). Debris piles
may therefore serve to maintain lichens over a short period of time following logging and
possibly retain lichen populations over a much longer time frame (Harris, 1992). For this
study, the abundance of terrestrial lichens is expected to continue decreasing over the next
few years in response to altered microenvironmental conditions. Decreases may abate

following revegetation of the sites which would ameliorate microenvironmental extremes.

1.5) Conclusion
Due to the low abundances of Stereocaulon, Cetraria and ‘non-reindeer’ lichens,
the following conclusions are based on results from the lichen genera Cladina, Cladonia

and Peltigera as well as terrestrial lichens as a whole. Lichens decreased in abundance
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following all treatment combinations and showed similar trends for the various treatments
examined. The greatest reductions in abundance of lichens were observed following the
treatment combination of summer harvesting and stump-side delimbing with scarification.
Data support Hypothesis 1: post-harvest abundance will be lower than pre-harvest
abundance for all treated sites.

Regardless of the treatment combination, summer harvesting generally reduced
lichen abundance to a greater degree than comparable treatments harvested in the winter,
Data support Hypothesis 2: summer harvesting will result in greater decreases in
abundance than winter harvesting, regardless of treatment combination tested.

Regardless of the treatment combination, scarification generally reduced lichen
abundance to a greater degree than comparable treatments without scarification. Data
support Hypothesis 3: scarification will result in greater decreases in abundance than no
scarification, regardless of treatment combination tested.

Stump-side delimbing in combination with summer timber harvest and no
scarification resulted in the greatest reductions in lichen cover. However, stump-side
delimbing conducted during winter timber harvest without scarification retained the
greatest lichen abundance. Data do not support Hypothesis 4: stump-side delimbing will
result in greater decreases in abundance than road-side delimbing, regardless of treatment
combination tested.

The treatment combinations of winter harvest and no scarification, whether
combined with stump-side or road-side delimbing of trees, retained the highest lichen
abundance of all logging treatments. This combination included treatments W3 and W4
which in some sites, retained as much or more terrestrial lichen cover as control sites, By
increasing the retention of terrestrial lichens through this combination of logging practices,
important lichen forage species for woodland caribou may be maintained immediately
following timber harvest.

Lichens left on road-side delimbed sites with no woody debris piles for cover may
have a higher probability of succumbing to environmental extremes present in the open
cut-block. The slash piles provided by stump-side delimbing appeared to maintain lichen

abundance over the short-term. Over g longer time frame, these microhabitats may
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decrease the recovery time of lichen communities by increasing the amount of terrestrial
lichen retained after logging. With slash piles distributed throughout a cut-block,
numerous sites are provided from which lichens can spread from and possibly recolonize

the logged area in a shorter time period.
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Chapter 2
Effects of Timber Harvesting Methods on Shrubs, Herbs and Terrestrial Bryophytes

2.1) Introduction

The boreal forest is characterized by high levels of disturbance in which rapid
vegetative regeneration occurs following forest fires which then progresses through
various successional stages until another fire occurrence (Ahlgren & Ahlgren, 1960; Shafi
& Yarranton, 1973a; 1973b; Maikawa & Kershaw, 1976; Zackrisson, 1977; Johnson,
1981; Foster, 1985). Large-scale commercial forestry operations have replaced fire as the
main form of disturbance in many areas of North America (Schoonmaker & McKee,
1988). Since periodic fire events are important to the natural cycle of woodland caribou
habitat (Rowe & Scotter, 1973; Johnson & Rowe, 1975; Klein, 1982; Morneau & Payette,
1989), the impact of logging on northern woodlands is of importance to forest managers
and wildlife biologists concerned with the preservation of endemic caribou populations.

Although timber harvest practices create large disturbances with characteristics
that may approximate the effects of fire, post-logging recovery of vegetation has been
shown to differ from regeneration following fire (Corns & La Roi, 1976; Abrams &
Dickmann, 1982). Studies have documented some of the distinctive differences that exist
between post-fire and post-logging regeneration of terrestrial lichens (S&derstrém, 1988.
Harris, 1992; Snyder & Woodard, 1992). These studies have provided important
information for the management of woodland caribou populations since terrestrial lichens
account for the majority of caribou winter diets as well as partially for caribou summer
diets (Thomas, 1994).

Other types of forage important in the woodland caribou winter diet include
shrubs, herbaceous plants and terrestrial bryophytes. These plants provide essential
sources of proteins and vitamins which complement lichen nutrition (Cringan, 1957,
Bergerud & Russell, 1964; Ahti & Hepburn, 1967; Bergerud, 1974a; Thomas & Hervieux,
1986; Thomas, 1994). Consumption of these vascular and non-vascular plants by caribou

exceeds the intake of lichens during the snowfree summer months when succulent
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vegetation becomes available (Cringan, 1957, Bergerud & Russell, 1964; Ahti & Hepburn,
1967; Bergerud & Nolan).

The impact of timber harvest on understory vegetation has been previously studied
(Corns & La Roi, 1976; Abrams & Dickmann, 1982; Brumelis & Carleton, 1989;
Nieppola, 1992). The responses of shrub and herbaceous plant communities to logging
has been shown to be highly variable, ranging from large decreases in cover and species
richness to little change or even increases (Brinkman, 1936; Dyrness, 1973; Corns & La
Roi, 1976; Kauppi et al., 1978; Abrams & Dickmann, 1982; Kirby, 1988; Brumelis &
 Carleton, 1989; Nieppola, 1992; Snyder & Woodard, 1992). Bryophyte species appear o
_ be severely affected by timber removal in general, displaying large decreases in cover
. following logging (Brinkman, 1936, Corns & La Roi, 1976; Nieppola, 1992). The extent
. to which these plant communities are affected depends upon the nature of the sites
examined as well as the type of logging practice employed (Brumelis & Carleton, 1989).
Differences in revegetation have often been attributed to varying levels of logging
disturbance (Brumelis & Carleton, 1989). Season of logging and scarification are often
two factors which decidedly change the revegetation that occurs following logging.
Understanding the differences of various logging methods and the subsequent impacts on
the vascular and non-vascular plant communities is of importance for management of year-

round forage availability in caribou habitat.

2.2) Methods

A detailed description of the study area, timber harvest treatments and the data
collection and analysis methods is available in section 1.2 of Chapter 1. The only
differences in method were that species of shrubs, herbaceous plants and bryophytes were
sampled rather than lichens. For the purposes of this study, shrubs consisted of all tall
shrub, dwarf shrub and tree species < 1.3 m in height. Herbaceous plants included all
forb, graminoid, clubmoss and horsetail species. Bryophytes included all terrestrial species
of mosses and liverworts. Nomenclature follows Moss (1983) for trees, shrubs, forbs,
graminoids, horsetails and clubmosses, Anderson e/ al. (1990) for mosses and Stotler and

Crandall-Stotler (1977) for liverworts. These data were used for all statistical analyses.
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2.3) Results
2.3.1) Treatment effects on shrub species

Eight of the twelve control sites indicated no significant difference in shrub
abundance between years (pairwise t-test, p < 0.05; Figure 2.1; Appendices 2.1-2.3). All
treatment sites showed significant reductions in shrub cover following logging treatments
(pairwise t-test, p < 0.05).

Multiple comparison results indicated similarity among control sites with no
particular pattern of grouping evident for treatment sites (one-way ANOVA, Tukey-test, p
< 0.05. Results of a three-way ANOVA indicated that method of delimbing (two of three
stands) was a significant factor responsible for differences observed among various
treatment combinations ( p < 0.05; Appendix 2.4). Stump-side processing increased the
amount of shrub cover left on-site for all treatment combinations except summer harvested
and scarified sites in which shrub cover was less than comparable road-side delimbed sites.
Season of harvest and scarification were indicated as éigniﬁcant factors by only one of
three stands (p <0.05). Sites harvested in the summer showed a greater loss of shrub
cover than comparable treatments harvest during the winter and treatments with
scarification resulted in less shrub cover remaining than comparable treatments without
scarification. Significant first-order interactions between season of harvest and
scarification, as well as season of harvest and delimbing were displayed by only one of
three stands in each case ( p <0.05). A significant second-order interaction among all
three factors was displayed by one stand (p < 0.05). Although not significant, controls

showed little change in shrub cover compared to treatment sites.
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Figure 2.1 Pre- and post-harvest abundances of shrub species for all treatment
sampling sites of all 3 stands. (7= 50 for each treatment )
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2.3.2 ) Treatment effects on herbaceous species

Ten of the twelve control sites indicated no significant difference in herb
abundance between years (pairwise t-test, p < 0.05; Figure 2.2; Appendices 2.5-2.7).
Treatment sites showed mixed results. In stand 1, all ireatment sites except S2 showed no
significant reductions in herb cover following logging treatments (pairwise t-test, p <
0.05). For stand 2, all treatment sites except S2 showed significant reductions in herb
cover following logging treatments (pairwise t-test, p < 0.05). In stand 3, all treatment
sites except S2 and W2 showed no significant reductions in herb cover following logging
treatments (pairwise t-test, p < 0.05).

