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Vegetation recovery foIlowing disturbance, whether it be natural or 

anthropogenic, is commonly known as secondary succession. For some species, periodic 

wildfire is essential for stand continuation through understory removal, heat-aided seed 

release, and mineral soil exposure. Clear-cut logging also removes much of the 

understory, exposes patches of mineral soil and creates warmer microsites. These 

comparable disturbance characteristics suggest that there may be similarities in stand 

recovery and diversity following either type of periodic disturbance. Al1 plant species in 

the stand are affected by disturbance; consequently, diversity and succession need to be 

considered in dl strata- 

The study area was located in northeastem Ontario. Forest stands with jack pine 

(Pinlis banhiana, Lamb.) as the original dominant overstory species were used as study 

sites, Jack pine is an important wood source for the pulp and lurnber industries of 

northern Ontario, and is usually harvested using clear-cut logging. It is a typical post-fie 

pioneer species and is dependent on periodic fire events for stand perpetuation. The main 

focus of the study was to compare understory species recovery and change following 

clear-cut logging or wildfire disturbance. 

Standard forest plots were used to gather information about al1 vegetation in the 

stand. Species richness, species diversity (Shannon index of diversity), and species 

composition were determined for the tree, shmb, and ground strata. Kruskal-Wallis non- 

pararnetric oneway analysis of variance tests were used to determine significant 

differences between sites being compared. The soil profile at each site was descnbed, 

bulk density samples were taken for the top 30 cm of mineral soil, and duff layer organic 

matter content was determinedl 

For the majority of the cornparison sets, the tree, shmb and ground strata of the 

wildfire sites had higher species richness (25% to 60% more species) and diversity than 



the correspondîng harvested sites. Vegetation species that were found at both of the 

paired harvested and wildfire sites (referred to as cornmon species), accounted for the 

greater proportion (over 60%) of the total species in the tree, shrub or ground stratum at 

the harvested sites. In the ground stratum, these common species also had higher 

importance d u e s  for most of the sets. It seems that harvesting affected stand 

heterogeneity but basic stand character (structure and composition) was retained. 

Essentially, the vegetation composition was simplified through the retention of conunon 

species and the loss or reduction of rarer species. 

Jack pine tend to occupy dner and nutritionally poor soils which limits the type of 

understory species, resulting in an inherently simple community. The simplified 

comrnunities found in harvested stands may be a cause for concern, because they were 

originally more diverse (relatively speaking). Diversity is often seen as a sign of stand 

health, and the 'altered' (harvested) stands may not have the sarne resilience (relative 

ability to recover fiom stress) as do the wildfire stands. The loss of  some species may 

indicate changes in the physical characteristics of the site. 

Concem about the resilience of the harvested stands is supported by the results 

comparing stands of different ages (used as a proxy for time), For the wildfire disturbed 

sites richness and diversity were either unchanged, or increased 'over time'. These 

observed trends agree with other study findings that looked at wildfire recovery or natural 

stand development (such as primary or secondary succession). At the harvested sites of 

this study, a decrease in both species richness and diversity, or no change were the most 

fiequently observed trends. This consistent decrease could indicate a disruption in 

natural stand development. In managed Iandscapes the goal is to maintain natural levels 

of diversity despite human impact. But, if only species with higher tolerance to 

disturbance (either through vegetational persistance or regeneration abilities) persist 

where there is potential for a variety of species, then questions need to be raised as to 

why, and what can be done to maximize natural recovery. 
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INTRODUCTION 

Forest ecosystems are dynarnic. There are interactions between tree stands, 

between the different communities within a stand, and within the communities. In 

addition, the physical environment affects dl components of the forest. Succession, the 

continual change in plant species structure and composition in a certain area over time, is 

the process that determines forest stand establishment and development, both of which 

are driven by both intemal (cornpetition) and external (climate, soil, other organisrns) 

factors. For most forested areas in the temperate zone, succession begins with a wide 

assortment of pioneer species taking advantage of an uncolonized patch of soil and leads 

fiorn a more select group of species specialized to the closed canopy habitat of a mature 

forest to those species adapted to the changes that occur beyond rnaturïty (Billings 1978, 

Barbour et al. 1998). Along with this change in species composition are increases in 

ground cover, overall biomass, vertical heterogeneity, and species diversity (Barbour et 

al. 1998). Soi1 changes inciude an increase in the depth of the litter, in soil organic 

matter content and in soil moisture (Brady 1990). In the early stages of succession the 

soi1 is the main site for nutrient storage, but as plant biomass and complexity increases 

most of the nutrients are stored or bound in the vegetation component (Barbour et al. 

1998). Whether the stability of a forest stand increases or decreases during succession 

depends on what one considers 'stable'. Pioneer communities tend towards rapid species 

turnover and are well suited to tolerate environmental stress. Mature communities are 

more settled in terms of species composition with a more speciaiized group of species 

that have modified the soil, but in the event of an unusual environmental stress the 

community may not have the ability needed to withstand or recover fkom the disturbance. 

Large-scale disturbances alter the composition and structure of plant communities (Shafi 

and Yarranton 1973, Abrarns and Dickmann 1982, Taylor et al. 1987, Halpern 1988, 



Meier et al. 1995). As a result, the landscape consists of a mosaic of different aged 

stands, a living chronicle of the past disturbances that aff'ected the area (Johnson et al. 

1995). 

It is accepted that the biological diversity of a commufiity changes during 

recovery fiom disturbance (Peet et al. 1983, Mushinsky and Gibson 1991). Results fiom 

various studies suggest that relationships between diversity and succession are cornplex 

and ultimately may be stand- or community-specific. Temporal trends in diversity during 

succession have been shown by different studies to either increase, decrease, or peak one 

or more times (Halpern and Spies 2995). Initialiy, species loss is ofien more rapid than 

immigration leading to a decrease in diversity, but the continuous in£lux of species later 

on during site recovery may lead to diversity levels above that of the onginal forest (Peet 

et al. 1983). Moderate levels of stress (those that disrupt but do not destroy a habitat) 

have the most beneficial effects on diversity, whereas extreme levels have the most 

negative e-ffects (Peet et al. 1983, Burton et al. 1992). 

Vegetative recovery following disturbance, whether the disturbance be natural or 

anthropogenic, is commonly known as secondary succession (Barbour et al. 1998). Plant 

invasion of disturbed patches occurs through immigration from adjacent undistubed 

stands and by re-establishment of original species that have survived in soil or aerial 

seedbanks or vegetative fragments (Billings 1978, Halpern and Spies 1995). Changes in 

soil properties, microclimate, and vegetation occur d u ~ g  succession with plant-induced 

modifications being one of the driving forces (Barbour et al. 1998). The interaction 

between overstox-y and understory species in a stand a e c t s  the successional process and 

stand composition at al1 stages. Vegetative recovery at a disturbed site generally follows 

the pattern of an initial plant cover dorninated by pioneer species, followed by a graduai 

re-establishment of the pre-disturbance vegetation composition, especially &er canopy 

closure (Shafi and Yarranton 1973, Abrams and Diclcrnann 1982, Burton et al. 1992, 



Halpern and Spies 1995, Meier et al. 1995,). The pre-disturbance species tend to take 

longer to recover because of slower growth and more specific habitat requirements. 

Pattern and rate of change following disturbance in a forest stand reflect, and are 

influenced by, a combination of the following factors (Ahlgren 1960, Halpern 1988, 

Kershaw 1993): 

Nature of the disturbance (severity, duration, season, pattern and size); 

Charactenstics of the original commmity; 

Seed source availability and quality, and seedbed receptiveness; 

Species composition and quality of surviving vegetation; 

Local environmental conditions; and 

Influence of consumers. 

For some forest species, disturbance is not a disaster but a decided benefit. 

Penodic wildflre can be essential for stand continuation through understory removal, heat 

aided seed release and rnineral soil exposure (Fowells 1965). In essence, clearing of the 

site is an integral factor in regeneration of selected species. Clear-cut logging also 

removes much of the understory, exposes rnineral soil, and creates warrner microclimate 

sites. These comparable disturbance characteristics suggest that there could be 

simiiarities in stand recovery and diversity following periodic disturbance, whether the 

disturbance is naturai, such as fire, or anthropogenic, such as clear-cut logging. 

Scope of the studv 

Because crop species production is the main goal of the forestry industry, most 

research deaiing with changes and recovery of vegetation at a site has concentrated until 

recently on target crop species (Halpern and Spies 1995). Cornpetition occurs arnong and 

between crop and non-crop vegetation, either directly or indirectly. Species compete 

directly for available light, moisture, nutrients and space, and indirectly by increasing or 



decreasing f i e  potential, or by providing a favourable habitat for browsing animals or 

damaging agents such as insects or disease (Buse and Beil 1992). AU species in the stand 

are affected by disturbance; consequently diversity and succession need to be considered 

at aU levels, not just at the overstory or target crop species level. If Best Fore* Practice 

guidelines are to be developed to maintain the productivity and biodiversity of the forest, 

then the impact on al1 plant species, not just the target species, needs to be examined. 

The question is not if, but how is succession aftered by harvesting and how does it 

compare to fire-induced succession. 

In this study, forest stands with jack pine (Pinus banksiana Lamb.) as the 

dominant overstory species will be selected to examine vegetative recovery following 

either clear-cut logging or wildfire disturbance. Jack pine is a typical postfire pioneer 

species for which £ire can be considered an ecosystem process rather than sirnply a 

periodic event (Weber 1988). It is also an important wood source for the pulp and lumber 

industries of northern Ontario. Jack pine is normally hmested using clear-cut logging 

followed by some form of site preparation in order to expose mineral soi1 for optimal 

regeneration and restocking (Sutherland and Foreman 1995). 

The broad objective of the study was to examine and compare the separate effects 

of wildfire and clear-cut logging on the species richness, species composition, and species 

diversity of the tree, s h b  and ground strata of selected jack pine stands. Cornparisons 

will be made between stands affécted by dif5erent disturbance types and between stands 

of different ages. 

The specific objectives of this study were: 

+ To compare species richness, composition and diversity at sites that have been 

exposed to either wildfire or logging. 



+ To determine the changes in vegetative species richness, composition and 

diversity during recovery from wildfire or logging disturbance. 

+ To determine how vegetative species diversity studies codd aid in predicting 

the effect of tree removal over tirne on the forest ecosystem. 

For this study, ''vegetative recoveryy' or "stand recovery" will be used in the context of a 

r e m  to a more favourabie state fiom an unfavourable one (Petennan 1980); the 

favourable state in this case being a stratified, viable vegetated stand. 

O v e ~ e w  and cornparison of wiidfire and clear-cut logging disturbance 

Wildfire disturbance 

When examlliing vegetative recovery following f i e  disturbance, the trend 

documented in a variety of studies and ecosystems involves an increase in species 

diversity and the dominance of certain plant groups (usually pioneer species) (review by 

Abrams and Dickmann 1982). This increase is ternporary, lasting only two to five years, 

until the invader species are replaced through the re-establishment of the pre-disturbance 

species (Ahlgren 1960, Shafi and Yarranton 1973, Bell et al. 1991). The increase in 

diversity is a result of higher species richness rather than an increase in total vegetation 

biomass at the site (Shafi and Yarranton 1973). Other post-fire trends observed include; 

either no significant change in vegetation composition before and after fie, or a decrease 

in species richness (Abrams and Dickmann 1982). Generally, fire disturbance 

perpetuates the heterogeneity of a habitat by creating a variety of site conditions (soil, 

vegetation composition and structure, microclimate) within the main habitat type (Bell et 

al. 1991). The severity of the fire (depth of bum, temperature, area) is an important 

factor in determining surviving vegetation composition and regeneration rate at a site 



(Ahlgren 1960, Abrams and Dickmann 1982, Bell et al. 199 1). As f i e  severity increases, 

chance of the onginal species re-establishment decreases (Bell et al. 1991). 

Lom5.u~ disturbance 

The effect of Iogging on vegetative recovery seems to follow a subtie yet 

potentially damaging set of trends. Most studies found some degree of change in stand 

structure and species composition. Meier et al. (1995) looked at old growth hardwood 

stands in North Carolina and found that even though îhere was no significant difference 

between clear-cut and uncut stands for total species cover (% cover), the logged stand had 

significantly lower species richness. Al1 species present at the clear-cut stand were 

designated as being of common occurrence at the uncut stand. deVos and Bailey (1970) 

studied jack pine and white spruce stands in Riding Mountain National Park (Manitoba), 

and found a change in the relative importance of several species and in some cases there 

was an increase in the variety of plants but generally cornmuniiy structure (relative spatial 

arrangement) was affected rather than composition. Halpern and Spies (1995) studied old 

growth Douglas fir stands in the Pacific northwest (western Oregon and Washington) and 

observed an initial, widespread reduction in the abundance of understory dominant herb, 

low shnib, and subcanopy tree species, that coincided with the early dominance of 

pioneer invader species. A gradua1 re-estabIishment of most of the original species 

followed this change away fiom the pre-disturbance cornrnunity. There is general 

agreement that Iogging disturbs or removes the less common species in a forest stand and 

this has the potential of re-directing or delaying the succession processes in the area 

depending on the severity of the disturbance, and the prominence and persistence of 

invader species (deVos and Bailey 1970, Kershaw 1993). 

Increased awareness regarding the impact of past and current foresm practices 

has prompted research to develop operating guidelines for maintaining the productivity 

and diversity of forest ecosystems. AU forms of harvesting and site preparation remove 



biomass fiom a site and cause some degree of darnage to the soi[, vegetation and 

microfama and flora (Kersbw 1993, Tenhagen et al. 1996). Clear-cut harvesting has a 

negative image, especially when done as fidl tree harvesting where the trees are removed 

and delimbed at the roadside. Tbis method can be considered as havuig high potential to 

degrade site productivity in both the short and the long term (Meier et al. 1995, Tenhagen 

et al. 1996). However, clear-cutting is considered an appropriate silviculture treatment in 

forest where the ecosystem is subject to cyclic natural disturbances such as wiIdfire, 

windstorms, and insect outbreaks (Abram and Dickrnann 1982, Halpern and Spies 1995, 

Pâquet and Belanger 1997). The pertinent question remains as to wheher clear-cut 

logging mimics these natural disturbances. 

Clear-cut 1og.ging and wildfïre: a comparison 

The previous sections provided separate o v e ~ e w s  of vegetative recovery at 

wildfire disturbed sites and clear-cut logging disturbed sites. This next section will 

introduce some hypotheses on the comparison of the two disturbance types. For the 

purpose of these cornparisons the harvesting treatment will be only clrar cut logging, not 

the clear cutting and slash burning regime that is sometimes implemented. Halpern 

(1988) suggests there is a need to consider both the vegetation changes over time and the 

recovery of original species when comparing comunity response to disturbance. Also 

important to consider and distinguish are the initial effects and the long term effects of 

the disturbance (Haipern and Spies 1995, Tenhagen et al. 1996). 

Generalized first impressions of the immediate effects and observations fiom a 

wildfire disturbed (specifically a large, high intensity, stand-replacing fie) and a clear cut 

logging disturbed site are outlined in Table 1. 



Table 1. Features obsewed at wildfzre disturbed and at clear-cut logging disturbed forest 
stands 

- - -- 

Wildfire stand Harvested stand 

Physical appearance Overstory reduced or killed Overstory reduced 

Understory gone or patchy Understory damaged or compacted 

snags and charred rem- Sturnps and slash 

litter layer gone or reduced Litter layer compacted or relocated 

(if harvest done in summer) 

mineral soil patches exposed Mineral soil patches exposed 

mineral soil uncompacted Mineral soi1 may be compacted 

Special features ash layer machine trenches and tracks 

Revegetation sources Remaining soi1 seedbank soi1 seedbank 

remiij,i,g canopy seedbanks rernaining canopy seedbank 

adjacent stands adjacent stands 

surviving vegetative parts swiving stems and roots 

From initiai observations it seems that the clear-cut site has the higher potential of 

return to pre-disturbance composition and structure owing to the presence of surviving 

vegetation with which invader species would have to compete. At the wildfie site, 

species composition during recovery could be more affected by "chance" (equal 

opportunity for whichever seeds arrive at the disturbed site) and the composition of 

adjacent stands. It may take longer for the vegetation cover to re-establish and species 

composition could differ fiom the original composition. Because both fire and natural 

canopy gaps are known to initiate succession (Barbour et al 1998), initial rate of recovery 

may differ, but final stand composition could be similar. 



There is greater potential for differences in both vegetative recovery and 

ecosystem health when the long term effects of disturbance are considered. Of the most 

concem is the effect of rernoving trees and associated stored nutrierits fiom a stand 

(Suthedand and Foreman 1995, Kershaw et al 1996, Tenhagen et al 1996). As 

previously rnentioned, storage of nutrients at a site shifts from the soi1 to the living and 

dead plant biomass as a stand matures. At the wildfire site the physical presence of the 

overstory is lost but most nutrients are retained in the ash and semi-consiuned snags, and 

ultimately most will be incorporated back into the soil (Ahlgren 1960, Weber 1987). 

Clear cuttiag simply removes the overstory, leaving little of the nutrients stored in the 

tree tissues to be recycled, especially if trees are delimbed at roadside rather than at stump 

(Richardson and Henderson 1993). Site quality will suffer if nutrient stores are not 

maintained or replenished. The species that will be a£Eected fist by decreasing nutrient 

stores will be the species that need the nutrients stored in the soil in order to re-establish 

each spring, such as annuals (Halpern 1988, Halpern and Spies 1995). Succession and 

species diversity rnay not be immediately affected but at sorne point there may be a loss 

of species that have more specific soil nutrient demands. 