Multiple comparison results indicated a high degree of similarity among controls
and treatment sites which prevented any observable grouping patterns and further analyses
(one-way ANOVA, Tukey-test, p < 0.05). Significant differences in herbaceous cover
occurred in only one stand. Extremely low abundances of herbaceous plants prevented

any useful analyses and observable trends in the data.

48




 Stand 1

Pre-harvest
Post-harvest

=
4] 2=
-
+ -2 g ¥
§ ol—e = ¥ e g 3 B & v - =
3
' 8
3 Stand 2 Pre-harvest
= Post-harvest
(% 6 -
=
E Ll t
N’ 4 -
o 5
L5
g 2f ¢ 2 § s & ¢ @© 5
T Ot s - . 4 8 %
.§ 0 oo * 4 o 4 = o © : L
7]
=
g 3
- | Stand 3 Pre-harvest
2 Post-harvest
@ 6
=
T t
2 § i &
S e T 3 &
= S e e e % " ;
0 . Py - a -y : N . :
S1 S22 83 sS4 WI W2 W3 w4 CI C2 C3 C4
Treatment
Treatment Legend:
S1 - Summer harvest / Scarification / Stump-side delimbing

s2
S3 -
S4 -

W1 - Winter harvest / Scarification / Stump-side delimbing
W2 - Winter harvest / Scarification / Road-side delimbing

Summer harvest / Scarification / Road-side delimbing

Sutnmer harvest / No scarification / Stump-side delimbing
Summer harvest / No scarification / Road-side delimbing

W3 - Winter harvest / No scarification / Sturnp-side delimbing

W4 - Winter harvest / No scarification / Road-side delimbing

CL,C2,C3,C4 - Control Sites ( No treatment )

Figure 2.2 Pre- and post-harvest abundances of herbaceous species for all treatment
sampling sites of all 3 stands. { #7 =50 for each treatment )
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233 ) Treatment effects on terrestrial bryophyte species

Nine of the twelve control sites indicated no significant difference in bryophyte
abundance between years (pairwise t-test, p < 0.05; Figure 2.3; Appendices 2.8-2, 10). All
treatment sites showed significant reductions in bryophyte cover following logging
treatments (pairwise t-test, p <0.05). '

Multiple comparison results indicated similarity among control sites with no
particular pattern of grouping evident for treatment sites (one-way ANOVA, Tukey-test, p
<0.05). Results of a three-way ANOVA indicated that scarification (two of three sites)
was a significant factor responsible for differences observed among various treatment
combinations ( < 0.05; Appendix 2.11). Treatments involving scarification resulted in a
greater loss of bryophyte cover than comparable treatments without scarification. Season
of harvest and delimbing were indicated as significant factors by only one of three stands
in each case (p < 0.05). Summer harvested sites showed a greater loss of bryophyte
cover than comparable sites harvested during the winter. Stump-side processing reduced
the amount of bryophyte cover left on-site for all treatment combinations except summer
harvested, non-scarified sites in which bryophyte cover was greater than comparable road-
side delimbed sites. A significant first-order interaction between season of harvest and
scarification was indicated by two of three stands ( p <0.05). Stand 1 indicated a
significant first-order interaction between season of harvest and scarification as well as a
second-order interaction among all three factors ( p < 0.05), Although not significant,

controls showed little change in bryophyte cover compared to treatment sites,
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Figure 2.3 Pre- and post-harvest abundances of bryophyte species for all treatment
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g sites of all 3 stands. (1= 50 for each treatment )
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2.4) Discussion

Vascular plants, including shrub and herb species, appeared to differ in response to
the various timber harvesting methods examined from that of non-vascular bryophytes.
Shrub and herb species displayed large decreases in abundance following all treatment
combinations. Remaining vascular plant populations consisted primarily of common rather
than rare species. Timber harvesting methods however did not appear to selectively
damage particular plant species. Higher pre-harvest covers of common plants accounts
for subsequently greater post-harvest abundances, as compared to that of rare species.
Post-harvest shrub and herb populations consisted of species that were present before
logging took place. Replacement or turnover of vascular species did not occur. The short
time frame of this study accounts for the absence of invading species. Pre- and post-
harvest abundances of individual vascular plant species for all treatment combinations are
provided in Appendices 4.1 - 4.18.

Although reductions in shrub cover were primarily attributed to delimbing, shrubs
appeared to decrease approximately the same for all treatment combinations. Herbaceous
cover was also equally reduced by all logging treatments. Season of harvest, method of
delimbing and presence or absence of scarification therefore did not appear to be
significant factors in determining the post-harvest vascular plant cover. Removal of the
forest canopy appeared to be the primary factor resulting in similar reductions of vascular
plant cover, regardless of timber harvest treatment combination. Most remaining shrub
and herb species appeared to be unhealthy and dying. This was likely attributable to the
altered environmental conditions of the cut-block. These conditions included increased
temperature, light and wind extremes resulting from removal of the forest canopy.

Previous studies have indicated that regeneration of dwarf shrub communities may
be slow following logging. Snyder & Woodard (1992) observed large decreases in dwarf
shrub abundance immediately following logging with slow recovery occurring over a 30
year period after timber harvest. Corns & La Roi (1976), Nieppola (1992) and Abrams &
Dickmann (1981) observed similar results for the initial stages of dwarf shrub

regeneration. Initial revegetation of sites may consist largely of invading competitor-
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species with original shrub species regaining dominance after several years (Dyrness,
1973; Brumelis & Carleton, 1989).

As with shrub communities, previous studies have also shown that large decreases
in herbaceous plant cover can occur immediately following logging (Corns & La Roi,
1976; Nieppola, 1992; Snyder & Woodard, 1992). Recovery of herbaceous species
appears to be much more rapid with post-harvest vegetation abundance often approaching
pre-harvest levels within 10 years of logging (Abrams & Dickmann, 1981, Nieppola, 1992;
Snyder & Woodard, 1992). Competitive herbaceous species may dominate the initial
revegetation of sites with original species regaining dominance after several years
(Dyrness, 1973; Brumelis & Carleton, 1989). For this study, the abundance of shrub and
herb species is expected to continue decreasing over the next few years in response to
altered microenvironmental conditions. Decreases may abate following revegetation of
the sites which would ameliorate microenvironmental extremes.

Differences between timber harvesting treatments were evident in the reduction of
terrestrial bryophyte communities. Terrestrial bryophytes decreased in abundance
following all treatment combinations. As with the shrub and herb communities, post-
harvest bryophyte populations consisted primarily of common rather than rare ‘sf)ecies of
mosses and liverworts. All bryophytes present following logging consisted of species that
were present before timber harvest took place and replacement or turnover of bryophyte
species did not occur. The short time frame of this study accounts for the absence of
invading bryophyte species. Pre- and post-harvest abundances of individual non-vascular
plant species for all treatment combinations are provided in Appendices 4.19 - 4.27.

Scarification was the primary factor in determining bryophyte abundance following
timber harvest treatments. Scarification severely damaged vegetation and disturbed the
ground surface exposing large amounts of mineral soil. Bryophyte cover was reduced to 2
greater degree following all treatment combinations involving scarification as compared to
similar treatments without scarification. Winter harvested sites that were scarified
consisted essentially of intact bryophyte communities with large furrows of exposed

mineral soil.
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Season of harvest appeared to be a major factor determining the amount of
disturbance to terrestrial bryophyte communities. Regardless of the treatment
combination, summer harvesting decreased bryophyte abundance to a greater degree than
winter harvesting. For most sites, summer harvesting reduced the original bryophyte
communities to isolated patches and fragments. The large difference apparent between
summer and winter harvest was likely attributable to the absence of a snowpack during
harvesting in the summer. During the summer, bryophytes are easily damaged by wheel
and track traffic of heavy machinery and by trees that are dragged across the ground
surface. In addition, bryophytes lack a vascular root system like that of higher plants and
so are easily removed from the ground surface and displaced. In winter, the ground is
frozen and logging machinery travels on a snowpack which reduces or eliminates physical
disturbance at the ground surface, This minimizes damage to the ground surface and to
terrestrial bryophyte communities. As with vascular plant species however, bryophytes
are affected by the removal of the forest canopy. Mosses and liverworts in winter
harvested sites often appeared to have sustained no physical damage from the logging
machinery during timber harvest. Species seemed to be suffering from desiccation
however which was most likely due to altered microenvironmental conditions.

Delimbing also influenced the degree to which bryophyte cover decreased,
although not to the extent as either scarification or summer harvest. Stump-side delimbing
in combination with summer harvesting and scarification generally caused the greatest
damage to terrestrial bryophytes. This was probably attributable to increased machinery
trafiic on the site which has been documented for stump-side delimbing practices (Araki,
1994). In addition, stump-side delimbing generally deposited large amounts of woody
debris on-site which were dragged across the ground surface by the scarifier. This may
have resulted in increased damage to bryophytes compared to the disturbance caused by
the scarifying drags alone.

Road-side delimbing during winter harvest without scarification resulted in the
greatest amount of bryophyte cover left on the sites. The slash piles provided by stump-
side delimbing did not appear to increase the retention of bryophytes. As discussed in

Chapter 1, underneath these piles the environmental extremes of temperature, light,
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moisture and wind of the cut-block are reduced. At pile edges, fluctuations in light and
temperature were moderated, and combined with high moisture levels appeared to provide
suitable short-term microenvironments for terrestrial lichens. It appears that the
microenvironmental conditions provided by these slash piles may not be more beneficial to
terrestrial bryophytes than those of road-side delimbed sites. Slash piles may therefore
alter light and moisture levels beyond fhe tolerance limits of bryophytes.

As with shrub and herb communities, previous studies have shown large decreases
in bryophyte cover immediately following logging (Corns & La Roi, 1976, Nieppola,
1992; Snyder & Woodard, 1992). Recovery of bryophyte species occurs very slowly with
post-harvest abundance remaining lower than pre-logging levels 30 years after timber
harvest (Snyder & Woodard, 1992). Bryophyte species appear to be affected by altered
microenvironmental conditions to a much greater degree than vasculér plants. Brinkman
(1936) observed that rapid reduction of bryophyte communities usually occurred
following removal of the forest canopy even without physical disturbance of the bryophyte
flora. For this study, the abundance of bryophytes is expected to continue decreasing over
the next few years in response to altered microenvironmental conditions. Decreases may
abate following revegetation of the sites which would ameliorate microenvironmental
extremes although the recovery of bryop;hyte communities may take much longer than that

of vascular plants.

2.5) Conclusion

Shrubs, herbaceous plants and terrestrial bryophytes showed decreases in cover
following all treatment combinations. Data support Hypothesis 1: post-harvest abur;dance
will be lower than pre-harvest abundance for all treated sites.

Regardless of the treatment combination, summer harvesting reduced the
abundance of bryophytes to a greater degree than comparable treatments harvested in the
winter. Bryophyte data support Hypothesis 2: summer harvesting will result in greater
decreases in abundance than winter harvesting, regardless of treatment combination tested.
Summer harvesting did not always result in greater reductions of shrub and herbaceous

cover for all treatment combinations and therefore data did not support Hypothesis 2.
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Scarification, regardless of the treatment combination, reduced the abundance
bryophytes to a greater degree than comparable treatments without scarification.
Bryophyte data support Hypothesis 3: scarification will result in greater decreases in
abundance than no scarification, regardless of treatment combination tested. Scarification
did not always result in greater reductions of shrub and herbaceous cover for all treatment
combinations and therefore data did not support Hypothesis 3.

Regardless of the treatment combination, stump-side delimbing reduced the
abundance of bryophytes to a greater degree than comparable treatments with road-side
delimbing. Bryophyte data support Hypothesis 4: stump-side delimbing will result in
greater decreases in abundance than road-side delimbing, regardless of treatment
combination tested. Stump-side delimbing did not always result in greater reductions of
shrub and herbaceous cover for all treatment combinations and therefore data did not
support Hypothesis 4.

Similar responses by the shrub and herb communities to all of the treatment
combinations indicated that the cover of these species was reduced irrespective of logging
method employed. Trends were evident for bryophytes however. Summer harvesting and
stump-side delimbing with scarification proved to be the treatment combination which
resulted in the greatest reductions of bryophyte species abundance. The treatment
combination of winter harvesting and road-side delimbing with no scarification resulted in
the greatest retention of bryophyte cover. The slash piles provided by stump-side
delimbing did not appear to maintain the abundance of shrubs, herbs and terrestrial

bryophytes over the short-term.
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General Conclusion, Management Recommendations and Future Research

Conclusion

The purpose of this study was to determine the short-term effects of various timber
harvesting methods and to identify logging methods that reduce mechanical damage to
terrestrial lichen and understory plant communities present in woodland caribou habita,
This was accomplished by examining the 4 main hypotheses, outlined in the General
Introduction, dealing with various combinations of logging practices to determine the
differential effects on terrestrial lichen and understory plant species.

Hypothesis 1 was supported by the results of this study. All lichen and plant
species showed a general decrease in abundance following all logging treatment
combinations. Hypotheses 2 and 3 were supported by the results of terrestrial lichen and
bryophyte species. Abundances of terrestrial lichens and bryophytes decreased to a
greater extent following treatment combinations with a) summer harvesting as compared
to winter harvesting and b) scarification as compared to no scarification. Hypothesis 4
was only supported by the terrestrial bryophyte results of this study. Only the abundance
of bryophyte species was consistently reduced to a greater extent with stump-side
delimbing than road-side delimbing, regardless of treatment combination.

The greatest overall short-term reduction in abundance of lichens and bryophytes
resulted from summer harvesting and stump-side delimbing followed by scarification. This
treatment combination appeared to maximize the amount of ground disturbance on-site,
resulting in the greatest amounts of damage to lichen and bryophyte communities.
Although road-side delimbing, as compared to stump-side processing, tended to result in
lower covers of species for lichens and bryophytes when combined with summer
harvesting and scarification, the overall effects of delimbing were minor when compared to
season of harvest and scarification.

 The greatest short-term retention of terrestrial lichens resulted from winter
harvesting and stump-side delimbing with no scarification. This treatment combination
appeared to reduce heavy machinery traffic on the ground surface due to the protective

snowpack present during winter logging. Stump-side delimbing appeared to provide
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suitable microhabitats for lichens following timber harvest and the absence of scarification
eliminated severe ground disturbance and damage to remaining lichens. Similar responses
by shrub and herb communities to all of the treatment combinations indicated that the
cover of these species was reduced regardless of logging method employed. The greatest
short-term retention of terrestrial bryophytes resulted from winter harvesting and
scarification with road-side delimbing. Compared to terrestrial lichens, bryophytes

appeared to respond differently to microenvironmental conditions under slash piles.

Recommendations

The lichen and bryophyte results of this study provided a strong indication of
appropriate timber harvesting methods for the short-term maintenance of woodland
caribou forage. Treatment combinations involving summer harvesting and scarification
resulted in the greatest short-term decreases in abundance of terrestrial lichens and
understory plants. It is recommended that these timber harvesting methods be reduced or
eliminated from use in regions where the short-term maintenance of forage species in
woodland caribou habitat is of concern, Logging operations should incorporate winter
timber harvest without spring scarification to reduce the amount of damage to vegetation
during logging. This treatment combination minimizes heavy machinery traffic on-site
which reduces the amount of mechanical damage to terrestrial lichens and bryophytes,
thereby maintaining the greatest abundance of caribou forage immediately following
timber harvest. Stump-side delimbing, when applied in conjunction with winter harvesting
increases the retention of terrestrial lichens immediately following logging by providing
suitable microhabitats. Given the greater importance of terrestrial lichens in the caribou
diet, increased lichen abundance may outweigh the decreases in bryophyte cover that may

result from stump-side delimbing.

Future Research
This research presents results for only one year following timber harvest and
therefore only examines the initial impact of mechanical damage by logging machinery on

terrestrial lichens and understory plants. Previous studies have indicated that vegetation
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continues to decrease during the years immediately following timber harvest in response to
altered microenvironmental conditions (Brinkman, 1936; Dyrness, 1973; Corns & La Roj,
1976; Kauppi et al., 1978; Kirby, 1988; Brumelis & Carleton, 1989; Nieppola, 1992;
Snyder & Woodard, 1992). The species composition and pattern of revegetation shortly
after timber harvest may differ from the original lichen and plant communities depending
upon the species present in immediate and surrounding areas as well as the long-term, on-
site effects of the various logging practices.

Other research has indicated that species replacement or turnover can occur in
logged sites with competitive lichens and plants dominating the original species for several
years (Dyrness, 1973; Brumelis & Carleton, 1989). Changes in the species composition of
caribou habitat may severely alter the quality of forage available to woodland caribou,
Studies have also shown that long-term regeneration of terrestrial lichens on logged sites
may be improved by increased disturbance such as summer harvesting or scarification
(Harris, 1992; Snyder & Woodard, 1992). Long-term increases in the terrestrial lichen
cover of woodland caribou habitat may be more beneficial than short-term maintenance.
These are issues on which little information is available.

The results presented in this study indicate that the slash piles produced by stump-
side delimbing may serve to maintain the highest abundance of terrestrial lichens
immediately following logging by providing favorable microhabitats. Slash piles may
provide suitable cover for the regeneration of lichens and possibly vascular and non-
vascular plants over a much longer time frame. Revegetation of logged sites may
therefore be enhanced by the increased abundance of species on-site serving as propagule
sources for the recolonization of lichens and plants.