SITE DESCRIPTION 

Site Selection 

Suggestions for study sites, and background information on site history were 

provided by Brian Nicks @.B. Eddy Forest Products Ltd., Espanola), Paul Fantin (MNFt 

Gogama), Don Buck (MNR Timmins) and Rosalind Chaundy (Department of Forestry, 

University of Toronto, Toronto). 

Sites were selected to be as similar as possible except for three criteria: 

Disturbance type - clear-cut harvest or wildfire 

Age - time elapsed since disturbance 

Regeneration source - artificial (aerial seeding or planting) or natural 

Studv area 

The study area was located across the districts of Gogama, TUnmins and Sudbury 

in northeastern Ontario in Ecoregion 3E (McCarthy et al. 1994). This was within the 

Sudbury-North Bay (L.4e) and Timagami (L.9) sections of the Great Lakes/St. Lawrence 

Forest Region (Rowe 1972). The sites were located either dong the Hwy 144 corridor 

between Sudbury and Tiwriins, or slightly east of the corridor and north of Capreol 

(Figure 1, UTM coordinates in Table 2). The criteria used to select sites was age (time 

elapsed since disturbance), and type of disturbance (fire or logging). Original intentions 

were to h d  sites that had been burned or clear-cut then allowed to recover naturally. 

Because this was not possible for al1 cases, the sarnpiing design was expanded to enable 

cornparison between artifïcially regenerated sites (aerial seeded or planted), and naturally 

regenerated sites at the two ends of the chronosequence. Some sites were also prepared 

by scarification, and the possibie effects of such treatments on succession were 

considered. Sites were chosen such that variations in topography, pre-disturbance 

vegetation, soils and surroundhg stand composition were rninimized between and within 

sites. 



Sample Site 
SBA Site Code 

N (see Table 2) 

1 O N T A R I O  L\ 

FIGURIE 1. Map of study sites in northeastem Ontario. 



Table 2. Township and UTM coordinates for the study sites 

Years since 
Site - disturbance Townshi~ UTM 
~ " c ~ A "  6 Musgrove 471000 5334800 

5CNd 9 Musgrove 471000 5334800 
5BeA 5 Roberts 489300 5196800 
5BN 5 Roberts 489400 5198500 
l5CA 17 Vrooman 441000 5257800 
15BA 14 Vroornan 445000 5258300 
30CA 3 0-3 5 Vrooman 441000 5258000 
30CN 38 Benneweis 440500 5261600 
30BN 29 Westbrook 452300 5258900 

"site age catagory 
b~ = clear-cut logged dN = natural regeneration 
"A = artificial regeneration 'B = wildfire burn 

'Younger' sites 

The younger harvested sites (SCA and 5CN) were located in Musgrove Township, 

approximately 40km south of Timrnins dong the Peterlong road. The landscape is 

composed of till ground moraine over bedrock and bedrock laiobs, forming a gently to 

moderately rolling topography of low hills, outcrops and wetlands. Soils at the site are 

shallow (35-45cm), and consist of loam over a coarse sandy loam C horizon. 

The five year old, clear-cut logged and artificially regenerated stand (5CA) was 

harvested in 1990, scarified (to expose &erd soil), and planted with jack pine seedlings. 

The original stand was approximately eighty years old at the time of harvest (1974 Forest 

Resource Inventory map) with a jack pine-dominant overstory. The current stand had a 

six year old jack pine-dominant overstory with living and standing dead trembling aspen. 

The understory shrub layer was green alder and raspberry. Bracken fem, northern bush 

honeysuckle, blueberry, bunchberry, Canada mayflower and large leaf aster dominated 

the ground cover. Main species of the moss layer were PoZytrichum commune and 

Pleurozium Schreberi and were often found as large drïed-up patches. 



The five year old, clear-cut logged and naturally regenerated stand (5CN) was 

harvested in 1987 then left to regenerate naturally after scarification. This site was 

Iocated in the same original stand as 5CA. The current stand also had a six year old jack 

pine-dominant overstory with live and standing dead trembling aspen and cherry. 

Understory shrubs were green alder, raspberry, bluebeny and northern bush honeysuckle. 

Bracken fern, bunchberry, Canada maflower, false sarsaparîlla and large leaf aster 

dominated the ground cover. The moss Iayer species were PoZytrichurn commune and 

Dicrunum sp. A herbicide spray was used on both of these stands. 

The younger wildfire disturbed sites were located in Roberts Township, 

approxïmately lOkm no& of Capreol. The landscape of the area \vas similar to that of 

the five year old logged sites. Soils at the site were shallow (40-50cm) and consisted of 

loam over sandy loam and coarse sand C horizon (Appendix D). Both wildfire sites were 

within the same original 138 year old stand, which consisted of 40% jackpine with 20% 

each of white pine and white birch. Fire occurred in 1992. 

The five year old artificidly regenerated wildfire stand (5BA) was trenched (to 

expose minera1 soil) and planted with jack pine. The current stand had not yet developed 

an overstory. The understory shrub species were red maple, trembling aspen, white birch 

and pin cherry, almg with the planted jackpine. Bracken fern, raspberry, northern bush 

honeysuckle, and skunk currant dominated the ground cover, dong with clumps of 

goldenrod, and bluebeny. Polytrichzim commune and Pohlia nutans were the main moss 

species. 

The five year old, naturally regenerated wildfke stand (5BN) was untreated 

following the 1992 f ie .  The current stand had not yet developed an overstory. The 

understory shmb species were red maple, pin cherry, jack pine and green dder. 

Blueberry, northern bush honeysuckle, bracken fem, large leaf aster, and bunchberry 

dominated the understory ground cover. The main moss species were Polytrichum 

commune and Pohlia nutans. 



Intermediate and older sites 

The rest of the sites were located in the eastern portion of the highway 560 

comdor, where it bisects highway 144, approxirnately 150km north of Sudbury. The 

sites are located on a sand and gravel glacial outwash plain with flat to gently r o b g  

topography. Sand and gravel kames are also found in the area. 

The fifteen year old clear-cut logged and artificially regenerated site (15CA) was 

located in Vrooman Township. The original eighty-two year old pure jack pine stand was 

harvested in 2978. Scarification and seeding with jack pine were the post harvest 

treatments. Soils at the stand consisted of loam over sandy loam and loarny sands. The 

current stand had a dense overstory of eleven year old jack pines. Green alder and choke 

cherry shmb clumps were found where there were canopy openings. The understory 

ground cover consisted of sheep laurel and bluebeny, with large leaf aster, Canada 

mayflower, bunchberry and trailing arbutus. Dicranum sp., Polytrichum commune, and 

Plezrroziurn Schre beri were the main moss species. 

The fifteen year old, artificially regenerated wildfke site (ISBA) was also located 

in Vroornan Township, approximately 5km ftom 15CA. The original tlmty-two year old 

jack pine dominant stand bumed in 1981. Aerial seeding to jack pine was the post- 

disurbance treatment at the site. Soils at the stand consisted of silty sands, loams and 

loamy sands over a medium sand C horizon. The current stand was a mosaic of tree 

clurnps, transition shrub thickets and open areas. The overstory contained seven year old 

jack pine, eleven year old trembling aspen and thirteen year old white birch. Shnib 

species of the open and transition zones were green alder, pin cherry and willow. The 

understory ground cover consists of blueberry, northern bush honeysuckle, sheep laurel, 

sweet fern, and bracken fern, along with large leaf aster, bunchberry, blue bead lily and 

Canada blue joint. Polyîrichum commune was the main moss species. 



The thkty- year old, clear-cut logged and artificially regenerated site (30CA) was 

located in Vrooman Township, approximately 500m north of 15CA. Soils consisted of 

sandy loam over a medium sand C horizon- This stand was logged, scanfied and aerial 

seeded with jackpine in the early 1960's. Onginai overstory compostion was most likely 

jack pine dominant of unknown age. The current stand has a tweny-two year old, evenly 

spaced jack pine dominant overstory with some black spruce and trembling aspen. 

Understory species were green alder and willow, sheep laurel and blueberry, twin flower, 

trailing arbutus, bunchberry, Canada mayflower and Iarge leaf aster. The main moss 

species were Pletirozium Schreberi and Polyîrichurn commune. 

The thwty year old, "naturally regenerated", clear-cut logged stand (30CN) was 

located in B e ~ e w e i s  Township, approximately 2km north and across a river from 30CA. 

The onginai jackpine dominant stand was logged in 1958. This site was trenched and 

hand seeded with jack pine (2 - 5 seeds per spot), The low concentration hand seeding 

was the nearest imitation available for an older naturaiiy regenerated logged site. The 

understory was low shrub-dominant with blueberry, sheep laurel and sweet fern as the 

main species. Patches of green alder, choke cherry and willow were present. The 

understory ground layer had only three herbaceous species, cow wheat, bunchberry and 

Canada maflower. Plezrrosium Schreberi and Dicranum sp. were the maîn moss species 

and often formed carpet patches. Soils at the stand were silty Ioam and loamy sand over a 

medium sand C horizon. 

The thirty year old naturally regenerated wildfire site (30BN) was located in 

Westbrook Township by the C.N.R. tracks approximately lOkm east of ISBA. Wildfire 

in 1967 burned an area previously affected by a 1941 fire. The original jack pine 

dominant stand was twenty five years old- Soils at the stand consisted of loam and sandy 

loams over a silty sand C horizon. Jack pine (twenty-one years of age), white birch 

(twenty-one years), trembling aspen (seventeen years) and clioke cherry were co- 

dominate in the current overstory. Understory shrub species were green alder, choke 



cherry, and black spmce. Understory ground cover consisted of northern bush 

honeysuckle, blueberry, sheep laurel, Canada mayflower, blue bead lily, bunchberry and 

large leaf aster. The main moss species were Pleuroziurn Schreberi, Dicranum sp. and 

Polytrchum commune, often forming dense size patches. 



METHODS 

Vegetation sampling was done during the siinuner months of 1995,1996 or 1997. 

Sites 15CA, 30CA and 15Ba were sampled in Juiy and August of 1995. Sites 30BN, 

5CA and 5CN were sampled in June of 1996. Site 3004  was sampled in August of 1996. 

Sites 5BA and 5BN were sampIed in July of 1997. 

At each of the sites, a transect was established along a predetermined bearing. 

Transects were set up to sample optimally either the main portion of the stand, or a 

representative area of the stand. Location and bearing were determined using Forest 

Resource Inventory (FRI) maps, topographical maps and aerid photos of the area. Plots 

were located along the transect at 10 to 35x11 intervals depending on the heterogeneity of 

the site. If the stand was fairly homogeneous in terms of over and understory vegetation, 

then the plots could be placed at the minimum distances (10, 15 or 20m). For the 

heterogeneous stands with distinct areas of tree thickets, open areas and transition zones 

between the two areas, locating the plots M e r  apart (35m) ensured that al1 variations 

were adequately sampled. Figure 2 shows the set-up of nested herb quadrats (ten lm x 

l m  sub-samples) and shnib (one 2m x Sm) quadrat within the main forest plot (10m x 

10m). Ten forest plots were sampled at each site. Herb quadrats were always sampled in 

the same direction, fiom the back line of the plot to the transect line. 

A 

line 

Figure 2. Layout of forest sample plot and nested quadrats. 



The herb quadrats and shmb quadrats were considered as sub-sarnples within a site. 

In each forest plot al1 trees were identified and diarneter at 1.3m (diameter at 

breast height, DBH) was recorded. Ten of the trees were randody selected for height 

and age. Jack pine with a DBH of less than 2cm but taller than 2m were included with 

the trees and were recorded as saplings. To be classified as a 'tree', height had to be 

greater than 2m and the diarneter had to be greater than 2cm at a height of 1.3m on the 

trunk. In the shrub quadrat, stem density and percent ground cover (visual estimate by 

the same observer) for shrub species 0.25111 to 2m were recorded. Percent cover (visual 

estimate) by species for all shrubs under 25 cm (Iow s h b s ) ,  herbs, mosses and 

livenvorts, ferns and fern allies, graminoids, lichens and tree seedlings were recorded in 

the l m  by lm quadrats. A running species list was compiled for any species found in the 

plot but not in the quadrats. Species Eequency was determined using the number of plots 

or quadrats in which the species was present, and expressed as a percentage of the total 

number of plots or quadrats. 

For the ground stratum, moss component results include the cover contributed by 

both live and dead or dried out individuals of a species. The dead or dried out individuals 

were included because although they may not contribute to the diversity of the site as a 

living entity, they still provide ground cover to prevent soi1 moisture loss, and they still 

act as seedbed material. 

Sources used for vegetation nomenclature were Gray's Manual of Botany (Fernald 

1950), Mosses with a hand-lens (Grout 1947), and The Lichens (Hale 1969). Field 

guides used for species identification were Forest Plants of Northeastem Ontario (Legasy 

1995), Shrubs of Ontario (Soper and Heimburger 1994), Grasses, an identification guide 

(Brown 1979), and The Elfin World of Mosses and Liverworts (Glime 1993). 



Soi1 sam~linq 

Three soil pits were dug at each site. The soi1 profile was described using the 

methodology described in the Field Guide to Forest Ecosystems of Northeastem Ontario 

(McCarthy et al. 1994). Depth to C horizon was recorded, Samples fiom each horizon 

were taken to determine texture, pH, and organic content (for upper horizons). Bulk 

density samples were taken from the O- 1 Ocm, 10-20cm, and 20-30cm depths within the 

pit. Location and type of grave1 and rocks, as well as location and size of roots were 

noted for each pit. 

The litter layer of the site was specifically sampled in a 30cm by 30cm area 

located adjacent to the soil pit using the techniques of Tenhagen et al. (1996). Separate 

thickness measurements for the litter (L), fermentation (F), and humus (H) horizons were 

recorded for the four corners of the cleared area. Litter samples were removed, bagged in 

plastic and placed in cool storage d l  organic content could be analyzed. 

Al1 sites were sampled in July and August of 1997. 

Data Analvsis 

Whereas the main objective of this study was to determine the effect of different 

disturbance types on vegetative recovery, it also gave the opportunity to examine how 

resdts could be affected by different degrees of summary. To achieve this, data were 

compared at three 'summary' levels: 

1. Stand or overall level - al1 species pooled to form one data set for the site. 

2. Stratum level - separate values calculated for the tree stratum, the shmb 

stratum and the ground stratum of a stand. 

3. Ground stratum components - separate values calculated for five components: 

herbaceous species (herbs, fems and fem allies), low shmb species, 

moss and livenvort species, graminoid species, and seedling species. 



Three community characteristics were examined at each of the sumnzary levels: 

1. Species richness - the number of dBerent species present 

2, Species diversity - an index of variety and relative abundance 

3. Species composition - an inventory of which species were present. 

The Shannon index of diversity (H') was used for this study. It was chosen over other 

other diversity indices because it gives greater weight to rare species and therefore would 

give an estimate of diversity that would account for more of the species present in the 

comunity than would an index that gives greater weight to the dominant species 

(Magurran 1988). 

H' = - Cp jhpi 

where pi = I.V. for species i 
total I.V. for stratum or component 

where I.V. = Importance Value = (relative cover + reIative fiequency) t 2 

or I.V. = (relative cover + relative fkequency + relative density) + 3 

Statistical Analysis 

Multiple, one sample Komogorov-Smirnov tests for normdity indicated that 

species richness and species diversity data did not have a normal distribution. The use of 

non-parametric statisticd analysis was advised (Beckett, pers. comm.). 

Kruskal Wallis non-pararnetric oneway analysis of variance tests were used to 

determine significant differences between comparison sets for species richness and 

species diversity. The Nemenyi method, which is a multiple comparison test modified 

for non-parametric methods, was subsequently used to detennine where differences 

existed in the cases of three site cornparisons (Zar 1984). 



Study results wili be presented in four sections: 

1. Cornparison of clear-cut or wildnle disturbed stands of a specific age. 

LI. Cornparison of different aged clear-cut logging disturbed stands. 

III. Cornparison of different aged wildfire disturbed stands. 

N. Cornparison of artificiaily and naturally regenerated stands of similar 

disturbance type. 

Within each section, the results that deal both with species richness (number of 

species present, sp#) and with species diversity (Shannon index of diversity, H') will be 

presented first. These are the numeric cornmunity characteristics. Results dealing with 

descriptive communïty characteristics, the species composition results, will be presented 

second. Use of these three community chôracteristics (richness, diversity, and 

composition) provides an opportunity to examine how results could be affected by the use 

of different diversity measures or stand characteristics. A progressive division of the 

stand into its different strata will be used to examine how results are affected by the use 

of different sized groupings of species. The use of the different sized groupings produce 

numeric community characteristics that range fiom a general, overall view of the stand to 

the specific vertical structure distinctions within the stand. Cornparisons are first made 

using a sumniary value that accounts for al1 the vegetation species in the stand fiom both 

the overstory and the understory. Then the tree, s h b  and ground strata are compared 

separately. The final subdivision looks at the five components of the ground stratum: 



herbaceous, low s h b ,  graminoid, moss and seedling. Results dealing with the ground 

stratum components are always presented in the order as listed. Species lists, with 

importance values and percent cover d u e s  are found in Appendix B. 