This study is unique in Alberta and is among only a few such research projects
currently taking place in Canada that are examining the impact of forestry operations on
woodland caribou habitat (Enns, 1992; Anonymous, 1995, Thomas & Armbruster, 1996).
Detailed information on all species of lichens, shrubs, herbaceous plants, and bryophytes
present prior to timber harvest as well as immediately following logging has created a
baseline of information on which future research can be based. Permanent sample plots in

the study area will facilitate future monitoring of lichen and plant communities as long-
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term effects of the various logging treatments become apparent. Present and future
information will be valuable in the development of long-term management strategies that
incorporate the maintenance of woodland caribou habitat with commercial timber harvest

operations.
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~ Appendix 1.1 Percentage classes and percent cover ranges used to estimate abundances
of lichens and all vascular and non-vascular plant species.

Percentage Assigned Percent Cover Range
95 95-99
90 - 90-94
80 80 -89
70 70 -79
60 60 - 69
50 50 -59
40 40 -49
30 30-39
25 25-29
20 20 -24
15 15-19
10 10-14
8 8-9
5 5-7
3 3-4
2 2
1 1
0.1 species present with trace cover

In each sample unit (quadrat), individual lichen and plant species were assigned specific
percentages based on visual estimation of the percent cover range. Total abundance of
lichen and plant groups were calculated by addition of species percent covers for each

group.
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Appehdix 1.2 Abundance of terrestrial lichens' ( mean percent cover + S.E. ) before and
after timber harvest for stand 1 ( #= 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 36.93 + 290 191 + 0.39*% ab
S2 35.54 + 2.56 1.81 + 033 % ab
S3 36.83 + 3.29 280 £ 041% ab
S4 29.53 + 2.95 536 £ 1.00* b
W1 44,57 + 3.42 859 + 1.18* a
W2 . 4324 + 3.34 10.12 £ 1.68* ab
W3 3739 + 2.89 35.60 + 3.64 c
W4 35.78 * 3.66 2825 + 345*% ¢

Control
C1 2740 + 297 27.65 £ 3.09 c
C2 , 3722 £ 276 3639 + 291 c
C3 35.19 + 2.87 39.12 + 314* ¢
C4 4940 * 3.63 48.42 £ 3.69 C

Uincludes all lichen species, except crustose growth forms, found growing on soil and/or
downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 1.3 Abundance of terrestrial lichens' ( mean percent cover + S.E. ) before and
after timber harvest for stand 2 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
St 27.08 £ 2.57 .55 £ 023 *% ab
S2 23.23 £ 230 328 £ 0.60* be
S3 36.44 + 2.56 1064 £ 134* ab
S4 3088 £ 2.19 852 + 143* b
W1 4435 + 3.36 919 £ 1.07* a
W2 4753 £ 3.16 1281 + 1.50* a
W3 3562 + 3.92 3203 £ 375% de
W4 48.77 + 3.30 3817 £ 2779* ‘cd

Control
C1 33.06 £ 3.42 3320 £ 339 e
C2 41.36 = 4.15 3632 £ 392% de
C3 48.99 £ 4,03 4775 + 403 €
C4 . 3135 £ 2.62 3204 £ 2.90 e

Vincludes all lichen species, except crustose growth forms, found growing on soil and/or
downed woody material.

* indicates significant difference ( P < 0,05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P < 0.05 ).
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Appendix 1.4 Abundance of terrestrial lichens' ( mean percent cover + S.E. ) before and
after timber harvest for stand 3 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 4965 + 3.14 464 + 059*% a
S2 40.85 + 2.98 725 + 141* a
S3 3485 £ 2.20 1723 + 224% b
S4 3723 + 2.43 1612 + 1.99* b
w1 3332 + 2.69 1394 £ 140*% b
W2 37.84 + 2.89 1245 + 1.74* b
W3 4522 + 2.85 2840 £ 251*% b
W4 4587 + 2.61 2747 + 2.15% b

Control
C1 29.60 + 2.98 3361 £ 358* ¢
C2 27.12 £ 3.15 2353 + 283* ¢
C3 40.34 + 3.03 4779 £ 351 % ¢
C4 4534 + 407 37.51 + 3.84% ¢

Vincludes all lichen species, except crustose growth forms, found growing on soil and/or
downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 1.5 Summary statistics for three-way ANOVA of terrestrial lichen abundance

Stand 1
Source of Variation dar Sum of Squares Mean Square Featculated
Factor A 1 535802040 5358,02040 3158724 *
Factor B 1 12028.49595 12028.49595 7091181 *
Factor C 1 636,27540 636.27540 375105
First-order interaction AX B 1 5269.23551 5269.23551 31.06382 *
First-order interaction AX C 1 14181237 141.81237 0.83603
First-order interaction BX C 1 206.54001 206.54001 1.21762
Second-order interaction AX B X C 1 242.28479 242,28479 1.42835
Within Groups ( Error ) 392 66493.44131 169.62613
Total 399 23882.66444

Fo 05011307 - 3.87
Stand 2
Source of Variation df Sum of Squares Mean Square Featcutated
Factor A 1 89.07584 89.07584 0.56083
Factor B 1 639232230 639232230 40.24700 *
Factor C 1 6533489 6533489 0.41136
First-order interaction A X B 1 8454.25081 8454.25081 53.22920 *
First-order interaction A X C 1 3692.10094 369.10094 2.32391
First-order interaction B X C 1 70.86272 70.86272 0.44616
Becond-order interaction AXBXC 1 18.24144 18.24144 0, E1485
Within Groups ( Error } 392 62260,30188 - '158.82730
Total 399 15459.18896

Fo.os01),1,302 = 3.87
Stand 3
Source of Variation df Sum of Squares Mean Square Fealeutated
Factor A 1 345991004 3459.91004 2313180 *
Factor B 1 6924.07052 6924.07052 46,29202 *
Factor C 1 1913188 1913188 0.12791
First-order interaction AX B 1 2058,25542 2058,25542 13.76081 *
First-order interaction AX C I 795.40921 795.40921 531784 *
First-order interaction BX C 1 122.92157 12292157 0.82181
Second-order interaction AXBXC 1 79546562 795.46562 531822 *
Within Groups ( Error ) 392 $8632.90904 149.57375
Total 399 14175.16426

Fo.osc1),1,302 = 3.87

Factor A = Season of Timber Harvest

Factor B = Scarification

Factor C = Method of Delimbing
* = significant factor / interaction
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Appendix 1.6 Abundance of Cladina species' ( mean percent cover + S.E. ) before and
after timber harvest for stand 1 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 17.89 £ 1.90 074 £ 015* a
S2 15.15 + 1.53 1.12 £ 0.29*% a
S3 1881 £ 2.23 139 £+ 026*% a
S4 15.65 £ 2.33 268 + 0.57% ab
w1 2330 + 2.81 482 + 086* a
W2 26.81 £ 2.72 678 + 1.36* a
W3 21.87 + 2.46 23.11 £ 3.05 be
W4 18.45 £ 2.91 1637 + 2.88 c

Control
Ci 15.16 + 2.58 15.70 £ 2.66 c
C2 2223 * 2.49 21.01 + 2.55 ¢
C3 1420 £ 2.07 1634 + 244 % ¢
C4 29.53 + 3.18 28.22 + 3.17 c

Lincludes all species of Cladina found growing on soil and/or downed woody material.

* indicates significant difference ( P < 0.001 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups { 1-Way ANOVA, Tukey test, P < 0.05 ).
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Appendix 1.7 Abundance of Cladina species' ( mean percent cover + S.E. ) before and

after timber harvest for stand 2 ( # = 50 for each treatment ),

Treatment

s1
S2
S3
S4
w1
w2
w3

W4

Control

C1

C2

C3

C4

Pre-Harvest

12.81

10.47

19.75

17.87

24.54

30.83

18.81

33.99

15.91

2299

25.00

14.61

t

+

x

I+

H

+

H

[

I+

H

=+

H+

1.87

1.73

2.07

2.00

2.73

2.82

3.15

2.87

2.60

3.02

271

1.91

Post-Harvest

0.85

1.58

5.81

4.94

5.20

8.71

16.06

26.08

15.69

20.73

23.24

15.40

t

[+

I+

I+

I+

I+

4+

=+

[+

+

4+

-+

0.15* bed
0.39* cde
0.92 * abc
091 * bed
0.68* ab
1.18 % a
292 efd
246* cd
2.66 f
3.02% ef
2.53 f
221 f

"includes all species of Cladina found growing on soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05).
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Appendix 1.8 Abundance of Cladina species’ ( mean percent cover £ 8 E. ) before and
after timber harvest for stand 3 ( » = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 27.43 £ 2.61 294 + 043 * a
S2 2329 £ 2.52 476 £ 1.02% ab
S3 18.83 + 2.00 941 + 1.67* bc
S4 2133 + 2.23 1054 £ 1.66 * bec
w1 19.71 + 2.05 8.61 £ 097 * bc
W2 18.49 + 2.07 688 + 1.10* be
w3 2403 + 2.64 16.81 + 221 % «cd
W4 2737 = 2.40 1571 £ 1.86* bc

Control
C1 16.19 £ 2.58 18.29 + 2.87 e
C2 9.46 + 1.95 8.02 £ 1.73 €
C3 1498 + 1.71 17.97 + 203 * de
C4 1973 £ 2.61 1689 £ 2.60* de

L includes all species of Cladina found growing on soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 1.9 Summary statistics for three-way ANOVA of Cladina species abundance

Stand 1
Source of Variation dr Sum of Squares Mean Square Feotentated
Factor A 1 1308.26890 1308,268%0 9.58119 *
Factor B 1 4783.65890 4783.65890 35._03344 *
Factor C 1 311.13432 311.13432 2.27861
Fitst-order interaction A X B 1 3457.32240 3457.32240 2531993 *
First-order interaction A X C H 134.28174 13428174 0.98342
First-order interaction B X ¢ 1 273.37316 273.37316 2.00207
Second-order interaction AXBXC 1 9.66588 9.66588 0.07079
Within Groups { Eeror ) 3 53525.84198 136.54552
‘Fotal 399 1027770530

Fo.os01),1,392 = 3.87
Stand 2
Source of Variation df Sum of Squares Mean Square F catontated
Factor A 1 384.68938 384.68938 2.77468
Factor B 1 1325.50606 1325.50606 9.56058 *
Factor C 1 51.68891 51.68891 0.37282
First-order interaction AX B 1 4656.08346 4656.08346 33.58330 *
First-order interaction A X C 1 739.26891 739.26891 533218 *
First-order interaction BX C 1 9.36666 9.36666 0.06756
Second-order interaction AXBXC 1 286117 2.86117 (.02064
Within Groups { Error ) 392 54347.98359 138.64282
Total 399 7169.464535

Fo.os1),1,302 = 3.87
Stand 3
Source of Variation df Sum of Squares Mean Square Featoutated
Factor A 1 1555.78969 155578969 12.77436 *
Factor B 1 3150.63303 3150.63303 2586937 *
Factor C 1 2.81736 2.81736 0.02313
First-order interaction A X B 1 644.67749 644.67749 529335 *
First-order interaction A X C 1 292.63234 292.63234 240276
First-order interaction BX C 1 271.17856 271,17856 2.22661
Second-order interaction AXBXC 1 4.41630 441630 0.03626
Within Groups ( Error ) 392 47741.70822 121.79007
Total 399 5922.14478

Foosy, 1,392 = 3.87

Factor A = Season of Timber Harvest
Factor B = Scarification

Factor C = Method of Delimbing

* = significant factor / interaction
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Appehdix 1.10 Abundance of Cladonia species' ( mean percent cover * S.E. ) before and
after timber harvest for stand 1 { n = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 12.59 + 1.82 1.04 + 0.28% a
S2 7.96 + 0.96 041 = 0.10% ab
S3 7.99 + 0.92 1.12 + 0.20* ab
S4 8.63 + 1.37 181 £ 066*% b
W1 7 864 £ 094 281 + 045* be
W2 7.52 £ 0.70 1.70 £ 033 % be
W3 7.38 £ 0.88 7.57 + 1.13 d
W4 7.54 + 0.74 6.52 + 0.55 d

Control
C1 589 + 1.05 518 = 0.79 d
C2 638 + 0.70 6.80 + 0.78 d
C3 6.60 £ 0.90 694 + 1.02 d
C4 10.37 £+ 098 11.94 + 1.37 cd

Lincludes all species of Cladonia found growing on soil and/or downed woody material,

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, £ <0.05 ).
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Appendix 1.1 1 Abundance of Cladonia species' ( mean percent cover + S.E. ) before and
after timber harvest for stand 2 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 839 + 1.15 059 £ 0.12*% ab
S2 5.62 + 0.81 0.86 £ 020* bed
S3 9.22 + 0.97 327 £ 040 % abc
S4 8.16 + 0.80 225 + 055 %  abe
Wi 1065 + 1.84 302 £ 043 * abc
w2 11.69 + 1.10 3.53 £ 068* a
w3 8.96 + 125 11.33 £ 1.66 * c¢de
W4 8.32 + 097 8.54 £ 0.97 def
Control
C1 7.22 + 1.03 779 £ 111 f
C2 577 + 0.82 549 = 0.79 f
C3 7.26 £ 0.96 821 = 1.04 ef
C4 5.53 £ 0.99 594 £ 099 f

Vincludes all species of Cladonia found growing on soil and/or downed woody material.

* indicates significant difference (2 < 0.001 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 1.12 Abundance of Cladonia species' ( mean percent cover £ S.E. ) before and
after timber harvest for stand 3 ( n = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 13.02 + 1.29 122 + 024* a
S2 839 + 0.78 167 £ 033* b
S3 10,72 £ 0.92 686 £ 097* b
S4 917 + 0.94 396 £+ 064% b
W1 6.76 = 0.66 391 £+ 047* be
w2 791 + 099 321 £+ 049%* b
W3 12.66 + 1.30 8.61 £ 099* b
W4 11.81 £ 1.15 8.79 £ 098 * bed

Control
C1 532 £ 0.69 5.56 £ 0.81 d
C2 7.03 + 0.90 6.97 + 0.91 d
C3 7.07 £ 0.74 8.06 £ 0.86 cd
C4 6.35 + 1.33 554 + 1.09 d

Lincludes all species of Cladonia found growing on soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note; letters indicate homogeneous groups { 1-Way ANOVA, Tukey test, P < 0.05 ).
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Appendix 1.13 Summary statistics for three-way ANOVA of Cladonia species abundance

Stand 1
Source of Variation df Sum of 8quares Mean Sguare F eatoutated
Factor A 1 2245.43300 224543300 44.17195 *
Factor B 1 1371.14684 1371.14684 26197307 *
Factor C 1 86,95563 86.95563 1.71058
First-order interaction AX B 1 127.66740 127.66740 2.51146
First-order interaction A X C 1 5728976 57.28976 1.12700
First-order interaction BX C 1 29.87716 29.87716 0.58774
Second-order interaction AXBXC 1 83.50304 83.50304 1.64266
Within Groups ( Error ) 392 19926,89354 50.83391
Total 399 4001,87282

Fo.os01),1,392 = 3.87
Stand 2
Source of Variation df Sum of Squares Mean Square F catouiated
Factor A i 179.78787 179.78787 3.41088
Factor B 1 878.97426 878.97426 16.67562 *
Factor C 1 134.03851 134.03851 2.54294
First-order interaction AX B 1 1217.20743 1217.20743 23.09247 *
First-order inferaction AX C 1 19.60276 19.60276 0.37190
First-order interaction B X C 1 17.83795 17.83795 0.33842
Second-order interaction AXB X C 1 500.34979 500.3497¢9 9.49248 *
Within Groups ( Error ) 392 20662.37311 5271014
Total 399 2947.79857

Fo.0501),1.302 = 3,87
Stand 3
Source of Variation df Sum of Squares Mean Square Featcutated
Factor A 1 873.26160 873.26160 20.91559 *
Factor B 1 656.79438 656.79438 15.730%¢6 *
Factor C 1 191.21358 191.21358 4.57978 *
First-order interaction AX B 1 280.09370 280.09370 6.70856 *
First-order inferaction AX C 1 88.84948 88.84948 2.12804
First-order interaction B X C 1 5347997 53.47997 1.28091
Second-order interaction AXBX C 1 44508341 445.08341 10.66025 *
Within Groups { Error) 392 16366.66826 41.75170
Total 399 2588.77612

F{!.OS([),IJQZ = 3.87

Factor A = Season of Timber Harvest

Factor B = Scarification

Factor C = Method of Delimbing
* = significant factor / interaction
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Appendix 1.14 Abundance of Peltigera species' ( mean percent cover = S.E. ) before and
after timber harvest for stand 1 (7 = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 5.87 £ 0.85 0.06 £ 0.02* abc
S2 8.05 £ 1.31 0.10 £ 0.02* ab
S3 3.52 + 0.65 0.12 + 0.04* cdef
S4 4.68 + 0.94 071 + 033 * bed
W1 11.15 £ 1.61 073 £ 0.15* a
W2 627 £ 1.27 1.05 £ 0.27* bed
W3 5.67 + 0.86 288 + 048 * bede
w4 720 + 1.58 3.40 £ 0.68 % bede

Control
C1 527 £ 0.93 559 + 125 ef
C2 7.89 £ 1.64 7.88 + 1.64 f
C3 13.72 + 2.09 15.07 £ 2.00 cdef
C4 5.54 + 0.80 531 + 0.75 def

! includes all species of Peltigera found growing on soil and/or downed woody material.