1. COMPARISON of CLEAR-CUT or WILDFIRE DISTURBED STANDS of a 

SPECIFIC AGE 

Species richness and diversity 

Site sunimar~: Overall species richness (spff) was signifïcantly higher (P< 0.01) at the 

wildfke (B) sites than at the clear-cut (C) sites for 5A (19% more species), 15A (20% 

more species), and 30N (41 % more species) (Tables 3, 5, and 6). In contrast for the 5N 

pair, richness was significantly higher at the logged site (14% more species) (Table 4). 

Species diversity (H') was significantly higher at the wildfire site for 1SA (CH 3.58, BH' 

4-43), and 30N (CH' 3.93, BH' 5.36), whereas at SN diversity was higher at the logged 

site (CH' 4.59, BH' 3.71). There was no difference between the SA sites. 

Stratum: Though an overstory had not yet developed at the 5 year wildfire sites, tree 

stratum comparison results were obtained by comparing the tree species fiom the logged 

sites with the tree species present in the s h b  straturn (saplings) fkom the wildfire sites. 

For the SA set, the wildfire site had the higher species richness (50% more species), but 

there was no difference in diversity. For the 5N comparison set there was no difference 

between sites for either species richness or diversity. There was no difference between 

sites for tree stratum species Rchness at either the 15A and 30N comparison sets, but 

diversity was significantly higher at the wildfire sites (1 5A CH' 0.17, BH' 0.8 1 and 30N 

CH' 0.86, BH' 1 -34). Shrub stratum richness was significantly higher at the wildfire site 



Table 3. Cornparison of species richness and diversity between clear-eut (C) or 
wildfire (B) disturbed jackpine stands 5y after disturbance and artincial 
regenerationa. 
a) Coefficient of variation (%) values are in brackets. 
Values in bold are simiificantly different @<0.01) 

Species richness Species diversity 

Site 
summaryb 

tree strataC 

shrub stratad 

ground strata" 

herbaceous 
component 

low shrub 
component 

grarnïno id 
component 

moss 
component 

tree seedling 
component (71 -3) (42 -7) (42 .O) (40.1) 

1- constmcted fkom tree species present in shrub stratum 

b) Al1 species fiom al1 stata in stand summarized to one value. 
c) Tree data fiom 10m by 10m plot. There were ten plots per site. 
d) Shmb data fkom a 2m by 5m quadrat nested within tree plot, 
e) Ground stratum data fiom ten adjacent lm by lm quadrats nested within tree plot. 



Table 4. Cornparison of species richness and diversity between clearcut (C) 
or wildfîre (B) disturbed jackpine forest stands 5yr after disturbance and natural 
regenerationa. 
a) Coefficient of variation (%) vahes are in brackets. 
Values in bold are s i ~ c a n t l y  different (P<0.01) 

Species ricbness Species diversity 

site silmmary 

tree strata 

shrub strata 

ground strata 

herbaceous 
component 

low shrub 
component 

graminoid 
component 

moss 
component 

tree seedling 
component (47.1) (55.5) (107) (57.8) 

'j- constructed fi-om tree species present in s h b  stratum 



Table 5. Cornparison of species ricbness and diversity between clearcut (C) 
or wildfme (B) disturbed jackpine forest stands 15yr after disturbance and artif~cial 
regenerationa. 
a) Coefficient of variation (%) values are in brackets. 
Values in bold are significdy different (PC0.0 1) 

Species ricbness Species diversity 

site summary 

tree strata 

shrub strata 

ground strata 

herbaceous 
component 

low shrub 
component 

graminoid 
component 

moss 
cornponent 

tree seedling 
cornponent (1 17) (55.1) (73 -2) (58.4) 



Table 6. Cornparison of species richness and diversity between clearcut (C) 
or wildfire (B) disturbed jackpine forest stands 30yr after disturbance and naturai 
regerieration", 
a) Coefficient of variation (Oh) values are in brackets. 
Values in bold are signîfïcantly different (P<0.01) 

Species richness Species diversity 

site summary 

tree strata 

shmb strata 

ground strata 

herbaceous 
component 

low s h b  
component 

grarninoid 
component 

rnoss 
component 

tree seedling 
component 

for 5A (67% more species at the wildfie site) and 5N (50% more species). 

Species diversity was significdy higher at the wildfire site for 5A, whereas at 

5N it was only slightly higher. There was no significant differences between the 15y sites. 

There was no signïfïcant difference between the 30N sites for s h b  stratum richness, but 

diversity was signincantly higher at the wildfire site (CH' 1.00, B H' 1.48). Ground 

strahun rkhness was significantly higher at the wildfire site for 5A (25% more species), 



15A (26% more species) and 30N (40% more species). There was no difference in 

ground stratum diversity for 5A and 1 5A, whereas for 3 ON diversity was significantly 

higher at the wildfïre site (CH' 2.07, BH' 2.54). No significant differences were found for 

either richness or diversity between the SN sites. 

Ground stratum com~onents: Herbaceous component richness and diversity were higher 

at the wildfire site for 15A (55% more species; CH' 0.98, BH' 1.78) and 30N (70% more 

species; CH' 0.39, BH' 1.44). No difference between sites was seen at 5N. For the 5A set 

species richness was higher at the wildfire site (27% more species), whereas diversity 

values were not significantly diffèrent. 

No differences in low shmb nchness and diversity were seen for any of the 

cornparison sets. 

There were no differences in graminoid component richness and diversity for SN, 

15A, or 30N. For 5A, graminoid richness and diversity were higher at the wildfire site 

(75% more species; CH' 0.09, BH' 1 .IO). 

Moss component species nchness and diversity were higher at the logged site for 

SA (50% more species; CH' 1.33, BH' 0.69) and SN (50% more species CH' 1.57, BH' 

0.90). There was no difference between sites for 15A. For the 30N set no difference was 

found for richness, but diversity was higher at the wildfire site (CH' 0.93, BH' 1.48). 

There were no diReremes in seedling component species richness for any of the 

sites. Seedling diversity was higher at the wildfire sites for 5A (CH' 0.56, BH' 1.04) and 

SN (CH' 0.38, BH' 0.93). No differences in diversity were found for 15A or 30N. 



Summary: Wildfire disturbed sites tended to have higher species richness and diversity 

than the clear-cut disturbed sites for total site, tree, shrub and ground strata. If the 

wildfire site did not have the higher values then there was no significant difference 

between sites with the exception of 5N, where higher values were found at the Iogged site 

for total site diversity and richness. For the individual ground stratum components, there 

tended to be few differences between disturbance types. If however, there was a 

difference then the wildfire sites had the higher values except for 5A and 5N moss 

components were the Iogged sites had the higher values. 

Species composition 

Cornparison of the 5 year old artificiallv reaenerated, clear-cut or wildfxe sites (5A) 

Due to the absence of an overstory at the 5 year wildfire site, tree and shmb strata 

were combined to allow for cornparison of trees and tree saplings. Most of the tree 

stratum species of the logged site (70%) were present also in the shrub stratum of the 

wildfire site (Appendices B.1, B.3). Species present at both sites (common species) were 

jack pine, trembling aspen, pin cherry, willow sp., and white birch. The other species had 

a family equivalent at either site: black spruce at 5C; white spruce at 5B. 

Of the common species found at the logged site, jack pine was the only species 

with representatives in the tree, sapling and seedling forms. Trembling aspen was present 

as trees and saplings; white birch as (dead) trees and seedlings; and cherry only as trees. 

The other tree species of note at this site was black spruce, which was present as both 

trees and seedlings. 



At the wildfire site, jack pine, and white birch were present as saplings and 

seedlings, whereas trembling aspen and cherry were present only as saplings. Other 

potential tree species present at the wildfire site as saplings and seedlings were white 

spruce and larch. Red maple was present, but only as saplings. Red pine was also 

present but only as seedlings. 

For the ground stratum, common species represented approximately 60% of the 

total species at each site (Table 7). For the ground component, species with a higher 

Importance Value (I.V.) at the sites were also the most common, Bracken fern, 

bunchberry, Canada mayflower, large leaf aster, and false sarsaparilla were the higher 

I.V. herbaceous species at the harvested site, whereas bracken fern, bunchberry, 

goldenrod, bluebead My, and large leaf aster were the higher T.V. herbaceous species at 

the wildfire site. Exclusive species that accounted for approximately 35% of the total 

herbaceous species at the sites were usually of middle to low ranking in terms of 

importance to the site. 

Low shrub species present at both sites were northem bush honeysuckle, 

raspberry, velvet leaf bluebeny, low sweet bheberry, skunkcurrant, and twinflower. The 

low shrub component at the harvested site was dominated by honeysuckle, blueberry, and 

raspberry. At the wildfire site raspberry, honeysuckle, skunkcurrant and velvet Ieaf 

blueberry were the dominant species. 

The graminoid component at both siies consisted of sedge sp. and Canada 

bluejoint. The moss component at each site had two common species and two exclusive 

species. At the harvested site dried Polytrichum commune and dried Pleurozium 

Schreberi were the main species and there was also Dicranum polysetum, D. montana, 



Table 7. Common and exclusive ground stratum species for the 5 year old 
clear-cut logghg or wildfire disturbed and artincial regeneration cornparison set. 
Species cornrnon to 5CA 5BA Species exclusive to Species exclusive to 
SCA and 5BA 
herbaceous component 
brac kenfem 
bunchberry 
Canada mayflower 
large leaf aster 
go ldenrod 
kidney leaf violet 
bluebead lily 
ground pine 
naked mitrewort 
spinulose woodfern 
running clubmoss 

low shrub component 
bush honeysuckle 
raspberv 
velvet leaf blueberry 
low sweet biueberry 
skunkcurrant 
twinflower 

graminoid component 
Carex sp. 
Canada bluejoint 

moss component 
Poiytrichurn commzlne 
Pohlrà mtans 

seedling component 
alder seedling 
servicebeny seedling 
white birch seedling 
jack pine seedling 
willow seedlinn 

24 false sarsaparilla 7 fnnged bindweed 
20 shining clubmoss 2 goldthread 

3 cow wheat 2 bristly sarsaparilla 
9 fringed polygala 2 starfTower 

1 1 fragrant bedstraw 1 fireweed 
2 orange hawkweed 1 pearly everlasting 

10 ox-eye daisy 1 rose twisted stak 
3 
1 
2 
1 

37 26 northem wiid rose 
18 32 sheep laure1 
I I  145 
18 8 
6 16 
8 1 

1 creeping snowberry 
1 trailing arbutus 

spreading dogbane 

Deschampsia sp. 
Scirpus sp. 

54 64 Pleurozium Schreberi 20 Sphagnum sp. 
3 3 1 Dicranum poiysetum 7 Mnium sp. 

Dicranunz montana 7 

34 30 black spruce seedling 4 white spruce seedling 
34 1 maple seedling 4 larch seedluig 
4 35 red pine seedling 

17 14 
<1 1 

a) Importance Value (I.V.) calculated within component 



and dried PohZia nutans. At the wildfire site Polytrichum commune and Pohlia nutans 

were the main species and there was also Sphagnum and Mnium sp. present. 

Cornparison of the 5 vear old naturallv re~enerated clear-cut or wildfire sites (SN) 

For these sites, tree and shmb strata were combined to allow for cornparison of 

trees aud tree saplings. Al1 of the tree species found at the logged site were found in the 

shmb stratum at the wildfîre site (Appendices B.2, B.4). These were jack pine, trembhg 

aspen, pin cherry, white birch, and green alder. Sapling trees fomd at 5B but not at SC 

were red maple, white spruce, and large tooth aspen. Sapling tree species fomd at 5C but 

not at SB were balsam fir and black spmce. 

At the logged site, jack pine, trembling aspen and green alder were present as 

trees, saplings and seedlings, whereas pin cherry and white birch were found only as trees 

and saplings. Black spruce had shnib and seedling representatives, whereas balsam fir 

was only present in sapling form. 

At the wildfire site, jack pine, trembling aspen, white birch, green alder, red 

maple, and pin cherry were represented as saplings and seedlings, whereas white spruce 

and large tooth aspen were found oniy as saplings. 

In the ground stratum there were twelve herbaceous species present at both sites 

and these accounted for 75% of the total species at the harvested site and 71% of the total 

species at the wildfire site (Table 8). The herbaceous species with higher I.V. at the 

harvested site were bracken fern, bunchberry, Canada mayflower, fdse sarsaparilla, and 

large leaf aster. The herbaceous species with higher I.V. at the wildfire site were bracken 

fem, large leaf aster, bunchberry, and false sarsaparilla. Common low shmb species were 



Table 8. Common and exclusive ground stratum species for the 5 year old 
clear-cut Iogging or wildfire disturbed and natural regeneration cornparison set. 
Species common to 
5CN and 5BN 
herbaceous component 
bracken fern 
bunchberry 
Canada mayflower 
false sarsaparilla 
large leaf aster 
fireweed 
kidney leafviolet 
fiinged bindweed 
running clubmoss 
goldthread 
fi-inged polygda 
naked mitrewort 

low shrub component 
bush honeysuckle 
low sweet blueberry 
velvet leaf blueberry 
raspberry 
s kunkcurrant 
twinflower 
trailing arbutus 

graminoid component 
Carex sp. 

moss component 
Polytrichum commzrne 
Pohlia nutans 
Dicranum montana 

seedling component 
green alder seedling 
jack pine seedling 
beaked hazel seedling 
trembling aspen seedling 

Spedes exclusive to 

cow wheat 
fiagrant bedstraw 
meadowsweet 
pearly everlasting 

labrador tea 

Canada bluejoint 
Deschampsia sp. 

Dicranum po lyseturn 
Drepanocladus sp. 
Pleuroziurn Schreberi 
Lophocolea heteropkylki 
Lepidozia reptans 
Mniurn sp. 
Tetraphis pellucida 
Ptilium crista-castremis 
Hylocomium splendens 

black spruce seedling 

Species exclusive to 
I.V. 5BN - 

I bluebead lily 9 
1 ground pine 4 
1 bristly sarsaparilIa 1 
1 starflower 1 

3 sweetfem 
sweet gale 
spreading dogbane 

28 Sphagnum sp. 
7 
8 
5 
2 
2 
1 
1 
1 

6 maple seedling 38 
speckted alder seedling 15 
dwarf birch seedling I 
pin cherry seedling I 
white birch seedling 1 

a) Importance Value U.V.) calcuiated within component 



northern bush honeysuckle, low sweet blueberry, velvet leaf blueberry, raspberry, 

skunkcurrant, lwhfiower, and trailing arbutus. At both sites honeysuckle and the two 

blueberry species had the higher importance values. Labrador tea was exclusive to the 

harvested site. Sweetfern, sweet gale, and spreading dogbane were exclusive to the 

wildfire site. 

Sedge sp. was the gramhoid component species cornmon to both sites and was 

the only species present at the wildfire site. Canada bluejoint and Deschampsia sp. were 

also growing at the logged site. For the moss component, common species accounted for 

44% of the species at the harvested site and 80% of the species at the wildfire site. 

Com~arison of the 15 year old artificially regenerated clear-cut or wildfire sites (1 5A) 

Jack pine and trembling aspen were the tree species present at both the clear-cut 

and wildfire sites (Appendices B.5, B.6). The other tree species present at the logged site 

was black spruce. White birch and cherry were the other tree species present at the 

wildfire site. 

Of the tree species common to both sites, jack pine was present as trees, saplings 

and seedlings at the logged site, and as trees and saplings at the wildfire site. Trembling 

aspen was present as trees and saplings at the logged site, and as trees, saplings and 

seedlings at the wildfire site. The black spruce of the logged site was present at the tree, 

shrub and seedling stage. Though not present in the tree stranim, black spnice was 

present at the wildfire site as seedlings. The white birch of the wildfire site was present 

ody  as trees. Pin cherry, on the other hand, was present as trees, saplings and seedlings. 



In terms of tree recruitment, both sites had balsam £ïr (saplings in 15C, seedlings in L5B), 

white spruce (seedlings at both sites), and willow (saplings and seedlings, at both sites). 

In the s h b  stratum, common species account for 75% of the tota.1 species at the 

15y logged site and 67% of the total species at the 15y wildfire site. Exclusive shmb 

species at the logged site included two coniferous species (black spruce, balsarn fir) and 

one hardwood (red osier dogwood). The exclusive shrub species at the wiidfire site were 

both hardwoods (beaked hazel and mountain ash). 

Ground stratum species present at both sites (cornmon) accounted for 66% of the 

species at the logged site and 58% of the species at the wildfire site (Table 9). Common 

species in the herbaceous component accounted for 80% of total species at the harvested 

site and 60% of the total species at the wildfhe site. Herbaceous species with the higher 

I.V. at the harvested site were large leaf aster, Canada mayflower, bunchberry and kidney 

leaf violet, ail of which are common to both sites. Herbaceous species with the higher 

I.V. at the wildfire site were large leaf aster, bunchberry, bluebead liIy and Canada 

mayflower, with blue bead lily being exclusive to the wildfire site. 

Low s h b  species present at both sites were sheep laurel, velvet leaf blueberry, 

low sweet bluebeny, trailing arbutus, twinflower, and sweetfern. Sheep laurel, the two 

bluebemes and trailing arbutus had the higher 1.V. at the clear-cut site. Honeysuckle, the 

two bluebemes and sheep laurel had the higher I.V. at the wildfire site. There were four 

low shnib species were exclusive to the harvested site and one species exclusive to the 

wildfke site. 