* indicates significant difference { £ < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appendix 1.15 Abundance of Pelfigera species' ( mean percent cover + S.E. ) before and
after timber harvest for stand 2 (# = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 J 527 + 0.84 008 + 0.01* ab
S2 3.54 £ 0.80 0.29 £ 0.07* be
S3 6.23 + 0.86 128 + 031* ab
S4 3.83 £ 0.70 1.00 £ 033 * be
w1 842 + 1.23 082 + 041 * a
W2 3.42 + 0.66 044 £ 0.17% be
w3 7.69 + 134 439 + 093 * abc
W4 596 + 1.14 311 + 053 % be

Control
C1 6.18 + 0.94 6.94 + 1.02 v
C2 549 £+ 0.81 389 £ 0.57*% ¢
C3 587 + 1.00 6.25 £ 1.10 c
C4 9.62 £+ 1.46 942 + 141 c

Vincludes all species of Peltigera found growing on soil and/or downed woody material.

* indicates significant difference { P < 0.001 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05).
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Appendix 1.16 Abundance of Pelfigera species’ ( mean percent cover + S.E. ) before and
after timber harvest for stand 3 (# = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 5.99 + 0.99 0.16 + 0.05* ab
S2 771 £ 101 0.68 + 030* a
S3 4.43 t 0.61 0.69 + 0.18* abc
S4 538 £ 0.77 1.15 £ 025 * abc
w1 5.85 + 0.93 122 £ 020* abc
w2 1032 + 1.72 203 + 052*% a
w3 6.64 £ 0.91 238 £ 038* abc
w4 466 + 081 190 + 033 * be

Control
c1 627 + 1.18 815+ 171 ¢
C2 9.16 + 1.51 748 + 135 ¢
C3 882 + 115 11.69 + 1.47* be
C4 13.51 + 1.91 1045 £ 1.53* b

Lincludes all species of Peltigera found growing on soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05).
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Appendix 1.17 Summary statistics for three-way ANOVA of Peltigera species abundance

Stand 1
Source of Variation df Sum of Squares Mean Square F cateutated
Factor A 1 10,59828 10.59828 0.14534
Factor B 1 1772.62051 1772.62051 24._30823 *
Factor C 1 6332181 63.32181 0.86834
First-order interaction AX B 1 4.43313 4.43313 0.06079
First-order interaction A X C 1 567.13041 567.13041 777715 *
First-order interaction B X C 1 17533732 175.33732 2.40443
Second-order interaction AXBXC i 261.16176 261.16176 3.58135
Within Groups ( Error ) 392 28585.68078 72.92266
Total 399 2854.60322

Foos1),1,392 = 3.87
Stand 2
Source of Variation df Sum of Squares Mean Square Foatoutated
Factor A 1 0.00189 0.00189 0.066003
Factor B i 50.51656 50.51656 0.84883
Factor C 1 1146,46574 1146.46574 19.26401 *
First-order interaction AX B 1 203.10525 203.10525 3.41277
First-order interaction AX C H 11.74776 11.74776 0.19740
First-order interaction BX C 1 99,75016 99.75016 1.67610
Second-order interaction AXBXC 1 102.40428 102,40428 1.72069
Within Groups ( Error ) 392 23329.23213 5951335
Total 399 S 1613.99163

Foosay,3 =387
Stand 3
Source of Variation dr Sum of Squares Mean Square Fealoulated
Factor A 1 61.90542 61.90542 1.00678
Factor B i 903.66372 903.66372 14.69649 *
Factor C 1 78.49960 78.49960 1.27666
First-order interaction AX B 1 26.79098 26.79098 0,43571
First-order interaction AX C 1 17.86753 17.86753 0.29058
First-order interaction BX C I 328.18946 328.18946 533742 *
Second-order interaction AXBXC 1 167.78021 167.78021 2.72865
Within Groups ( Error ) 392 24103.45006 61.48839
Total 359 1584.69692

Fo.0s1),1,392 = 3.87

Factor A = Season of Timber Harvest

Factor B = Scarification

Factor C = Methed of Delimbing
* = significant factor / interaction
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Apperidix 1.18 Abundance of Stereocaulon species' ( mean percent cover + S.E. ) before
and after timber harvest for stand 1 ( n = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 0.17 £ 0.10 0.02 + 0.01 c
S2 327 £ 1.14 0.10 £ 0.03* ab
S3 596 £ 1.75 008 £ 002* a
S4 0.08 + 0.02 0.02 =+ 0.01 ¢
W1 0.78 + 035 0.13 £ 0.07 c
W2 227 + 124 047 + 0.21 be
W3 1.73 £ 0,94 1.43 + 1.01 c
W4 131 + 0.52 1.07 + 0.51 c

Control
C1 0.85 £ 0.32 097 = 046 c
C2 0.37 + 0.12 0.31 £ 0.10 c
C3 0.59 £ 041 0.69 = 0.44 c
C4 289 + 1.12 223 + 0.89 c

! Stereocaulon tomentosum was the only species found growing on soil and/or downed
woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, 7 <0.05 ).
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Appeﬁdix 1.19° Abundance of Stereocaulon species' (' mean percent cover + S.E. ) before
and after timber harvest for stand 2 ( 1 = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 037 + 0.19 0.01 + 0.004 a
S2 039 + 0.22 0.10 £ 0.05 a
S3 0.75 £+ 0.51 0.08 + 0,06 a
S4 041 + 0.16 0.08 + 0.04 a
W1 0.20 + 0.12 0.04 £ 0.03 a
W2 1.24 + 0.77 0.07 £ 0.04 a
W3 0.06 + 0.04 0.10 + 0.10 a
W4 023 £ 0.12 0.16 + 0.07 a

Control
C1 1.01 + 041 0.57 £ 0.22 a
C2 475 + 1.59 431 £ 145 a
C3 9.81 £ 282 9.24 £ 278 a
C4 1.01 + 0.61 0.87 + 0.51 a

! Stereocaulon tomentosum was the only species found growing on soil and/or downed
woody material.

* indicates significant difference (£ <0.05) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P < 0.05 ).
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Appendix 1.20 Abundance of Stereocaulon species’ ( mean percent cover + S.E. ) before
and after timber harvest for stand 3 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 2.51 £ 0.87 0.15 £ 0.07* a
S2 0.97 + 0.44 0.05 + 0.02 ab
S3 0.51 + 0.23 0.15 + 0.06 b
S4 0.73 £ 0.26 | 025+ 014 b
w1 0.69 1 0.60 0.09 + 0.05 b
W2 0.67 + 0.27 0.15 £ 0.07 b
w3 090 £ 039 0.17 + 0.09 b
W4 0.86 + 0.25 0.44 + 0.11 ab

Control
Ci | 1.19 = 0.53 1.09 + 0.49 b
C2 .11 + 0.39 0.79 = 0.27 b
C3 8.78 + 2.68 948 £ 2.78 ab
C4 478 + 1.76 407 £ 1.56 b

! Stereocaulon tomentosum was the only species found growing on soil and/or downed
woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups { 1-Way ANOVA, Tukey test, P <0.05).
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Appehdix 1.21 Abundance of Cetraria specicsl ( mean percent cover * S.E. ) before and
after timber harvest for stand 1 (72 = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 0.40 + 0.09 0.05 £ 0.01 abe
S2 0.84 + 0.19 0.08 + 0.01 a
S3 0.56 = 0.11 0.09 + 0.01 ab
5S4 0.49 + 0.12 0.14 = 0.02 ab
W1 0.60 + 0.21 0.10 £ 0.02 abc
w2 0.36 + 0.09 0.11 + 0.02 bed
W3 072 + 0.20 0.58 £ 0.15 bed
W4 1.28 £+ 040 0.88 + 0.25 ab

Control
C1 0.23 £ 0.08 0.21 + 0.09 d
C2 036 + 0.14 0.38 £ 0.19 cd
C3 0.08 £ 0.02 0.08 £ 0.02 d
C4 1.04 + 0.23 0.67 £ 0.14 cd

Vincludes all species of Cetraria found growing on soil and/or downed woody material.