Canada bluejoint, beaked sedge and Deschampsia sp. were the graminoid species 

present at both sites and the only species found at 15CA. The other species found at 



Table 9. Common and exclusive ground stratum species for the 15 year otd 
clear-cut logging or wildfire disturbed and armcial regeneration comparison set. 
Species common to ISCA ISBA S~ecies exclusive to S~ecies exclusive to 
1 5 ~ ~  and ISBA 
herbaceous component 
large leaf aster 
bunchberry 
Canada mayflower 
kidney leaf violet 
cow wheat 
fringed polygaIa 
goldthread 
goldenrod 
orange hawkweed 
pearly everiasting 
starflower 

low shrub component 
sheep laure1 
low sweet bluebeny 
velvet leaf bluebeny 
trailing arbutus 
bush honeysuckle 
sweetfem 
twinflower 

graminoid component 
Deschampsia sp. 
beaked sedge 
Canada bluejoint 

moss component 
Polytrichum commune 
Pleurozium Schreberi 
Dicranum polysetum 
Polytrichum juniperinum 
Dicranum montana 

seedling component 
black spruce seedling 
sewiceberry seedhg 
white spruce seedling 
willow seedling 

I.V. ISBA --  

ground cedar 2 bluebead liIy 
pink lady slipper 2 bracken fern 
m i n g  clubmoss 2 false sarsaparilla 

ground pine 
fireweed 
ox-eye daisy 
king devil 

labrador tea 6 wild red raspberry 
northern wild rose 3 
wintergreen 1 
red osier dogwood (1 

poverty grass 

Lepidozia reptans 9 Pohlia nutans 
Ptilium crista-castrensis 2 Drepanocladus sp. 

jack pine seedling 19 alder seedling 
cherry seedling 
beaked hazel seedling 
balsam fu seedling 
trembling aspen seedling L 

a) Importance Value (i.V.) caiculated within component 



15BA was poverty grass. The moss component of the wildfke site was composed 

mainly of Polyh.ichum commune and Pleurozium Schreberi. At the harvested site 

Dicranum polysetum, Polytrichum commune and Pleurozium Schreberi were the higher 

I.V. species. 

Comparison of the 30 vear old, natural regeneration clear-cut or wildfire sites (30N) 

Tree stratum species present at both the 30 year clear-cut and 30 year wildfire 

sites were jack pine, trembling aspen, black spruce, white spuce, and willow (Appendices 

B.8, B.9). White birch, cherry and balsam fi were exclusive to the wildfire site. The 

clear-cut site was black spruce and jack pine dominant whereas the wildfire site was jack 

pine and white birch dominant. Jack pine and black spruce were present as trees, saplings 

and seedlings at the logged site. Trembling aspen, white spruce, and willow were present 

as trees and saplings. At the wildfire site, black spruce, white birch, balsam fi, white 

spruce, and willow had representatives in al1 three forms. Jack pine and trembling aspen 

were present ody as trees. 

The common s h b  stratum species were black spruce, white spruce, green alder, 

willow, and choke cherry. These species represented approximately 40% of the shrub 

stratum species at the logged site, and 60% of the species at the wildfire site. Exciusive 

species at the logged site were a mix of hardwoods (trembling aspen) and softwoods (jack 

pine and red pine). At the wildfire site they were predorninantly hardwoods 

(serviceberry , beaked hazel, white birch, mountain ash, mountain maple, and pin cherry) 

with balsam fir. 



For the ground stratuxn, common species accounted for approximately 

80% of the total species at the logged site, and 50% of the species at the wildfire site 

(Table 10). Exclusive species in the herbaceous and seedling components weighted most 

of this difference. 

At the logged site the only herbaceous species were cow wheat, bunchberry, 

Canada mayflower, ninning clubmoss, and bracken fern. At the wildfire site, exclusive 

species accounted for 85% of the total species of the herbaceous componeEt. The higher 

T.V. species were bunchberry, biuebead lily, Canada mayflower, large leaf aster, and false 

sarsaparilla. Low shrub species common to the two sites were the only ones found at the 

harvested site. Low sweet bluebemy, sheep laurel, sweetfern, velvet leaf blueberry and 

wintergreen were the low shrub species with the higher 1.V. ranking at the harvested site. 

Low sweet blueberry, honeysuckle, sheep laurel and velvet leafblueberry were the higher 

I.V. species at the wildfire site. Both sites had Carex sp. and Canada bluejoint as the 

graminoid component. 

Common moss species were Pleurozium Schreberi, Dicranum polysetum, 

Polytrichum commune, Dicranum montana, Ptilium crista-castrensis, Lophocolea 

heterophyZZa, and DrepanocZudus sp. These species accounted for 88% of the total moss 

species at the harvested site, and for 70% of total moss species at the wildfire site. 

Pleurozium Schreberi and Dicranurn polysetum were the more important species at both 

sites. 



Table 10. Comrnon and exclusive ground stratum species for the 30 year old 
clear-cut lagging or wildfire disturbed and natural regeneration cornparison set. 
Species cornmon to 30CN 30BN Species exchive  to Suecies exclusive to 

- 

30CN and 30BN - I.V.* --  I.V. 36CN --  1.V- 30BN 
herbaceous component 
bunchberry 30 14 cow wheat 42 bluebead lily 
Canada mayflower 13 18 bracken fern 3 large leaf aster 
running clubmoss 11 3 false sarsaparilIa 

goldthread 
ground pine 
starflower 
fiinged poIygala 
naked mitrewort 

I.V. - 

orange hawkweed I 
shinig clubrnoss 1 

IOW shrub composent 

low sweet blueberry 
sheep laure1 
velvet leaf blueberry 
sweetfern 
wintergreen 
bush honeysuckle 
trailing arbutus 
northern wild rose 
labrador tea 
twinflower 

graminoid component 
Carex sp. 
Canada bluejoint 

moss component 
Pleurozium Schreberi 
Dicranum poiysetum 
Polytricztm commune 
Lophoco fea 
heterophyh 
Dicranum montana 
Ptilizrm crista-castremis 
Drepanocladus sp. 

seedling component 
green alder seedIing 
black spmce seedling 

79 Deschampsia s p. 14 
SI 

33 Lepidozia reptans 1 
26 
I I  
5 

20 cherry seedIing 33 
3 jack pine seedling 33 

creeping snowberry 2 
s kunkcurrant 1 
wild red raspberry 1 

Mnium sp. 1 
Polytrichum juniperinunz 1 
Teb-aphis pe fluciaà 1 

white birch seedling 16 
balsarn fir seedling 12 - 

maple seedling 7 
white spmce seedling 6 
willow seedling 

- 
3 

a) Importance Value (i.V.) calculated within component 



Summarv: Common tree species at the younger sites were jack pine, trembling aspen, 

white birch and pin cherry. These tended to be the only species present at the logged site, 

whereas the wildfire site also had other species such as red maple and mountain ash 

present. Common tree species at the 15y and 3Oy sites were jack pine and trembling 

aspen. Tree species exclusive to the older logged sites tended to be softwoods, whereas 

those exclusive to the older wildfire sites tended to be hardwoods. If a tree species was 

present in mature form at a site, there was also some form of regeneration. The 

exceptions to this were jack pine and trernbling aspen at the 30 year bum site, white birch 

at the 15 year logged site, pin cherry at 5CA and SBA. 

In the ground stratum, species common to both sites accounted for 60 to 80% of 

the total species at the logged sites and 50 to 60% of the species at the wildfire sites. The 

conmon species were usually the more important species at the sites. Trends for the 

ground stratum were usually determined by the trends of the herbaceous component. 

n. VEGETATION RECOVERY AND CHANGE AT CLEAR-CUT LOGGING 

DISTURBED STANDS 

CLEAR-CUT LOGGING DISTURBED AND ARTIF'ICIALLY REGENERATED 

STANDS 

Jack pine stands that were clear-cut logged and artificially regenerated 5, 15 and 

30 years ago were compared to determine if species richness, diversity and composition 

varied with stand age. 



S pecies richness and diversity 

Site summarv: Total species nchness (sp#) and species diversity (H) were not 

significantly different for the 5 year and 15 year sites (sp# around 25, and H' 

approximately 3.65). Both of these sites had signincantly higher richness and diversity 

than the 30 year site (sp# 19, H' 2.67) (Appendix C .  1). 

Stratum: This trend did not persist when the tree, shrub and ground strata were examined 

separately. There was no significant difference between the three sites for tree species 

richness. Tree stratum species diversity was significantly higher at the 5y site (0.96) than 

at the 15y (0.17) or 30y (0.22) sites, which were not significantly différent fiom each 

other (Figure 3). 

There was no significant difference between sites for shrub stratum species 

richness (either 2 or 4 species). S h b  stratum diversity was significantly higher at the 

15y site (0.85) than at the 5y (0.26) or 30y (0.18) sites, which were not significantly 

different from each other. 

Ground stratum species richness was significantly higher at the 5y site than at the 

30y site (25% more species), but there was no significant difference between the 15y and 

30y sites. There was no significant difference between any of the sites for ground stratum 

species diversity. 

Ground stratum components: For the ground stratum components, a fiequently noted 

trend was that of not significantly different values at the 5y, 15y and 30y (seen for low 

shrub, moss and seedling richness and diversity, and graminoid richness). Herbaceous 

component species nchness and diversity were higher at the 5y site than at the 15y or 30y 

sites which were not signincantly different fiom one another. Graminoid diversity was 



I TREESTRATUM SHRUBSTRA'TUM GROUNDSTRATUM 

SP# H' SP# H' SP# H' SP# Hm SP# H' 
HERBACEOUS LOW SHRUB GRAMINOID MOSS SEEDLING 

FIGURE 3. Cornparison of species richness (sp#) and diversity (£3') at the 5,  15 
and 30 year artifkially regenerated, clear-cut logged sites. 
(A) Tree, shmb and ground stratum; (B) Herbaceous, low shrub, graminoid, moss, 
and tree seedling components of the ground strata. 

Bars with different lower case letters denote the presence of a significant difference 
between sites (Pc0.01 based on Nerneny test). 
Bars with the sarne lowercase letter, or without a lowercase letter were not significantly 
different. 



signi.ticantIy higher at the 15y site (0.60) than at the 5y site (0.09) but there was no 

significant difference between the 5y and 30y sites or the 15y and 30y sites. 

Summarv: There was no significant difference between sites for tree and shmb stratum 

species nchness, or ground stratum diversity. The 5 yeax site had higher tree stratum 

diversity and ground stratum richness. The 15 year site had the highest shrub stratum 

diversity. There was no significant difference between sites for low shnib, moss and 

seedling component richness and diversity, or for grarninoid richness. The 5 year site had 

higher herbaceous richness and diversity. Graminoid diversity was higher at 15 years 

than at 5 years, but neither were different fiom the 30 year site. 

There was the trend, albeit non-significaut, for species richness and diversity to be 

highest at the 5y sites, intermediate at the 15y sites and lowest at the 30y sites. Notable 

exceptions were species richness for the shrub strahim and grarninoid component, and 

species richness and diversity for the low shmb component where the 15y site had the 

highest values. 

Species composition 

The tree species common to dl three sites (and the only tree species found at the 

15 year site), were jack pine, trembling aspen, and black spruce. The 5 year stand 

contained three tree species not found at either of the other sites of tliis set; pin cherry, 

white birch and green aider. Though the 15 year and 30 year sites had similar species 

richness and diversity, the 15 year site tree density was twice that of the 30 year site. 



Compared to the 15 year site, the 5 year site had higher species nchness and diversity but 

was overall a less dense stand (tree stratum density values found in Appendix B). 

Exarnining which tree species were currenîly present and whether they were found 

as trees, saplings, or seedlings can be used to suggest fuhue forest stand composition. 

Overstory composition, both present and future are best represented in table form: 

Table 11: Present and future overstory species composition (tree T, sapling 1, and 
seedling S) for the artificially rege 

1 tree species 
jack pine 
trembling 
aspen 
black spruce 
wiliow 
pin cherry 
white birch 
white spruce 
balsam fi 

nerated, Sy, 1 Sy, and 3 0y clear-cut sites. 

Mature and immature forrns of al1 the common tree species were found at the 5y 

and 15y sites, whereas at the 30y site jack pine and trembling aspen were present only as 

trees. Future tree species present in the 15y and 30y understory, but not at the 5y site 

were white spruce and baisam fr. 

Green alder and serviceberry were the s h b  stratum species common to ail three 

sites (Appendices B.1, B.5, B.7). Cornmon to the 5 year and 15 year sites were jack pine, 

and trembling aspen. Al1 the shmb species found at the 30 year site were present at the 

25 year site. Shrub species found at the 15 year site but not at the 30 year site were pin 

cherry, jack pine, trembling aspen, and red osier dogwood. 



There were eighteen species cornmon to the ground stratum at al1 three sites 

(Table 12). These common species accounted for approximately 50% of the total species 

found at the 5 year and 15 year sites and approximately 60% of the species found at the 

30 year site. Common species in the herbaceous component were sirnilar in importance 

at each site. Goldenrod and running club moss were comrnon to the 5 year and 15 year 

sites. Goldthread and starflower were cornrnon to the 15 year and 30 year sites. The 5 

year site had eight exclusive herbaceous species and the 15 year site had three exclusive 

species (Table 13). There were five low shmb species common to the three sites: 

northern bush honeysuckle, velvet leaf blueberry, twinflower, sheep laurel and northern 

wild rose (Table 12). Common species were of different importance at each site, but with 

some overlap. The 5 year site was honeysuckle and blueberry dominant; the 15 year site 

was sheep laurel and blueberry dominant; and the 30 year site was sheep laurel and 

twinflower dominant. Low sweet blueberry kvas common to the 5 and 15 year sites. 

Trailing arbutus, labrador tea, and sweetfern were cornrnon to the 15 and 30 year sites. 

The 5 year site and the 15 year site each had two exclusive species (Table 13). 

Al1 three sites had beaked sedge and Canada bluejoint present in the graminoid 

component. The 15y and 30y sites also had Deschampsia sp. present, and it was the 

dominant species for those sites. Beaked sedge was the dominant species at the 5y site. 

There were no graminoid species exclusive to any one site. 

The moss component species cornmon to the three sites were Polytrichum 

commune, Pleurozium Schreberi, Dicranum polysetum and D. montma. Polytrichum (in 

dried up fom) had the higher importance values (I.V.) for moss at the 5 year site. 

Polytrichum and Dicranum had the higher I.V. at the 15 year site. Pleurozium had the 



Table 12. Common ground stratum species for the logging disturbed and artificially regenerated cornparison set. 
Species common to 5y 15y 30y Species common to 5y 15y Species common to 15y 30y Species common to 5v 30v 

- 
P a) Importance Value (IV) calculated within component a? 

al1 sites 
herbaceous component 
bunchbeny 
large leaf aster 
Canada mayflower 
kidney leaf violet 
cow wheat 
fringed polygala 
orange hawkweed 

low shrub component 
bush honeysuckle 
velvet leaf blueberry 
sheeplaurel 
twinflower 
northern wild rose 

graminoid component 
beaked sedge 
Canada bluejoint 

moss component 
Pleurozium Schreberi 
Polytricirrrni conrnirrne 
Dicraniîm polysettr)n 
Dicranum nionlana 

seedling component 
serviceberry seedling 
black spruce seedling 
willow sp. seedling 

IV" - 

19 
14 
18 
3 
2 
2 
1 

36 
11 
2 
8 
2 

73 
27 

15 
54 

7 
7 

3 4 
4 
1 

IV 5CA and 15CA - IV fi 15CA and 3OCA - 
44 goldenrod 4 3 goldtliread 3 2 ground pine 1 4  
11 running clubmoss 2 2 starflower 2 6 
13 
6 
4 
2 
6 

7 low sweet blueberry 18 18 trailing arbutus 
1 O labrador tea 
43 sweetfem 
15 
4 

10 jack pine seedling 17 19 
19 
11 

Deschantpsia s p, 

Lepidozia reptans 

green alder seedling 34 61 



highest I.V. at the 30 year site. Lepidozia repîans and Polytrichum juniperinum were 

common to the 15 and 30 year sites. Pohlia nufans was found only at the five year site 

(mostly in a dried up form). Ptilizrm crisîa-castrensis was exclusive to the 15 year site. 

Table 13. Exclusive ground stratum species for the clear-cut logging disturbed 
and aracialiy regenerated cornparison set. 
Species exclusive to Species exclusive to Species exciusive to 
the 5 vear site 
herbaceous species 
bracken fern 
false sarsaparilla 
shining clubmoss 
naked mitrewort 
bluebead lily 
rragrant bedstraw 
epinulose woodfern 
ox-eye daisy 

low shmb species 
raspberry 
skunk currant 

moss species 
Pohlin nutans (dry) 

seedIing species 
maple seedling 
white birch seedling 4 

the 15 vear site - I.V. The 30 year site 

ground cedar 
pearly everlasting 
pink lady's slipper 

wintergreen 1 
red osier dogwood (1 

white spruce seedling 19 

Summarv: All clear-cut logged and artificially regenerated stands had a jack pine 

dominant overstory. Cornmon tree species were jack pine, trembling aspen, and black 

spruce. These species were found as mature and regenerating individuals at the 5y and 

15y sites. At the 30y site there were only mature jack pine and trembling aspen, whereas 

black spruce had mature and regenerating_individuals. The 15 year site had the highest 



tree density, but the lowest richness and diversity. Green alder and se~cebe r ry  were the 

shmb straturn species found at al1 three sites, 

Common species of the ground stratum accounted for 50% to 60% of the total 

species at the sites. Common species of the herbaceous component were of sirnilar 

importance at each site. Common low shrub species were of different importance at the 

sites. The 5y site was bush honeysuckle and blueberry dominant, the 15y site was sheep 

laurel and blueberry dominant, and the 30y site was sheep laurel and twinflower 

dominant. For the graminoid component, the 5y site was beaked sedge (common species) 

dominant, whereas the 15y and 30y sites were Deschampsia sp. (exclusive species) 

dominant- Common moss species accounted for 57% (15y) to 80% (5y) of the totai moss 

species at the sites. Dominant moss species were different for the three sites, but were 

fiom the common species list. 



CLEAR-CUT LOGGING DISTURBED AND NATURALLY REGENERATED 

STANDS 

The other set of clear-cut logging disturbed stands that were compared to 

determine whether species nchness, diversity and composition varied with stand age had 

been harvested and leR to regenerate naturally either 5 years or 30 years ago. No 

compatible stand of 1 5 years was identified. 

Species richness and diversity 

Site summarv: Cornparison between the sites using one total value showed the same 

trend as the artificidly regenerated set with the younger site (5 year) having significantly 

higher species nchness (35% more species) and diversity (5H' 4.59, 30H' 3.93) 

(Appendix C.2). 

Stratum: M e n  the tree, shrub and ground strata were examined separately, only the 

ground stratum had higher species richness and diversity at the younger site (38% more 

species; 5H' 2.63, 30H' 2.07) (Figure 4). Tree and shmb straturn richness and diversity 

were not significantly different at the 5 year and 30 year sites. 

Ground stratum components: For the ground stratum components there was either no 

difference between the sites, or values were signïficantly higher at the 5 year site 

(herbaceous species richness and diversity, moss diversity). There were 75% more 

species in the herbaceous component at the 5y site (H' 1 -6 1) than at the 30y site (H' 0.39). 

The trend was for richness and diversity to be higher at the 5yr site, although the 

difference was only significant for the ground stratum and only for the herbaceous layer 

and to a lesser extent the moss Iayer. There were no major exceptions to this trend. 
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Species composition 

Though there was no difference in species diversity or richness in the tree stratum, there 

was a notable difference in species composition (Appendices 8.2, B.8). The main 

difference uivolved black spruce, which was the CO-dominant tree species at the 30 year 

site (1 -5 trees/m2), but not even present at the 5 year site. Jack pine and trembling aspen 

were common to both sites, but at higher densities at the 5 year site, At the 5 year site 

jack pine density was 0. 17m-2 and trembling aspen density was 0.191n'~. At the 30 year 

site density values were 0.07m-2 for jack pine and 0.0 1 m-2 for trembling aspen. 

Overstory composition, both present and fiiture are best represented in table form: 

Table 14: Overstory species composition and regeneration for the naturally regenerated, 
5y and 30y clear-cut sites. 

trembling aspen 1 x x l x  x 

5CN 
tree species 
jack pine 

black spruce 1 x l x  x x 

30CN 

pin cherry 1 1 x x 

tree sapling Seedling 
x x x 

tree sapling seedling 
x x x 

The common and exclusive tree species at both sites also had immature or 

seedling representatives. 

There were five s h b  stratum species common to both sites, accounting for 60% 

of al1 shrub species at the 5 year site, and 75% of al1 s h b  species at the 30 year site. 

These species were green alder, trembling aspen, jack pine, black spruce, and willow. 

There were twenty-three species in the gound stratum that were comrnon to the 5 

year and 30 year sites (Table 15). These species accounted for 41% of the total at the 5 

willow 
white birch 
balsam fir 

X 

x x 
x 

X X 



Table 15. Common and exclusive ground stratum species for the logging dishirbed 
and natural regeneration cornparison set. 
Species common to 5CN 30CN Species exclusive to Suecies exclusive to 

I.V. the 5CN -- --  T.V. 30CN - I.V. the 5 and 30 year sites 
herbaceous component 
bunchberry 
Canada mayflower 
bracken fem 
ninning clubmoss 
cow wheat 

low shrub component 
Zow sweet bluebeny 
velvet leaf blueberry 
bush honeysuc kle 
trailing arbutus 
twinflower 
labrador tea 

graminoid component 
Canada bluejoint 
beaked sedge 
Deschampsia sp. 

moss component 
Polytrichum commune 
Dicranurn po lysetum 
Pleurozium Schreberi 
Dicranum monfana 
Lophocolea heterophylla 
Drepanocladus sp. 
Lepidozia reptans 
Ptiihm crista-castremis 

seelding component 
alder seedling 59 
jack pine seedling 15 

30 false sarsaparilla 
13 fiueweed 
3 fiagrant bedstraw 

I l  fikged bindweed 
42 fringed polygala 

goldthread 
Edney leaf violet 
meadowsweet 
naked mitrewort 
pearly everiastùig 
running clubmoss 

33 raspberry 
16 skunkcurrant 

1 
6 
1 
1 

9 Pohlia nutans 
16 Mnizcm sp, 
52 Tetrnphis pellucida 
4 mming clubmoss 
6 cow wheat 
1 
1 
1 

14 sheep laure[ 29 
7 sweetfem 24 

w in tergreen 17 
northem wild rose 5 

cherry sp. 44 

black spruce seedling 6 21 

a) Importance Value (I.V.) calculated within component 



year site and 17% of the total at the 30 year site. The main clifference was in the 

herbaceous cornponent where there were only five common species: bunchberry, Canada 

mayfiower, bracken fem, ninning clubmoss, and cow wheat. These species were the only 

herbaceous layer species present at the 30 year site. At the 5 year site the higher I.V. 

herbaceous Iayer species were bracken fem, bunchberry, Canada mayflower, false 

sarsaparilia, and large leaf aster. 

There were six low shrub species common to the two sites (Table 15). The low 

shnib component at the 5 year site was dominated by northem bush honeysuckie, Low 

sweet blueberry, velvet leaf blueberry and raspberry, the first three of which are fiom the 

common list. The low shrub component at the 30 year site was dominated by low sweet 

blueberry, sheep laurel, sweetfem, wintergreen and velvet leaf blueberry. AU of these 

species except the two blueberry were exclusive to the 30 year site. Both sites had 

beaked sedge, Canada bluejoht, and Deschampsia sp. in the graminoid component. The 

5y site was grass dominant, whereas the 30y site was sedge dominant. 

Cornmon moss species were Polytrichum commune, Dicranum polyselurn, D. 

montana, Pleuroziurn Schreberi, Lepidozia reptans, and PtiZium crista-castrensis. There 

were four moss species exclusive to the 5 year site, whereas there were no species 

exclusive to the 30 year site (Table 15). The 5 year site was Polyfrichum and Dicranum 

dominant. The 30 year site was Pleurozium and Dicranum dominant. 

Summarv: Tree stratum richness and diversiS. were similar for the two sites, but species 

composition was different. The 5y site had a jack pine dominant overstory, whereas the 

30y site was jack pine and black spruce dominant. There was no difference between sites 



for shmb stratum nchness or diversity and common species accounted for 60% and 75% 

of the total species at the sites. 

The main ciifference between sites was in the ground stratum, specifically in the 

herbaceous component. The 5y site had 70% more herbaceous component species than 

the 30y site. Though there was no difference between sites for low shrub richness or 

diversity, species composition was different. The more important species at the 5y site 

were bush honeysuckle, blueberry and raspberry, d l  of which were common species. The 

more important species at the 30y site were low sweet blueberry, sheep laurel, sweetfem, 

and wintergreen, al1 of which were exclusive to the site, except for the blueberry. There 

was no difference between the sites for graminoid richness or diversity, but the 5y site 

was gras  dominant and the 30y site was sedge dominant. Moss diversity was higher at 

the 30y Pleurozium and Dicranum dominanted site, than a the 5y Polytrichum and 

Dicranum dominanted site. 

III VEGETATION RECOVERY AND CHANGE AT WILDFIRE: DISTURBED 

STANDS 

WILDFIRE DISTURBED AND ARTIFICIALLY REGENERATED STANDS 

Species richness and diversity 

Site summaw: The first set of wildfire disturbed stands compared had been burned and 

artificially regenerated either 5 years or 15 years ago. Comparison between sites using a 

site summary value showed no significant difference for species richness, whereas 



species diversity was higher at the 15 year stand (H' 4.43) than at the 5y stand (H 3.73) 

(Appendix C.3). 

Stratum: There were no significant merences in species richness or diversity between 

sites for any of the strata (Figure 5). Note that although an overstory had not yet 

developed at the 5 year site, tree stratum comparison results were obtained by comparing 

the tree species fiom the 15 year site with the tree species present in the shnib stratum 

(sapiings) at the younger site. The trend, dbeit not sigdicantiy different, was for the 5yr 

site to have the higher species richness and diversity. 

Ground stratum com~onents: There were no significant differences between sites for 

herbaceous, low s h b ,  moss or seedlïng component richness and diversity. Graminoid 

component diversity was higher at the 5y (H'l .IO) than at the 15y site (Hr0.46), but there 

was no difference in richness. There was no apparent non-significant trend for the ground 

stratum components. 

Species composition 

For comparison of species composition, the tree and shrub strata have been 

cornbined for this set of sites. This was done on the premise, that, although an tree 

straturn had yet developed at the 5 year site, one can assume that some of the immature 

tree species accounted for in the shmb strata have the potential to become part of the 

overstory. Al1 of the tree stratum species of the 15 year site (jack pine, trembling aspen, 

white birch, pin cherry) were found in the shrub stratum at the 5 year site (Appendices 

B.3, B.6). There are three other potential tree species found at the 5 year site that were 

not f o n d  at the 15 year site (red maple, larch, white spruce). 



richness divenity richnsss diveirsity richness diversity 

TREE STRATUM SHRUB STRATUM GROUND STRATUM 

HERBACEOUS LOW SHRUB GRAMINOID MOSS SEEDLING 

FIGURE 5. Cornparison of species richness (sp#) and diversity (H') at the 5 and 
15 year artificially regenerated, wildfire sites. 
(A) Tree, shrub and grouud straturn; (B) Herbaceous, low s h b ,  graminoid, moss, 
and tree seedling components of the ground strata- 
* denotes significant difference between sites (P<O.Ol based on K-W test) 



Cornparison of overstory composition, both present and fbture is shown in Table 16: 

Jack pine was the only species of the common tree species regenerating at both sites. 

Two of the exclusive "tree" species at 5BA (white spruce and larch) were regenerating. 

Table 16: Overstory species composition and regeneration for the artificially 
regenerated, 5y and 15y wildfire sites. 

Newly established tree species (ie seedlings only) at both sites were conifers (red pine at 

the 5yr site, bIack spruce and balsam fir at the 15yr site). 

Both sites had an alder species present in the s h b  layer, at the 5 year site it was 

speckled alder, whereas at the 15 year site it was green alder. 

In the ground stratum, there was no difference between sites in tems of species 

diversity and richness, but there were differences in species composition. There were 

thirteen herbaceous component species common to the two sites (Table 17). These 

species accounted for 65% of total herbaceous species at the 5 year site and 72% of total 

herbaceous species at the 15 year site. Dominant species at the 5 year site were bracken 

fern, bunchberry, goldenrod, bluebead lily and large leaf aster, al1 of which are fiom the 

common species list. Dominant species at the 15 year site were large leaf aster, bunch 

Tree species 
Jack pine 
Trembling aspen 
Pin cherry 
White birch 
White spruce 
Larch 
Red maple 
Red pine 
Black spruce 
Balsam fir 

5BA 
tree sapling seedling 

x x 
x 
x 
x x 
x x 
x x 
x 

x 

15BA 
tree s a p h g  seedling 
x x 
x x x 
x x x 
x 

x 

x 
x 



Table 17. Common and exclusive ground stratum species for the wildfire disturbed 
and amcia l  regeneration cornparison set. 
Species common to the 5BA 15BA Species exclusive to Species exclusive to 
5 year and 15 vear sites 
herbaceous component 
bracken fern 
bunchberry 
large leaf aster 
bluebead lily 
gotdenrod 
Canada mayflower 
kidney Ieaf violet 
goldthread 
ground pine 
false sarsaparilla 
peariy everlasting 
starflower 
fireweed 

low shrub component 
bus h honeysuckle 
wild red raspberry 
velvet leaf blueberry 
Iow sweet blueberry 
trailing arbutus 
twinflower 

graminoid component 
beaked sedge 
Canada bluejoint 
Descharnpsia sp. 

moss component 
Po&trichum juniperrizum 
Pohlia nutans 

seedling component 
alder seedling 
white spruce seedling 
servicebeny seedling 
willow seedling 

I.V. the 5 vear site - 

4 fringed bindweed 
15 spinulose woodfern 
28 bristly sarsaparilla 
1 1 naked mitrewort 

t running clubmoss 
7 twisted rose stalk 
7 
2 

1 -3 
1.4 
1.7 

1 
1 

20 skunk currant 
6 creeping snowbeny 

18 spreading dogbane 
20 
9 
2 

22 Scirpus sp. 
36 
19 

10 Mniurn sp. 
4 Sphagnum sp. 

23 white birch seedling 
7 jack pine seedling 

18 larch seedling 
18 red pine seedling 

I.V. the 15 vear site - 

6 fringed polygala 7 
2 orange hawkweed 5 
1 cow wheat 4 
1 ox-eye daisy 1 
1 king devil 1 

<I  

16 sheep taurel 
1 sweetfern 
1 

3 poverty g ras  5 

1 Polytrichum commune 49 
3 Pleurozium Schreberi 19 

Dicranum polysetum 1 O 
Dicranum montana 2 
Drepanocladus sp. 2 

35 pin cherry seedling 15 
14 beaked hazel seedling 8 
2 black spmce seedling 7 
1 balsarn frr seedling 2 

trembling aspen seedling 2 - - - 

a) Importance Value (I.V.) calculated within component 



berry, bluebead lily, bracken fern, Canada mayflower, kidney leaf violet, and fXnged 

polygala, also al1 fiom the common species lia. For the low shrub component, common 

species accounted for 75% of the total low shrub species at either site. Cownon species 

were raspberry, northern bush honeysuckle, velvet leaf blueberry, low sweet blueberry, 

trailing arbutus and twidlower. Importance rankings for these species differed at the two 

sites. Raspberry, honeysuckle, skunkcurrant, and velvet leaf blueberry had the higher 

importance values (I.V.) at the 5 year site. At the 15 year site the higher I.V. species were 

low sweet blueberry, honeysuckle, velvet leaf blueberry, sheep laure1 and sweetfern. 

Both sites had Canada bluejoint, beaked sedge, and Deschampsia sp. present in the 

graminoid component. Beaked sedge was the highest I.V. at the younger site, whereas 

Canada bluejoint had the higher I.V. at the older site. Comrnon species in the moss 

component were Polytrichum juniperinum and Pohlia nutans and these accounted for 

50% of the total moss species at the 5yr site and 30% of the total moss species at the 15yr 

site each site. Dominant genera at the younger site were PoZytrichum and Pohlia, 

whereas at the older site it was Polytrichum and Pleurozium 

Surnmarv: There was no significant difference in species richness or diversity between 

the 5y and 15y wildfire sites for any of the strata or ground stratum components, except 

for graminoid diversity which was significantly higher at the 5y site. 

All tree stratum species of the 15y site (jack pine, trembling aspen, white birch 

and pin cherry) were present in the shmb stratum of the Sy site where an overstory had 

not yet developped. Red maple, larch and white spuce were the other sapling size tree 

species present at the Sy site. Al1 tree species of the 5y site were present in sapling and 



seedling form except for trembling aspen, pin cherry, and red maple. At the 15y site, 

white birch was the only species with no fonn of regeneration (sapling or seedling) 

present. Future overstory species (tree seedings) of the 15y site were black and white 

spruce and baisam fu. 

For al1 of the ground stratum components, the more dominant species at the sites 

were common to both sites, but importance values of the species differed. Cornmon 

herbaceous species accounted for 65% (5y)  and 72% (15y) of total herbaceous 

component species at the sites. Common low shrub species accounted for 75% of total 

low shmb species at both sites. Both sites had the same grarninoid component species. 

Common moss species accounted for 50% of the total moss component species at the 5yr 

site and 30% of the total moss component species at the 15yr site. 

WILDFIRE DISTURBED AND NATURALLY REGENERATED STANDS 

Species richness and diversity 

Site summary: The other wildfire cornparison set consisted of jack pine stands that had 

been left to recover naturally after fïre 5 or 30 years ago. The older site had significantly 

higher total species richness (22% more species) and diversity (Hl 5.36) than the younger 

site (H' 3.71) when sites were compared using one summary value for al1 the stand 

vegetation (Appendix C.4). 

Straturn: When the tree, shnib, and ground strata were examined separately, there was 

either no significant difference between sites (tree and shrub richness or diversity, ground 

diversity), or the 30 year site had the higher values (14% more ground stratum species) 

(Figure 6). Although not statistically significant a trend of higher richness and diversity 



richness divenity rfchness divenity richnem divemity 

TREE STRATUM SHRUB STRAfllM GROUND STRATUM 

HERBACEOUS LOW SHRUB GRAMINOID MOSS 

FIGURE 6. Cornparison of species richness (sp#) and diversity (H') at the 5 and 
30 year naturally regenerated, wildfire sites. 
(A) Tree, shrub and ground stratum; (B) Herbaceous, low s h b ,  graminoid, moss, 
and tree seedling components of the ground -ta. 
* denotes significant difference between sites (P<O.Ol based on K-W test) 



at the 30yr site was seen for d strata richness and diversity, except for s h b  stratum 

nchness (where the 5yr site had the higher value) 

Ground stratum com~onents: There was no significant difference between sites for 

herbaceous, low shrub, graminoid or seedling component nchness and diversity. Moss 

diversity was significantly higher at the 30 year site (5y H' 0.90, 30y Hl 1.48), but there 

was no difference in richness. 