* indicates significant difference (£ <0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P < 0.05 ).
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Appéndix 1.22 Abundance of Cefraria species' ( mean percent cover + S.E. ) before and
after timber harvest for stand 2 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 - 0.24 = 0.07 0.02 + 0.01 be
S2 321 £ 0.74 045 + 0.08* a
S3 0.50 £ 0.12 0.20 = 0.04 be
S4 0.60 £ 0.13 0.25 £ 0.07 be
W1 0.54 + 0.13 0.09 = 0.02 | be
W2 034 £+ 0.10 0.06 + 0.01 be
W3 0.10 £ 0.04 0.15 £ 0.06 c
W4 0.29 + 0.08 0.27 + 0.06 be

Control
C1 2.50 + 0.67 2.03 + 0.56 b
C2 215 = 0.55 1.64 + 0.50 b
C3 1.06 £ 0.19 0.80 + 0.16 be
C4 0.51 £ 0.16 0.29 £ 0.09 be

!includes all species of Cetraria found growing on soil and/or downed woody material,

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 1.23 Abundance of Cetraria species' ( mean percent cover + S.E. ) before and
after timber harvest for stand 3 (# = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 0.64 £ 0.13 0.16 £ 0.04 abc
S2 048 + 0.10 0.09 £ 0.01 abe
S3 0.34 £+ 0.08 0.11 + 0.01 abc
S4 0.60 £ 0.12 0.22 £ 0.05 abc
W1 0.29 + 0.11 0.11 + 0.01 be
w2 044 + 0.13 - 017 £ 0.05 abc
w3 099 £ 0.20 043 + 0.21 a
W4 1.14 + 0.26 0.61 £ 0.19 ab

Control
C1 063 + 0.17 049 + 0.17 be
C2 0.35 £ 0.09 0.27 + 0,08 c
C3 0.69 + 024 0.59 £ 0.20 bc
C4 093 £ 0.24 047 £ 0.13* ab

! includes all species of Cetraria found growing on soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05).
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Appehdix 1.24 Abundance of non-reindeer lichen species' ( mean percent cover + S.E. )
before and after timber harvest for stand 1 (# = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
St 0.00 + 0.00 0.002 £ 0.002 b
S2 0.26 + 0.16 0.002 + 0.002 a
S3 0.00 + 0.00 0.00 + 0.00 b
S4 0.002 + 0.002 000 £ 0,00 b
W1 0.11 £ 0.06 0.002 + 0.002 ab
W2 0.002 + 0.002 0.002 + 0.002 b
W3 0.02 £ 0.02 0.04 £ 0.04 ab
W4 0.00 + 0,00 0.00 £ 0.00 b

Control
C1 0.00 £ 0.00 0.00 + 0.00 b
C2 0.00 + 0.00 0.00 + 0.00 b
C3 0.00 £ 0.00 0.00 + 0.00 b
C4 1.20 = 0.02 0.05 + 0.03 ab

Lincludes species of Dactylina, Nephroma, Pertusaria and Solorina found growing on
soil and/or downed woody material.

* indicates significant difference { P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 1.25 Abundance of non-reindeer lichen species' ( mean percent cover + S.E. )
before and after timber harvest for stand 2 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 0.004 + 0.003 0.00 + 0.00 a
S2 0.00 £ 0.00 0.00 £ 0.00 a
S3 0.00 £ 0.00 0.00 £ 0.00 a
S4 0.00 + 0.00 0.00 £ 0.00 a
W1 0.00 + 0.00 002 £ 0.02 a
W2 0.00 £ 0.00 0.00 + 0.00 a
W3 Q.OO * 0.00 0.00 + 0.00 a
w4 0,00 + 0.00 0.00 £ 000 a2

Control
C1 0.24 + 0.17 0.18 £ 0.12 a
C2 020 £ 0.12 0.26 + 0.17 a
C3 0.002 + 0.002 0.00 + 0.00 a
C4 0.08 + 0.06 0.12 £ 0.10 a

“includes all species of Dactylina, Nephroma, Pertusaria and Solorina found growing on
soil and/or downed woody material.

* indicates significant difference (P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P < 0.05).
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Appehdix 1.26 Abundance of non-reindeer lichen species’ ( mean percent cover + S.E.)
before and after timber harvest for stand 3 ( 7 = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 0.05 + 0.03 0.002 £ 0.002 a
S2 0.00 £ 0,00 - 0.00 £ 0.00 a
S3 0.02 £ 0.02 0.00 + 0.00 a
S4 0.004 £ 0.003 0.004 + 0.003 a
W1 0.02 £ 0.02 0.00 £ 0.00 a
w2 0.002 + 0.002 0.004 £+ 0.003 a
W3 0.002 + 0.002 0.002 £ 0.002 a
W4 0.04 £ 0.04 0.02 £ 0.02 a

Control
C1 0.004 + 0.003 0.02 + 002 - a
C2 0.00 £ 0.00 0.00 + 0.00 a
C3 0.00 £ 0.00 0.00 + 0.00 a
C4 0.04 + 0.04 0.08 + 0.06 a

!includes all species of Dactylina, Nephroma, Pertusaria and Solorina found growing on
soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appéndix 2.1 Abundance of shrub plants' ( mean percent cover + S.E. ) before and after
timber harvest for stand 1 (= 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 1518 = 1.21 008 £ 0.04* a
S2 14.53 + 1,69 022 £ 012* a
S3 2024 + 2,15 171 £+ 050* a
S4 15.00 £+ 142 033 £ 009* a
Wi 1494 + 1.14 043 + 012* a
w2 19.15 + 2.01 039 + 0.13* a
W3 2239 £ 259 507 £ 139*% g
W4 17.75 + 1,75 281 £ 051*% a

Control
C1 28.01 £ 2.70 3432 + 282%* b
C2 23.02 £ 2.09 2791 + 239% b
C3 1296 + 1.20 13.96 + 1.36 c
c4 21.60 + 2.79 1996 + 3.02 b

"includes all species of shrubs, dwarf shrubs, and tree seedlings < 1.3 m in height found
growing on soil and/or downed woody material.

* indicates significant difference (P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data,

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appendix 2.2 Abundance of shrub plants' ( mean percent cover + S.E. ) before and after
timber harvest for stand 2 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
St 11.65 + 1.01 0.14 + 007* b
S2 22.80 + 227 064 + 046* a
S3 14.16 + 1.38 074 + 0.17* b
S4 15.09 + 1.02 1.09 + 041 * b
w1 13.43 + 1.46 0.18 £ 0.05* b
w2 1221 £ 1.12 030 £ 0.16* b
W3 1191 £+ 1.81 1.89 £ 039* bed
W4 1429 + 1.62 263 £ 061% be

Control
C1 20.12 + 2.03 2046 + 2.29 e
C2 21.72 + 239 22.50 + 2.33 de
C3 26,17 £+ 1.92 25.16 + 2.40 cde
C4 26.28 + 2.77 26.01 £ 2.82 e

!includes all species of shrubs, dwarf shrubs, and tree seedlings < 1.3 m in height found
growing on soil and/or downed woody material.

* indicates significant difference ( P < 0,05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appendix 2.3 Abundance of shrub plants’ ( mean percent cover + S.E. ) before and after
timber harvest for stand 3 ( n = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 12.81 + 145 020 + 0.07* a
S2 16.83 + 1.50 0.17 £ 0.05* a
S3 18.41 + 1.68 151 £ 029% g
S4 1933 £ 1.42 147 + 0.25* g
W1 17.75 + 1.94 070 £ 020* g
w2 19.00 + 1.96 0353 £ 0.15*% 4
w3 1322 £ 1.19 185 + 043 % 4
W4 16.81 + 1.31 1.57 £ 0.19% a

Control
C1 20.14 + 2.17 2416 £ 283 * b
C2 2466 + 2.83 25.05 + 3.18 b
C3 1599 + 1.63 1835 + 2.14*%
C4 2733 £ 275 2799 + 294 b

Uincludes all species of shrubs, dwarf shrubs, and tree seedlings < 1.3 m in height found
growing on soil and/or downed woody material,

* indicates significant difference (2 <0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data,

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P < 0.05 ).
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Appendix 2.4 Summary statistics for three-way ANOVA of shrub species abundance

Stand 1
Source of Variation df Sum of Squares Mean Square F caloulated
Factor A 1 42.44523 42.44523 0.56117
Factor B 1 13.18416 13.18416 0,17431
Factor C 1 46.81296 46.81296 0.618%1
First-order interaction AX B 1 127.66740 127.66740 1.68788
First-order interaction AX C H 182.79040 182.79040 2.41666
First-ordar interaction BX C 1 180.84870 180,84870 2.39099
Second-order interaction AXBXC 1 66.65090 66.65090 0.88119
Within Groups ( Error } 392 29649.94233 7563761
Total 359 660.39975

Foos(1y,1,302 = 3.87
Stand 2
Source of Variation daf Sum of Squares Mean Square Fealcutated
Factor A 1 1134.40976 1134.40976 16.99901 *
Factor B 1 413.02433 413.02433 6,18913 *
Factor C 1 603.24272 603.24272 9.63953 *
First-order interaction AX B 1 0.42641 0.42641 0.00639
First-order interaction AX C 1 353.55281 353.55281 529795 *
First-order interaction BX. C 1 101.62656 101.62656 152286
Second-order interaction AX BXC 1 595.11602 505.11602 891775 *
Within Groups ( Error ) 392 2615967318 66.73386
Total 399 320139802

Foosy,i392 = 3.87
Stand 3
Source of Variation af Sum of Squares Mean Square Falcutated
Factor A 1 13.48726 13.48726 0,19878
Factor B 1 9.76250 976250 0.14388
Factor C 1 457.16854 457.16854 6.73783 *
First-order interaction AX B 1 722.66881 72266881 10.65082 *
First-order interaction AX C 1 1.20231 1.20231 .01772
First-order interaction BX C 1 0.70141 0.70141 0.01034
Second-order interaction AXBXC 1 124.93651 124.93651 1.84134
Within Groups ( Error ) 392 26597.60491 67.85103
Total 399 132992733

Fo.0s1), 1,392 = 3.87

Factor A = Season of Timber Harvest
Factor B = Scarification

Factor C = Method of Delimbing

* = significant factor / interaction
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Appehdix 2.5 Abundance of herbaceous plants' ( mean percent cover + S.E. ) before and
after timber harvest for stand 1 (# = 50 for each treatment ).-

Treatment Pre-Harvest Post-Harvest
S1 0.88 + 0.25 0.03 + 0.02 be
S2 270 + 0.66 0.12 £ 006* a
S3 040 + 0.14 0.18 + 0.05 c
S4 0.13 + 0.05 0.09 £ 0.05 c
W1 0.32 + 0.09 0.02 £ 0.01 ¢
w2 0.52 + 0.25 0.05 + 0.01 c
w3 0.46 £ 0.20 0.13 + 0.07 c
W4 0.16 £ 0.08 0.01 + 0.004 c

Control
C1 0.88 + 0.29 1.13 £ 0.32 c
C2 0.58 £ 0.18 067 £ 0.17 c
C3 338 £ 034 3.54 £ 035 ab
C4q 032 £ 0.12 0.3%9 + 0.13 c

"includes all species of forbs, graminoids, clubmosses and horsetails found growing on
soil and/or downed woody material.