Species composition 

The combining of tree and shrub strata species will also be used for this 

cornparison set. Common 'tree' species (jack pine, white birch, trembling aspen, white 

spruce, and willow) accounted for 62% of the total "tree" species at the 5 year site and 

71% of the total tree species at the 30 year site. Red maple, and large tooth aspen were 

species exclusive to the 5 year site (Appendices B.4, B.9). Balsam fir, black spruce, and 

choke cherry were the species exclusive to the 30 year site. 

Of the common 'tree' species, jack pine, white birch and trembling aspen were 

present as saplings and seedlings at the 5 year site, whereas willow was found only as 

saplings. At the 30 year site white birch and willow were found as trees and seedlings, 

whereas jack pine and trembling aspen were found only as trees. At the 5 year site, 

potential tree species present as saplings and seedlings were red maple and pin cherry. 

Present only as saplings were white spruce and large tooth aspen. At the 30 year site 

black spruce was the only tree species present as trees, saplings and seedlings. Cherry 

was present as trees and saplings, whereas balsam fir was found as trees and seedlings. 

Other tree species of the current overstory were present only in tree forrn. 



Conimon shmb stratum species (beaked hazel, green alder, mountain ash and 

serviceberry) accounted far 80% of the species at both sites. The 5y site was beaked 

hazel dominant, whereas the 30y site was green alder dominant. 

There were eleven common species in the herbaceous component of the ground 

strata (Table 18), and these accounted for 65% of the total species at the 5 year site, and 

85% of the total species at the 30 year site. Dominant species at the younger site were 

bracken fem, large leaf aster, bunchberry and bluebead My. At the older site the 

dominant species were Canada mayflower, bluebead lily, bunchberry, large leaf aster and 

false sarsaparilla. The low shmb component of the 5 year site was dominated by low 

sweet blueberry, northern bush honeysuckle, and velvet leaf blueberry, al1 of which are 

h m  the list of eight common species. The low shmb component of the 30 year site was 

dominated by velvet leaf blueberry, northern bush honeysuckle, sheep laurel and low 

sweet blueberry, al1 of which are fkom the common list except for the sheep laurel. The 5 

year site had two exclusive low s h b  species, whereas the 30 year site had five exclusive 

species. Both sites were sedge dominanted. Common moss species were PoZytrichum 

j~niperinurn, and Dicranum montanum. These accounted for 50% of the total moss 

component species at the Polytrichum juniperinum and PohZia nutans dominanted 5y site, 

and 20% of the total moss component species at the Pleurozium Schreberi and Dicranum 

poiysetum dominanted 3 0y site. 

Summarv: There was no difference in species richness or diversity between the 5y and 

30y wildfire sites for any of the strata or ground stratum components, except for ground 

stratum richness (14% more species at 30y) and moss diversity (higher at 3Oy). 



Table 18. Common and exclusive ground stratum species for the wildfire disturbed 
and naturally regenerated cornparison set, 
Species comrnon to the 5BN 30BN Species exclusive to Species exclusive to 
5-vear and 30 vear sites 
herbaceous corn ponent 
bluebead lily 
bunchberry 
Canada mayflower 
false sarsaparilla 
largeleaf aster 
ground pine 
goldthread 
running clubmoss 
starflower 
fiïnged polygala 
naked mitrewort 

low shrub component 
low sweet bluebeny 
bush honeysuckle 
velvet leaf blueberry 
sweetfem 
wiId red raspberry 
s kunk currant 
twinflower 
trailing arbutus 

graminoid component 
Carex sp. 

moss component 
Polytrichm juniperimm 
Dicranum montanum 

seelding component 
green alder seedling 
maple seedling 
white buch seedling 
black spruce seedling 

the 5 vear site I.V. the 30 vear site - 
bracken fem 42 orange hawkweed 1 
bristly sarsapariila 1 shining clubmoss 1 
fiinged bindweed 1 
kidney leaf violet CI 
fireweed < I  

sweet gale 1 sheep laure1 18 
spreading dogbane < 1 northern wild rose 2 

wintergreen 2 
creeping snowbeny 2 
labrador tea 2 

Canada bluejoint 

Pohlia nutans 3 6 Pleuroziztm Schreberi 
Sphagnum sp. c l  Dicranum polysetum 

Poiytrchum commune 
Ptilium crista-castrensis 
Lophocolea heterophylia 

Drepanocladus sp. 
Tetraphis pellucida 
Mnium sp. 

jack pine seedling 18 balsam fir seedling 
speckled alder seedling 15 white spruce seedling 
beaked hazeI seedling 8 willow seedling 
trembling aspen seedling 3 
dwarf birch seedling 1 

a) Importance Value (I.V.) calculated within component 



Common tree species were jack pine, trembling aspen, white birch, white spruce, and 

willow. Ail cornmon species were regenerating at the 5y site, whereas none were 

regenerating at the 30y site. Pin cherry, red maple, and large tooth aspen were exclusive 

to the Sy ccoverstory". Choke cherry, black spruce and balsam fir were exclusive to the 

30y overstory. Cornmon shrub stratum species accounted for 80% of the total s h b  

species at both sites. The 5y site was beaked hazel dominanted, whereas the 30y site was 

green alder dominanted, 

Comrnon herbaceous species accounted for 65% of total herbaceous species at the 

5y site and 85% of total species at the 30y site. Importance values were different at the 

two sites. The 5y site was bracken fern, large leaf aster, and bunchberry dominant. The 

30y site was Canada mayfiower? bluebead liIy, and bunchberry dominant. Cornmon low 

s h b  species accounted for 80% of total low shmb species at the 5y  site and 62% of total 

species at the 30y site. The more important s h b  species at the sites were fiom the 

common species and had sirnilar rankiigs at both sites. Both sites were sedge dominant. 

Common moss species accounted for 50% of total moss species at the Polyti=-ichum 

juniperinurn and Pohlia nutans dominant 5y site, whereas they accounted for 20% of the 

species at the Pleuroziurn Schveberi and Dicranum polysetztm dominant 30y site. 



W .  COMPARISON OF ARTIFICIALLY AND NATURALLY REGENERATED 

STANDS OP SIMlLAR DISTURBANCE TYPE 

To detennine if regeneration source had an effect on stand structure and 

composition, cornparisons were made between stands of similar age that had been seeded 

or planted with jack pine following disturbance (artificially regenerated) and stands that 

had been left to regenerate by themselves (naturally regenerated). The three cornparison 

sets and shoa fonn teference names were: 

artificially regenerated naturally regenerated clear-cut logged sites, 5 years old (CS) 

artficially regenerated OJ naturally regenerated clear-cut logged sites, 30 years old (C30) 

artificially regenerated or naturally regenerated wildfire sites, 5 years old (B5) 

Species richness and diversity 

Site summq:  M e n  the sites were compared using one summary value for al1 the 

vegetation in the stand, CS and C30 showed no significant difference in species richness 

between regeneration types, whereas diversity was significantly higher at the natural 

regeneration sites (Tables 19 and 20). For B5, richness was significantly liigher at the 

artificially regenerated site (12% more species), but there was no significant difference in 

diversity (Table 2 1). 

Stratum: There was no significant difference in tree stratum species richness or diversity 

for C5. For C30 there was no difference in nchness but diversity was significant higher 

at the natural regeneration site. The five year old burn sites did not have a iree stratum. 



Table 19. Comparison of species richness and diversity between artificially (A) 
or naturaiiy (N) regenerated jackpine forest stands 5 years after clear-cut 
logging disturbance', 
a) Coefficient of variation (%) values are in brackets. 
Values in bold are simîficantlv different CP<O.O 1) 

Species richness Species diversity 

site summary 

tree strata 

shrub strata 

ground strata 

herbaceous 
component 

low shrub 
component 

graminoid 
component 

moss 
component 

tree seedling 
component 



Table 20. Cornparison of species rïchness and diversity between artificially (A) 
or naturally (N) regenerated jackpine forest stands 30 years after clear-eut 
logging disturbancea. 
a) Coeîfïcient of  variation (%) values are in brackets- 
Values in bold are significantlv diffèrent IP<0.01) 

Species richness S pecies diversity 

site summary 

tree strata 

shmb strata 

ground strata 

herbaceous 
component 

low s h b  
component 

graminoid 
component 

moss 
component 

tree seedling 
comrionent 



Table 21. Cornparison of species richness and diversity between artificially (A) 
or aaturaliy (N) regenerated jackpine forest stands 5 years after wiidfire 
disturbancea. 
a) Coefficient of variation (Yo) values are in brackets. 
Values in bold are sienificantly different (P<0.01) 

Species richness Species diversity 

site surnmary 

tree strata 

shmb strata 

ground strata 

Herbaceous 
Component 

Iow shmb 
component 

Gramino id 
Component 

Moss 
Component 

Seedling 
Component (42.7) (55.5) (40.1) (57.8) 

Shmb straturn species richness did not differ significantly for any of the 

cornparison sets. Shmb stratwn diversity was significantly higher at the naturally 

regenerated sites for C5 and C30, whereas there was no difference for 5B. Ground 

stratum nchness and diversity were not significantly different for CS or C30. For B5, the 

artificially regenerated site had 30% more species, but there was no significant daerence 

in diversity. 



Ground stratum com~onents: Most of the ground stratum components showed no 

difference between sites for species richness or diversity- When there was a difference, 

the artifïcially regenerated site tended to have the higher value. The differences were 

found in the wildfire cornparison set (BS), where the artificial site had 27% more 

herbaceaus species, 75% more graminoid species, and graminoid diversity also higher. 

Species composition 

Com~arison of the 5 year oid artificiallv or naturallv regenerated clear-cut sites (C5) 

Tree straturn species composition was similar for the two five year old clear-cut 

sites, as were the species richness and diversity (Appendices B.1, B.2). Common tree 

species were jack pine, trembling aspen, pin cherry, white birch (though only found as 

standing dead at K A ) ,  and green alder. Black spruce was the tree species exclusive to 

5CA, while willow was exclusive to 5CN. Standing dead trernbling aspen, pin cherry, 

white birch and green alder were aiso found at both sites. 

There were species found in the shrub stratum at bath sites (green aider, jack pine 

and trembling aspen) and they accounted for 75% of the species at the artificial 

regeneration site and 66% of the species at the naturai regeneration site. The only species 

exclusive to C5A was serviceberry. The species exclusive to C5N were balsam fir, black 

spruce, pin cherry, beaked hazel, white birch and willow. 

All of the components in the ground stratum had similar species richness and 

diversity. For species composition, the proportion of comrnon and exclusive species was 

also s i d a .  when the two sites were compared, as were importance rankings for the 

dominant species at the sites which were usually the common species. In the herbaceous 



component there were eleven common species that accounted for 65% of the total nurnber 

of species at each site (Table 22). Low shrub species cornmon to both sites accounted for 

75% of the totals. The artificial regeneration site was sedge dominant, whereas the 

natural regeneratin site was gras  dominant. The natural regeneration site had twice the 

number of moss species than were found at the artincial regeneration site. There were no 

moss species unique to the artificial regeneration site. In the seedling component there 

were three common species, green alder, jack pine and black spruce, that accounted for 

43% of the seedling species present at 5CA and 60% of seedling species present at 5CN 

Cornparison for the 30 vear old artificially or naturallv regenerated clear-cut sites (C3 01 

The comrnon tree species of the 30 year clear-cut sites were jack pine, trembling 

aspen, black spruce and willow (Appendices B.7, B.8). These were the only species 

present at 30CA whereas white spruce was also present at 30CN. Overall the natural 

regeneration stand overstory was denser and it was also black spruce and jack pine co- 

dominant whereas the artificial regeneration stand was jack pine dominant. 

The naturai regeneration stand had higher diversity in the shmb stratum, and 

species composition also differed between sites. Common s h b  species were biack 

spruce, green alder and willow species and these accounted for 60% of the total species at 

30CA and 43% of the total species at 30CN. Green alder density was the highest of d l  

species at each site but its density at 30CA was twice that of 30CN. The shrub stratum at 

30CA was dominated by the green alder whereas at 30CN the shrub stratum was choke 

cherry, willow, black spruce and green alder dominated. 



Table 22. Common and exclusive ground stratum species for the 5 year old clear- 
cut logghg disturbed artificial or natural regeneration cornparison set (CS). 
Species comrnon to 5CA 5CN S~ecies exclusive to Species exclusive to 
5CA and 5CN 
graminoid component 
bracken fern 
Bunchberry 
Canada mayfiower 
large leaf aster 
false sarsaparilla 
kidney leaf violet 
cow wheat 
naked mitrewort 
ruming clubmoss 
h g e d  polygala 
fraprant bedstraw 

low shrub component 
bush honeysuckle 
low sweet blueberry 
wild red raspbeny 
velvet leaf blueberry 
skunkcurrant 
twinflower 

graminoid component 
Carex sp. 
Canada biuejoint 

moss component 
Polytrichum commune 
Dicranum polyse fum 
Pleurozium Schreberi 
Dicranum montana 
Pohlia mitans 

goldenrod 
shining clubmoss 
ground phe 
blue bead lily 
spinulose woodfern 
orange hawkweed 
ox-eye daisy 
starflower 

sheep laure1 
northem wild rose 

4 fireweed 5 
2 h g e d  bindweed 4 
1 goldthread 1 
1 meadowsweet 1 
1 pearIy everlasting 1 
1 
1 
1 

1 labrador tea 
1 trailing arbutus 

Deschampsia s p. 16 

Drepanoc fadus sp. 7 
Lophocolea heterophylla 5 
Lepidoz ia reptans 2 
Mnium sp. 2 
Tetruphis pelfucida 1 
Hylocorniurn splendens 1 
Ptilium crista-castremis 1 

seedling com ponent 
green alder seedling 3 4 59 servicebeny seediing 34 beaked hazei seedling 14 
jack phe  seedling 17 15 red maple seedling 4 trembling aspen seedling 6 
bIack spruce seedling 4 6 white birch seedling 4 

willow seedling <I 

a) Importance Value (I.V.) calculated within component 



The herbaceous component composition of the two sites were noticeably different even 

though species richness and diversity values were not significantly different. 

Bunchberry, cow wheat, and Canada mayflower were the herbaceous component species 

present at both sites and dong with bracken fem and ninning clubmoss the o d y  species 

present at 30CN (Table 23). Species richness and diversity of the low s h b  component 

were s i d a .  at the two sites but there were some differences in species composition. 

There were nine species common to both sites which accounted for 90% of the species at 

30CN, and were the ody species found at 30CA. The hïgher importance value species at 

30CA were sheep laurel, twinflower, trailing arbutus and velvet leaf blueberry. The 

higher importance value species at 30CN were low sweet blueberry, sheep laurel, 

sweetfern, wintergreen, and velvet leaf blueberry. The artificial regeneration site was 

grass dorninanted, whereas the natural regeneration site was sedge dorninanted. Moss 

component richness and diversity were similar at both sites and the cornmon species were 

also the more important species. The common species accounted for 86% of the species 

at 30CA and 67% of the species at 30CN. Seedling richness and diversity were similar 

but species composition differed. Green alder and black spruce were the cornmon 

species. Willow and serviceberry were exclusive to 30CA and jack pine and cherry were 

exclusive to 30CN. The common species were the most important species at the artificial 

regeneration site whereas the exclusive species were the most important at the natural 

regeneration site, 



Table 23. Common and exclusive ground stratum species for the 30 year old clear- 
cut logging disturbed artificial or natural regeneration cornparison set (C30). 
Species common to 30CA 30CN Species exclusive to Species exclusive to 
30CA and 30CN - I.V. I.V. 30CA 
graminoid component 
bunchberry 44 3 1 large leaf aster 
Canada rnayfIower 13 13 kidney leaf violet 
cow wheat 4 42 starfiower 

orange hawkweed 
ground pine 
fiinged polygala 
goldthread 

low shrub component 
sheep laurel 
twinflower 
velvet leaf blueberry 
trailing arbutus 
bush honeysuckie 
sweetfern 
northern wild rose 
labrador tea 

graminoid component 
Canada bluejoint 
beaked sedge 
Deschampsia sp. 

moss component 
Pleurozium Schreberi 
Dicranum poiyserztm 
Polytrichum commune 
Dicranum montana 
Lepidoria reptuns 
Drepanocludus sp. 

seedling component 
alder seedling 
black sDruce seedling 

52 Polytrichum juniperimtm 
16 
9 
4 
1 
1 

running clubrnoss I l  
bracken fem 3 

low sweet blueberry 33 
wintergreen 17 

7 Lophocolea heterophyllu 6 
Ptilium crista-castremis 1 

14 wiI1ow seedling 1 1 cherry seedling 44 
- 2 1 serviceberry seedling 10 jack pine seedling 44 

a) Importance Value (I.V.) cdculated within component 



Com~arison for the 5 year old artficiallv or naturallv regenerated wildfire sites (735) 

In the shrub stratum species present at both sites (comrnon species) accounted for 

80% of the shrub stratum species present at 5BA and 70% of the species present at SBN. 

These species were jack pine, trembling aspen, white birch, pin cherry, red maple, white 

spmce, green aider, beaked hazel, and mountain ash (Appendices B.3, B.4). Exclusive to 

5BA were larch and speckled aider. Exclusive to 5BN were serviceberry, mountain 

holly, willow, and large tooth aspen. The artifïcially regenerated site was green alder, 

beaked hazel, white birch and speckled alder dominated, whereas the naturally 

regenerated site was beaked hazel, red maple, trembling aspen, jack pine, and pin cherry 

dominated. 

Herbaceous component richness was higher at the artificidly regenerated site but 

species composition was similar. Common herbaceous component species accounted for 

80% of total herbaceous component species at the artificial regeneration site and 94% of 

total herbaceous component species at the natural regeneration site (Table 24). The 

common species were of sirnilar importance at each site. Low s h b  richness and 

diversity were similar for the two sites but species composition differed. Although 

comrnon species accounted for 88% of the total species at SBA, and 78% of the total 

species at SBN, the importance of the species differed. At the artificially regeneration 

site raspberry, northern bush honeysuckle, skuakcurrant and velvet leaf blueberry were 

the species with highest importance values, whereas at the natural regeneration site low 

sweet blueberry, northern bush honeysuckle and velvet leaf blueberry were the higher 

importance value species. Higher graminoid richness and diversity at the artificial 

regeneration site coincided with that site having Canada biue joint, Deschampsia sp., 



Table 24. Cornmon and exclusive ground stratum species for the 5 year old wildfire 
disturbed araficial or natural regeneration cornparison set (BS). - 
Species common to 5BA 5BN Species exclusive to S~ecies exclusive to 
  BA and 5BN 
herbaceous componen t 
bracken fern 
bunchberry 
large Ieaf aster 
blue bead Iily 
Canada mayflower 
false sarsaparilIa 
fhged bindweed 
ground pine 
goldthread 
kidney Ieaf vioIet 
bristly sarsaparilla 
starflower 
naked mitrewort 
fueweed 
running clubmoss 

low shrub component 
bush honeysuckle 
mpberry 
velvet leaf blueberry 
skunk currant 
low sweet blueberry 
trailing arbutus 
twinflower 
spreading dogbane 

graminoid component 
beaked sedge 

moss component 
Po fytrichum junlperinunz 
Pohlia mrtans 
Sphagnurn sp. 

seedling cornponent 
green alder seedling 
white birch seedling 
jack pine seedling 

42 goldenrod 11 h g e d  polygala (1 
1 1 spinulose woodfem 2 
12 pearly everlasting 4 
9 rose twisted stak <1 
7 
9 
1 
4 
1 

<1 
1 
I 

<I  
< 1 

I 

27 creeping snowbeny 1 sweetfern 
4 myrica gale 

21 
1 

37 
< 1 

1 
<1 

100 Canada bluejoint 
Deschampsia sp. 
Scirpus sp. 

5 1 Mnium sp. 
36 
<1 

13 white spmce seedling 15 mapIe seedling 38 
1 larch seedling 2 speckled alder seedling 15 

18 serviceberry seedling 1 beaked hazel seedling 8 
red pine seedling 1 trembling aspen seedIing 3 
willow sp. seedling 1 pin cherry seedling 1 

dwarf birch s e e d h ~  1 

a) Importance Value U.V.) calculated within component 



beaked sedge and Scirpus sedge species present, whereas the natural regeneration site had 

only beaked sedge present. Moss component richness and diversity were similar as was 

species composition in t ems  of common species importance and porportions of total 

species at each site. For the seedling component, &mess and diversity values were 

similar but not species composition. Common species (white birch, green alder and jack 

pine) accounted for only 38% of the total species at 5BA and 33% of the species at 5BN. 

The higher importance value tree seedling species at 5BA were white birch, green alder, 

white spruce and jack pine, whereas at 5BN it was red maple, jack pine, speckled alder, 

green alder and beaked hazel. 

Clear-cut logged sites summary: For the clear-cut sites (5y or 30y), there was either no 

difference between regeneration types (5y dl strata, richness and diversity, 30y tree and 

s h b  nchness), or the naturdly regenerated site had the higher values (30y al1 strata 

diversity, ground stratum richness). There was no significant différence between sites for 

any of the ground components. 

Overstory composition at the 5y harvested sites was similar. Overstory 

compostion at the 30y harvested sites was different due to the artificid regeneration site 

being jack pine dominant and the natural regeneration site being black spruce and jack 

pine CO-dominant. 

Cornrnon s h b  stratum species accounted for 75% of the shrub species at the Sy 

artificial regeneration site and 66% of the species at the natural regeneration site. 

Importance values were similar. Common shmb species for the 30y cornparison set 

accounted for 60% of the artificial regeneration site which was green alder dominanted, 



and 43% of the natural regeneration site which was choke cherry, willow, black spruce, 

and green alder dominated. 

In the ground stratum of the 5y sites, porportions of common and exclusive 

species were similar, and the common species were the dominant species at both sites. A 

similar trend was seen in the ground component of the 30y sites for the low shmb, moss 

and seedling species. For the herbaceous component, common species accounted for 

only 43% of the total species at the artificial site and for 60% of the species at the natural 

site. The 5y artificial site was sedge dominant, whereas the natural site was grass 

dominant. For the 30y set, the artificial site was gras dominant, whereas the natural site 

was sedge dominant. 

Wildfire sites summaw: For the wildfïre sites (5y), there was no significant difference 

between sites for shmb or ground stratum richness or diversity. Most of the ground 

stratum components were not significantly different, except that herbaceous nchness, and 

graminoid richness and diversity values were higher at the artificially regenerated sites. 

S h b  stratum species present at both sites accounted for 80% of the artificial site 

species and 70% of the natural site species. The artificial site was green alder and beaked 

hazel dominanted, whereas the natural site was beaked hazel and red maple dominanted. 

Herbaceous component composition was similar for both sites. Common low shmb 

species accounted for 88% of total low shrub species at the raspbeny and bush 

honeysuckle dominant artificial site, and 78% of the total species at the bluebeny and 

bush honeysuckle dominant natural site. The artificial regeneration site had four 

graminoid component species (beaked sedge, Canada bluejoint, Deschampsia sp. and 

Scirpus sp.), whereas there was only one species (beaked sedge) at the natwal 



regeneration site. Moss component composition was similar. Common seedling species 

accounted for ody 35% of total species at either site. Dominant species were a mix of 

common and exclusive species. 

V. SOIL SURVEY RESULTS 

Soil ~ i t s  resuits 

Of dl the study sites, the 15yr clear-cut site (15CA) had the shallowest soil 

(27cm to C horizon) and the 30yr w i l e e  site (30BN) had the deepest soil (63cm to C) 

(Table 25). Al1 other sites had a soil depth to C horizon between 33 and 48cm. The soil 

horizons present at the sites were Ae, Bf, and B, except at the two 15 year sites where 

only Ae and B were present. 

Litter laver (LFH) results 

Litter horizon depth and organic matter content increased with stand age (Figure 7 

and Figure 8). Younger sites (5y) litter layers were 3-5 cm thick and had an organic 

matter content (determined by combustion) of around 45%. The 15 year stands had litter 

layers of 7-9cm with an organic matter content of around 60%. At the older (30y) sites, 

litter layers were 6-9 cm thick with an organic matter content of approximately 70%. Soil 

data c m  be found in Appendix D. 



Table 25. Soil pit data for the jack pine study sites 

horizon 
depth LFH thickness 

site - to C (cm) thickness (cm) horizon (cm) 
5CA 42 -2 2.9 Ae  7.3 



Figure 7. Soii Litter layer thickness for the jack pine study sites. 

Figure 8. Soil litter layer organic matter content results (determined by combustion) 



Mineral soil bulk densitv redts  

When the soils fiom the clear-cut 

were no notable differences in bulk 

merences in bulk density, they were 

logged and wildfire 

density 

seen as 

values (Figure 

2 lower density 

sites were compared, there 

layer at the wildfire sites ,ad were due to the presence 

found in Appendix D. 

9). If  there were auy 

in the top (0-lOcm) test 

of ash in the soil. Soi1 data can be 

Figure 9. Minerai soil bulk density resuits for the jack pine study sites 



DISCUSSION 

If a combination of plant species are found consistently in a certain type of 

habitat, there is a good chance that those species share sirnilar biotic and abiotic 

tolerances and requirements, and are adapted to surviving in that habitat type (Billings 

1978). Studies have shown that whenever a particular habitat is found repeatedly in a 

given region, the same cluster of associated taxa is also found (Barbour et al. 1998). 

Exact species composition may Vary around a core group of common species, but the 

overall phy sical appearance (such as height, leaf shape and coverage) and functional roles 

(such as amount of shading, insect host plant, food source or deterrent) within the 

comrnunity are consistent (Barbour ef al. 1998). 

Jack pine is an early succession species native to central and eastern Canada that 

colonizes burns and other exposed sandy (or coarse loam) sites (Fowells 1965). In 

Ontario, it typicdy forms even-aged, post-fire stands, either alone or with black spruce, 

or it is a main species in mixwood stands (Sims et al. 1990). Jack pine is a fire- 

dependent and fire-adapted species with serotinous cones, mineral seedbed requirements, 

and seedlings that have very iow tolerance to cornpetition and that grow best with fùlI sun 

exposurc. In the absence of f ie ,  jack pine tends to be replaced by more tolerant conifer 

or hardwood species except on the poorer and drier soils (Fowells 1965). Because fire is 

an integral factor in jack pine habitat, it follows that the other vegetation of the stand 

would also be f i e  tolerant to some degree (Denslow 1980). 

The overstory and understory composition that could be considered the common 

associated species (species that were present in at least six of the nine sites) of northern 

Ontario jack pine stands in this study area were: 



Trees and s h b s :  black spruce, green alder, trembiing aspen, white birch, willow sp. 

Low shrubs: low sweet blueberry, northem bush honeysuckle, sheep laurei, 

sweetferq trading arbuhis, twin flower, velvet leaf blueberry, wild red 

raspbeny. 

bunchberry, Canada mayflower, cow wheat, fringed polygala, 

goldthread, ground pine, kidney leaf violet, large leaf aster, starfiower, 

wild sarsaparilla; Dicrumm montana, D. polyseturn, Pleurozium 

Schreberi, Polytrichum commune, P. juniperinum; Canada bluejoint. 

Ground: 

Frequently associated species (present in at least five of the nine sites) were: 

Trees and shnibs: pin cherry, shadbush 

Low shnibs: labrador tea, northern wild rose, skunk currant 

Ground: bluebead My, bracken fem, goldenrod, naked mitrewort, orange 

hawkweed, ninning clubmoss; Lepidozia reptans, Pohlia nutans. 

Periodic f i e  is a necessary for cyclic succession in a jack pine stand if the stand is 

to remain jack pine-dominant (Weber 1988). Because the majority of jack pine stands are 

of fire origin, the naturally regenerated wildfire study sites (5BN and 30BN) codd be 

considered as an example of how a stand would appear after 5 or 30 years of recovery in 

the course of a natural jack pine stand Iife cycle. For the purpose of discussion, the 

species composition and structure at these two sites are used as the reference to which the 

other sites are cornpared when determining how years since disturbance (stand age), 

disturbance type or regeneration *e affect species richness, diversity, and composition. 

The results dealing with harvested sites either at 5, 15, or 30 years following 

disturbance and artificial regeneration, or at 5 or 30 years following disturbance and 



naturd regeneration wilI be discussed with emphasis on site recovery and the possible 

effects of harvesting on long term site productivity. Cornparisons between artincially 

regenerated or naturaily regenerated sites of similar age and disturbance type did not 

show a consistent dserence in richness, diversity and composition, and will not be dealt 

with in the discussion. Inherent site differences or some other factors probably have 

more effect than regeneration treatment. The results fiom these site pairs were used to 

show the potential variability of sites of similar age and disturbance type. 

Use of surnrnarv values: ûying; to reduce a complex svstem to a simple numeric value 

If it were possible, the sirnplest assessrnent of forest stand diversity would involve 

the use of one value that combines and accounts for al1 the species present in the stand. 

Surnmary values for site species richness and diversity were calculated for the 

sites and it was found that the site trend reflected the trends of the individual strata ody  

in a few cases (5CA vs 5BA, 30CN vs 30BN, 5CA vs 5CN, 30CA vs 30CN). Potentially 

important numbers and trends fiom the diffèrent strata were masked or lost when al1 the 

information fiom the stand was combined into one number. The values were usually 

influenced most by trends in ground stratum because the greatest proportion of the total 

species found in the stand was located in this stratum. 

DOES LOGGING DISTURBANCE MIMIC WLDFIRE DISTURBANCE? 

Initial interpretations of the numeric results comparing logghg disturbed and 

wildfire disturbed sites indicate the potential for concern at the harvested sites. For the 



majority of the cornparison sets, the s h b  and ground s h t a  at the harvested sites have 

lower species richness and diversity than the corresponding wddfire sites. Because 

convention holds that higher diversity indicates a heaithier stand (Magurran 1988), one 

codd conclude that clear-cut Iogging disturbance does not rnimic wildfire disturbance, 

which is the type of disturbance that jack pine stands need (Weber l988), and to which 

the associated vegetation is also tolerant (Denslow 1980). When species composition 

results are included in the comparisons, some modification of the initial conclusion can 

be made. Vegetation species that were found at both the paired harvested and wildfire 

sites (referred to as common species), account for the greater proportion (over 60%) of 

the total species in the tree, shrub, or ground stratum at the harvested sites- In the ground 

stratum, these cornmon species are also the more important species (those that have a 

higher importance value ranking) at both the harvested and wildfire sites for most 

cornparison sets. 

Species richness and diversity tend to be lower at the harvested sites, but the 

persistence of the cornmon species as the more prominent species in the stand may be an 

indication that the wildfire adapted vegetation of a jack pine stand dso  has the resilience 

to recover fiom logging disturbance. There are literature exampies of studies, which 

found that logging disturbance affects stand structure rather than composition. For 

example, deVos and Bailey (1970) found marked change in the structure of the 

community of stands disturbed by logging, but in most cases there was only a slight 

influence on the composition. Thinning or removal of the tree canopy promoted the 

growth of ta11 shmbs and herbs, which then shaded and suppressed the lower herb 

strahm. Dense softwood stands showed more change than young hardwood stands. 



Halpern and Spies (1995) found that 70-90% of understory taxa survived logging and 

slash burning in the West Coast old growth forests that they studied, and that most of the 

species that initially disappeared eventually recovered or re-emerged. Meier et al. (1 995) 

found no difference in the total ground stratum cover between clear-cut, thinned, and 

uncut stands, but the clear-cut had significantly lower species richness. Ail understory 

species designated as 'common' (found in at 50% of the quadrats) at the uncut site were 

found in the clear-cut site (Meier et al. 1995). 

In summary, logging disturbance affects the variety of species found in the jack 

pine stand, but there is the retention of basic sbnd character in terms of structure and 

composition. In other words, the vegetation composition is reduced to a core group of 

species, Ecological simplicity in itself is not in conflict with nature, because there are 

species-poor comrnunities o c c m g  naturally (Barbour et al. 1998), but it is not clear 

whether ecologically simple jack pine stands are adequate for ecological or economic 

purposes. Jack pine is one of the Ieast tolerant tree species when it cornes to cornpetition 

for resources and thus tends to occupy the drier and nutntionaily poor soils where other 

tree species are unable to grow effectively (Sims et al. 1990). These same soi1 conditions 

will also lirnit the type of understory species found in the stand. According to the North 

Eastern Ontario Forest Ecosystem Classification (McCarthy et al. 1994), jack pine 

understories are usually herb poor with a medium or poor shrub layer. These 

commmïties are inherently simple thougli, due to the restrictive environment (such as the 

dry and nutrient poor). 

The lower diversity in harvested jack pine stands examined in this study may have 

been caused by un-natural disturbance in an originally more diverse stand (relatively 



speaking) and thus may be a cause for concern. It is a cause for concern because diversity 

is ofien seen as a sign of stand health, and the 'altered' jack pine stands (those that have 

recovered fiom harvesting) may not have the same resilience as the stands of wildfire 

ongin. Alternatively, the chosen harvested stands may have originally been of lower 

diversity than the chosen wildfire stands. 

One could argue that jack pine needs disturbance that opens up the canopy, to 

remain dominant in stands. Whether the canopy is removed through f i e  or through 

Iogging, one of the main end effects is the same: increased insolation to the forest floor. 

One could even argue that the harvested site has more potential for recovery than the 

wildfire site because of the greater amount of understory vegetation that survives. But at 

the sarne time, the fact is that there is a difference in species nurnber and diversity, 

especially noticeable in the ground stratum of the 15 year and 30 year sites. The loss of 

species that may not have the similar tolerance b i t s  and resource needs as the common 

species may indicate changes in some of the physical and chernical characteristics of the 

site, such as nutrient levels and moisture retention levels in the soil. Although nutrient 

andysis of the soil smples was not undertaken, there is reason to believe that there will 

be differences between wildfrre disturbed and clear-cut sites. In mature forest stands, the 

main nutrient storage area is the vegetation (Barbour et al. 1998). The largest vegetation 

and thus the largest nutrient storage areas in the stand are the trees. There is higher 

potentiai for nutrient loss at the logged site because the trees, or at Ieast most of them, are 

removed fiom the site, (especially when the trees are delimbed by access roads and not on 

site) whereas at the wildfire site there is more potential for most nutrients being retunied 

to the soil in the ash fkom the bunit trees. Site productivity is affected when biomass (and 



contained nutrients) are removed through harvesting or associated site preparation 

(Tenhagen et al. 1996). If there is a decrease in soi1 nutrient levels at a site the vegetation 

component that is most affected are the herbaceous species; those that require an 

immediate supply of nutrients each growing season. 