* indicates significant difference (P <0.05) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, Z < 0.05 ).
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Appehdix 2.6 Abundance of herbaceous plants' ( mean percent cover * S.E. ) before and
after timber harvest for stand 2 (# = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 224 + 031 0.06 + 0.04* a
S2 1.17 £ 0.26 0.14 £ 0.11 bede
S3 2.19 £ 0.40 022 £+ 012% ab
S4 248 + 0.41 003 £+ 001* a
Wi 1.65 + 0.30 0.002 £ 0.002* abed
W2 1.85 + 0.27 0.01 £ 0.004* ab
W3 1.99 + 0.29 032 £ 0.12*% abc
W4 1.89 + 0.28 005 £ 0.02*% ab

Control
C1 020 + 0.04 0.68 £ 0.16 de
C2 094 £ 022 126 + 0.34 cde
C3 026 + 0.12 0.38 + 0.20 e
C4 1.73 £ 0.27 469 + 069* a

!includes all species of forbs, gramminoids, clubmosses and horsetails found growing on
soil and/or downed woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups { 1-Way ANOVA, Tukey test, P <0.05 ).
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Appehdix 2.7 Abundance of herbaceous plants' ( mean percent cover £ S.E. ) before and
after timber harvest for stand 3 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
81 0.92 £ 0.17 0.04 £ 0.01 abcde
S2 143 + 0.19 002 £ 0.01*% ab
S3 0.57 £ 0.22 0.06 + 0.04 de
S4 0.18 + 0.06 0.02 + 0.01 e.
Wi 1.37 £ 0.32 0.02 = 0.01 abed
w2 2.19 + 0.57 004 £+ 002* 2
W3 034 £ 0.12 0.03 £ 0.01 e
W4 0.75 + 0.16 0.05 £ 0.01 cde

Control
C1 234 + 0.55 287 + 078 abc
C2 1.91 £ 0.40 343 + 0.56 % abc
C3 136 £ 025 1.98 + 0.30 abcde
C4 ' 1.16 + 0.28 1.62 £ 0.34 bcde

"includes all species of forbs, gramminoids, clubmosses and horsetails found growing on
soil and/or downed woody material. -

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, £ <0.05 ).
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Appehdix 2.8 Abundance of terrestrial bryophytesl ( mean percent cover + S.E. ) before
and after timber harvest for stand 1 (# = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 30.53 + 3,70 570 £ 1.14*% a
S2 20.12 + 3.27 484 + 141%* abc
S3 ' 20.02 + 3.54 1.68 £ 0.53 % abc
S4 46.02 + 3.51 889 + 220* e
W1 22.14 + 3.47 593 £ 1.04*% ab
w2 16.15 + 2.87 6.65 £ 1.37*% bed
W3 26.94 *+ 3.63 1765 £ 279 * bed
W4 49.37 + 4.62 3607 + 447* abc

Control
C1 47.53 + 4.96 4529 + 535 bed
2 4530 £ 4.17 4246 + 428 * «cd
C3 _ 3222 + 3.84 36.34 £ 3.82 % bed
C4 2138 + 3.40 19.62 % 3.04 d

!includes all species of mosses and liverworts found growing on soil and/or downed
woody material.

* indicates significant difference ( P < 0,05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, 7 <0.05 ).
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Appehdix 2.9 Abundance of terrestrial bryophytes' ( mean percent cover + S.E. ) before
and after timber harvest for stand 2 ( # = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 41.81 + 4.84 525 £ 099* ab
S2 31.77 £ 3.94 889 + 1.51*% bc
S3 4436 + 4.39 1591 + 267* ab
S4 3560 + 4,19 7.54 £ 1.55*% be
w1 5443 + 445 1682 £ 256* a
W2 4761 + 4.71 1033 + 1.40* ab
W3 5731 + 486 43.66 £ 4.57* «cod
w4 3416 + 425 3123 £+ 394* de

Control
C1 976 + 221 10.41 £ 230 e
C2 10.82 + 1.95 10.75 + 1.91 e
C3 16.27 + 3.09 17.68 + 3.02 e
C4 32.13 = 4.16 38.10 + 430* de

!includes all species of mosses and liverworts found growing on soil and/or downed
woody material,

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data,

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appendix 2.10 Abundance of terrestrial bryophytes' ( mean percent cover + S.E. ) before
and after timber harvest for stand 3 { » = 50 for each treatment ).

Treatment Pre-Harvest Post-Harvest
S1 14.17 + 2.71 230 + 0.53* bed
S2 18.59 £ 3.60 640 + 136* ab
S3 19.97 + 3.10 930 + 1.67* bed
S4 30.27 £ 4.19 1393 + 266* ab
w1 19.55 = 2.99 578 + 1.53* ab
w2 26.72 + 427 11.17 + 1.99* a |
w3 31.25 + 3.90 2174 £ 3.16* bc
W4 16.97 £ 3.25 1296 + 2.59* cde

Control
Ci 22.87 + 3.92 23.48 = 4.08 e
C2 37.25 £ 499 37.37 + 495 de
C3 2410 + 3.62 26.03 + 3.81 de
C4 21.21 £ 3.88 22,16 + 3.85 e

! includes all species of mosses and liverworts found growing on soil and/or downed
woody material.

* indicates significant difference ( P < 0.05 ) between pre-harvest and post-harvest years
determined by t-Test calculations on pairwise comparisons of arcsine-transformed data.

Note: letters indicate homogeneous groups ( 1-Way ANOVA, Tukey test, P <0.05 ).
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Appendix 2.11 Summary statistics for three-way ANOVA of bryophyte species abundance

Stand 1
Source of Variation df Sum of Squares Mean Square Featculated
Factor A i 6420.33613 6420.33613 27.68221
Factor B 1 643.89061 643.89063 2.77623
Factor C I 210.39503 210.39503 0.90715
First-order interaction A X B 1 792.02845 792.02845 3.41495
First-order interaction AX C 1 65602577 656.02577 2.82855
First-order interaction B X C 1 7136.36353 7136.36353 3076947
Second-order interaction AXBXC i 1407.97553 1407.97553 6,07069
Within Groups { Error ) 392 90916.57366 231.93003
Total 399 17267.01506

Foosc1),1,302 = 3.87
Stand 2
Source of Variation dr Sum of Squares Mean Square F oaleutated
Factor A 1 1031.98350 1031.98350 3.33650
Factor B 1 1196737542 11967.37542 38.69163
Factor C 1 2456.044972 2456.04492 7.94062
First-order interaction A X B 1 9130.28026 9130.28026 29.51904
First-order interaction AX C i 12,64158 12.64158 0.04087
First-order interaction BX C 1 128.53891 128.53891 0.41558
Second-order interaction AXBXC t 467.57575 467.57575 151172
Within Groups ( Error ) 392 " 12124615014 309.30140
Total 399 25194.44034

Foosy, 1,302 = 3.87
Stand 3
Soutce of Variation af Sum of Squares Mean Square Featoutated
Factor A 1 73.77092 73.77092 0.35939
Factor B 1 997.23324 997.23324 4.85823
Factor C 1 96.60924 96.60924 0.47085
First-order interaction A X B i 1689.86766 1689.86766 823254
First-order interaction A X ¢ 1 738.86112 738.86112 3.59951
First-order interaction B X C 1 377.36948 377.36948 1.83843
Second-order interaction AN BX C 1 681.88877 681.88877 332196
Within Groups ( Error ) 392 80464.65819 205.26699
Total 399 4655.60044

Fo.ost1),1,392 = 3.87

Factor A = Season of Timber Harvest
Factor B = Scarification

Factor C = Method of Delimbing

* = significant factor / interaction
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