Concem about the resilience of the harvested stands is supported when the results 

dealing with stand recovery and changes over time are brought into the discussion. These 

resdts are a cornparison of stands of different ages rather than a m e  chronosequence, but 

for the purposes of discussion, the sites will be thought of as representing a pseudo- 

chronosequence. 

Multiple succession sequences are common following disturbance and are most 

often due to variations in disturbance intensity and variations in the composition of the 

original cornmunity (Halpern and Spies 1995). Variations in species richness and 

diversity trends during recovery are possible and are actually to be expected both within 

the same stand and in different stands affected by the same disturbance type. Thus, when 

there is similarity between trends observed at stands recovering fiom the same 

disturbance type, the generalizability of the trends becomes more certain. 

The wildfire sites tended to show no difference over the pseudo-chronosequences 

for most of the strata or ground stratum component trends. Differences were seen for the 

ground straturn at the naturally regenerated sites, where richness was higher at the 30y 

site, and for the graminoid component of the ari5cia.ily regenerated sites, where diversity 

was higher at the 5y site. The harvested sites showed either no difference over the 

pseudo-chronosequence, or the younger sites had higher values. Higher values at the 



younger sites were most evident for the ground stratum, especially in the herbaceous 

component. 

As stated earlier in the discussion, the wildfire sequences represent the patterns 

and processes that could occur naturally in a jack pine stand. The observed trends agree 

with other studies that have fouad that commonly observed post-fie trends include either 

a temporary (1 to 5 years) increase in species diversity and dominance, or similar richness 

and diversity before and after fire (reviewed by Abrams and Dickmann 1982). In naturai 

forest stands vascular plant species diversity tends to increase with time following canopy 

closure (Halpern and Spies 1995). Changes in cornmunity structure and composition may 

be driven by changes in resource levels whether it be shading, nutrients or physical space 

(Halpern and Spies 1995, Barbour et al. 1998). Both harvesting and wildfire result in an 

increase of sun to surviving understory vegetation, interrupt nutrient cycling processes, 

and increase available above-ground growing space. The immediate and long-term 

effects of these changes may differ between the disturbance types due to different 

recovery patterns. 

According to the trends observed at the wildfire study sites and fiom the literature, 

species nchness and diversity tend to show either no change, or ro show increase as a 

stand matures. The consistent decrease in nchness and diversity observed in the ground 

stratum of the harvested sites therefore could be considered an indication that there has 

been a disruption in natural stand changes. 

Logging opens the canopy and initiates succession (Meier et al. 1995). Canopy 

openings and associated understory vegetation changes are a regular feature in forest 

stands when old age, insects or disease cause tree mortality (Barbour et al. 1998). The 



main ciifferences between these regular openings, and logging-induced openings, are the 

size of the affected area and the amount of damage caused to the surrounding vegetation 

in al l  strata. When a single tree or a few trees succumb to a 'natural' death, the aec t ed  

area of forest floor is only 1 to 20 m2 and there is a gradua1 process of understory 

exposure as the trees decay in place, and resulting physical damage is restricted to 

wherever broken tree pieces land. When a whole stand is logged, a large portion 

(hectares) of the forest floor is suddenly exposed and also subject to physical darnage by 

harvesting machinery. It may be that higher resilience is needed to recover fiom the 

abrupt impact of logging (larger scale and quicker pace) than fiom the changes associated 

with natural tree mortality. Forest floor species are affected by logging either through the 

loss of suitable habitat, or through displacement by opportunist species able to tolerate 

the drier and more sunlit environment caused by canopy removal (Meier et al. 2995), or 

shaded-out by rapidly growing, vegetatively-spreading species such as shrubs. 

The preceding argument may explah possible logging-initiated decreases in 

species nchness and diversity in the ground stratum of forest stands where naturally 

occurïng disturbances are small scale (single tree or srnaIl groups of trees). However, the 

fires that affect jack pine stands are often large scale disturbances. Thus, in terms of both 

size and intensity, logging and forest fires are not that dzerent. Therefore, vegetative 

recovery in a jack pine stand following logging disturbance should be similar to recovery 

following wildfire disturbance. Why then were there more cases of a decrease in richness 

and diversity at the harvested sites during the first thirty years of recovery, whereas at the 

wildfire sites there were more cases of either no change or an increase in values over 

time? 



Setting aside any site-specifïc environmental differences, it is possible that the 

differences between the harvested and wildfire sites are due to a lag in recovery time at 

the harvested sites. Following disturbance of any type there tends to be a change away 

fkom the initial floristic composition of the affected stand followed by a gradua1 return to 

the pre-disturbance community (Halpern 1988). These changes are due to the transition 

fkom a community dominated by quickly established opportunist species, to the recovery 

or re-establishment of slower growing original understory dominants. Most of these 

changes occur during the first five years at wildfre sites with little change following 

canopy closure (Shafi and Yarranton 1973). The process could be described as an orderly 

re-greening of the site with early invading annuais being replaced by longer living 

herbaceous species and then the eventual re-emergence of woody species (Halpern 1988, 

Bell et al. 199 1). Clear-cutting favours the germination of aggressive, early succession 

species and also the release of understory shmbs (Halpern 1988)- The combination of 

these plant types creates increased competition at the site and causes difficuIties in the re- 

establishment of species used to the slightly pauperate understory habitat of a jack pine 

stand. Re-establishment of the original understory will not occur until competition is 

reduced. This may not happen until the overstory matures and the s h b  species are once 

again suppressed and the understory habitat is no longer conducive to sun-loving, early 

succession species. Thus, relative to recovery after fire, there may be a time lag in 

ground stratum recovery following harvesting disturbance. 

Another possibility is that the understory composition may never return to 

original levels of richness and diversity. Ground stratum species that can be considered 

conmon associates of jack pine stands have high importance values at the 5, 15, and 30 



year harvested sites. This group of species inciude northern bush honeysuckle, low sweet 

blueberry, tu;inflower, velvet Leaf blueberry; bunch berry, Canada mayflower, cow wheat, 

kidney leaf violet, and large leaf aster; Dicranum poiysetum, Pleurozium Schreberi, 

Polytrichum commune and P. juniperinum. When considered as a core group, the 

proportion of the total number of species for which they account also increases along the 

pseudo-chronosequence. Theses species were either survivors or quicldy re-established 

members of the comrnunity and most likely have broad tolerance ranges (Vogl 1980). It 

seems that jack pine stand resilience and ability to recover fiom disturbance, whether it 

be fire or logging, may be limited to the core group of associated vegetation cornmonly 

found in such stands. A simplified version of the original stand recovers. 

Perhaps these stands can be considered viably recovered, because in managed 

landscapes one goal is not to maximize diversity, but to maintain natural Levels of 

diversity despite human impact (Willson 1996). But, if only species with higher 

tolerance to disturbance persist where there is potential for a variety of species to be 

found, then questions need to be raised regarding why ody the hardier species were able 

to re-establish in the first thkty years. The factors that influence patterns and processes of 

recovery include: the nature of the disturbance, characteristics of the original cornrnunity, 

seed source availability, seedbed receptiveness, surviving vegetation, and the local 

environment (Ahlgren 1960, Halpern 1988, Kershaw 1993). Of these factors, wildfire or 

logging disturbed sites will differ most in seedbed receptiveness, s~wiving vegetation 

and the immediate local envimunent of the affected area. It is the long term effects of 

these differences that are of most concern (Tenhagen et al. 1996). The factor having the 

most effect on long term recovery is seedbed receptiveness, the condition of the soi1 and 



litter at the site. For both the logged and wildfire sites, litter depth and the organic 

content of the litter layer increased with site age, as could be expected when the amount 

of contributhg vegetation increases with site age. Bulk density of the soil was sirnilar at 

al1 sites, alleviahg concems of large scale compaction at the harvested sites due to the 

logging machinery. The untested (in this study) but suspect changes in site quality are 

related to the removal of trees from the harvested sites. The effect of not having the trees 

decompose on site and the organic matter and nutrients recycled may not show up until 

the immediate soil resources are depleted without the benefit of being replenished by the 

decayed tree matter. Understory species that are able to survive in low resource 

environxnents will persist, but less tolerant or more specialized species will not re- 

establish. Basic stand character will remain following recovery, but not the additional 

species that contribute to the diversity of the jack pine stands. Maintaining diversity in 

managed forests improves the Iikelihood that minimal viable populations of rare and late- 

successional species will re-establish (Burton et al- 1992). This in tuni ensures that 

ecosystem complexity and resilience are maintained through the re-establishment of an 

optimal number of species interactions within the forest stand (Burton et al. 1992, 

Halpern and Spies 1 995). 

Forest Management Im~lications 

The impact of full tree harvesting on site productivity, specifically long term site 

productivity, is of major concern in forest management. According to Taylor (1995) 

harvesting has six main areas of impact on site productivity. 



1. Removal of nutnents contained in vegetation biomass; 

2. Physical changes to the soi1 (minera1 and organic) caused by heavy equipment; 

3 .  Effects of road construction on erosion and seeam water q d t y ;  

4. Decrease in biodiversity because of changes in species composition and stand 

structure; 

5. Changes in patch size and age distributions of various ecosystem components; 

6.  Loss of old-growth forests and other critical habitats (i.e. wildlife, riparian, 

insect). 

Jack pine stands, because they are perturbation-dependent by nature, could be 

considered arnong the forest communities that are better able to withstand human 

disturbance. Even so, potential impacts on site productivity that are of most concem 

include: nutrient and organic matter loss through tree rernoval, loss of soil through 

increased soil erosion, soi1 compaction, and stand structure changes (Kershaw et al. 

1993). Strategies suggested for minimizing these potential impacts are: processing 

(delimbing) at the sturnp hstead of at the roadside, and spreading of the resulting slash at 

the site (Kershaw et al. 1993). Prescribed buming of the slash and undergrowth wodd 

also imitate the naturai disturbance of wildfire, but only if some seed trees were lefi 

unharvested to function as regeneration seed sources. 



CONCLUSIONS 

A combination of qualitative and quantitative results were used to examine the 

effect of logging and wildfire disturbance on vegetative recovery in jack pine stands. 

Species richness, species diversiîy (Shannon index), and species composition were 

detennined for the tree stratum, the shrub stratum and the ground stratum in the stands 

and also for the ground stratum components (herbaceous, low shmb, moss and liverworts, 

graminoid, and seedling). 

The results dealing with the comparison of similar aged wildfire or logging 

disturbed jack pine stands revealed that the tree, shnib and ground strata of the wildfire 

sites tended to have higher species richness and diversity than the corresponding 

harvested sites. Vegetation species that were found at both the paired harvested and 

wildfire sites (referred to as common species), accounted for the greater proportion (over 

60%) of the total species in the tree, shmb or ground strahim at the harvested sites. In the 

ground stratum, these common species also had the higher importance values at both the 

paired sites for most comparison sets. It seems that harvesting afEected stand variety but 

there was the retention of basic stand character in terms of structure and composition. 

The persistence of the common species as the more prominent species in the stand may 

be an indication that the wildfire-adapted vegetation of a jack pine stand also has the 

resilience to recover fi-om logging disturbance. 

Concern about the resilience of the harvested stands is supported by the results 

dealing with stand of ùicreasing age. For the wildfire disturbed stands the fiequently 

observed trends were either no difference in richness and diversity between different aged 

stands, or the older stands had the higher values. These observed trends agree with the 

findings of other studies which looked at wildfire recovery or natural stand development. 

There was Iess variability in recovery trends at the harvested sites, and the dominant trend 



was a decrease in species nchness and diversity over tirne. This consistent decrease could 

be considered an indication that there has been a disruption in natural stand changes. 

It is possible that the dBerences between the harvested and wildfire sites are 

simply due to a lag in recovery time at the harvested sites, Cornpetition fiom surviving 

vegetation (especially s h b s )  may cause a delay in the recovery of understory species 

which are unable to re-establish d l  the overstory matures and the aggressive shrubs are 

suppressed. h o  ther possibility is that the understory composition may never return to 

original levels of richness and diversity, and that only the core group of species, the 

commonly associated species, recover. A simplified version of the original stand will 

recover. Either way, stand recovery is modified but not prevented- It is possible that an 

ecologically viable stand will occur even if it is different fiom the original stand that was 

present before disturbance. 



SUGGESTIONS FOR FURTHER STUDIES 

The preceding study is by no means conclusive, but it c m  be used as a basis fiom 

which to deveIop and implement fiirther studies to heIp explain and e x d e  the long 

term and short term effects of logmg$ng on forest stands. 

The most usefül continuation of the study involves sampling of more jack pine 

stands that meet the same criteria as the ones used in this study to help detennine if the 

stands used were at al1 representative of 'typical' changes in jack pine stands or more of an 

exception. This would allow an expansion of the results to create a more representative 

'model' of the changes that occur in jack pine stands following logging or wildfire 

disturbance. 

There is a need for basehe data descnbing northem Ontario jack pine stands. 

Idormation is needed that provides a full description of al1 vegetation present in different 

aged stands of wildfire origin. This information would allow researchers to know what a 

jack pine stand is "supposed" to look like in terms of species richness, diversity and 

composition. 

Changes in soil nutrients and physical characteristics is an area of study which 

would provide much insight on the vegetation changes that occur in forest stands. 

Knowing which nutrients and processes are aBected and how they change, wodd provide 

a guideline for predicting how the soil of a specific stand will be affected before 

harvesting takes place. Appropriate management proceedures could then be chosen that 

wouId help minimize site quaiity darnage. BaseIine data are needed to document changes 

in the soil at wildfire ongin jack pine stands, to use as the 'control' results to which results 

fiom logging disturbed stands can be compared. 
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APPENDIX A 
COMMON AND BOTANICAL NAMES FOR SPECIES LISTED LN REPORT 

COMMON NAME 

BaIsam f i  
Black spruce 
Choke cherry 
Green alder 
Jzck pine 
Larch 
Large tooth aspen 
Mountain ash 
Mountaui maple 
Pin cherry 
Red maple 
Red pine 
SeMcebeny 
Speckled alder 
Trernbling aspen 
White birch 
White spruce 

Beaked hazeI 
Creeping snowberry 
Labrador tea 
Low sweet blueberry 
Mountain holly 
Mountain maple 

BOTANIC-AL NAME 
3lmzzKw 

Abia balsamea (L.), Mill. 
Picea mariana (Mill.), BSP. 
P mnus virginiana L. 
Alnus viridis ssp. crispa Ait. 
Pinus banhiana Lamb. 
Larix laricina (Du Roi) K. Koch 
Populus grandidentata Michx. 
P ' s  americana (Marsh.), DC. 
Acer spicatum Lam. 
Prunus pensylvanica L. 
Acer r u b m  L. 
Pinus resinosa Ait. 
Amelanchia spp. 
Alnus rugosa (Du Roi) Clausen 
Populzrs tremuloides Michx. 
Behrla papyrifera Marsh. 
Picea gtauca Moench 

Northern bush honeysuckle 
Northem wild rose 
Red elderbecry 
Red osier dogwood 
Sheep laure1 
Skunk currant 
Smooth wild rose 
Sweet fern 
Sweet gale 
Trailing arbutus 
Twinflower 
Velvet-leaf blueberry 
WiId red raspberry 
Willow sp. 
Wintergreen 

- 
Corylus cornuta Marsh. 
Gaulrheria hispidula (L.), Bigel. 
Ledum groenlandicum Oeder 
Vaccinium angustifolium Ait. 
Nemopanthus mucronata (L.) Trel. 
Acer spicatum Lam. 
Diervilla lonicera Mill. 
Rosa acicularis Lindl. 
Sambuczlspubens Michx. 
Cornus stolonifera Michx. 
KaImia angustif0 lia L. 
Ribes glanduIosurn Grauer 
Rosa blanda Ait. 
Comptonia peregrina (L.), Coult. 
Myrica gale L. 
Epigaea repens L. 
Linnaea borealis L. 
Vaccinium myrtilloides Michx. 
Rubus idaeus L. 
Salix sp. 
Gaultheria pr~curnbens L. 



APPENDIX A (continued) 
COMMON AND BOTANICAL NAMES FOR SPECIES LISTED IN REPORT 

COMMON NAME BOTANICAL NAME 
S. FERNS. and FF.RN A- 

Bluebead lily 
Bracken fem 
Bristly sarsaparilla 
Bunchberry 
Canada mayfiower 
Cow wheat 
Fireweed 
Fragrant bedstraw 
Fringed bindweed 
Fringed polygda 
Goldenthread 
Canda goldenrod 
Ground cedar 
Ground p h e  
Kidney leaf violet 
King devil 
Large leaf aster 
Naked mitrewort 
Narrow leaved meadowsweet 
Orange hawkweed 
Ox-eye daisy 
Pearly everlasting 
Pink ladies slipper 
Rose twisted stalk 
Running clubrnoss 
Shining clubmoss 
Spinulose woodfem 
Spreading dogbane 
Starflower 
Wild sarsaparilla 

Cfintonia boi-ealis (Ait.), Raf. 
Pteridium aquilinum (L .), Kuhn 
Aralia hispida Vent. 
Cornus canadensis L. 
Maianthemum canademe Desf. 
Melampyrum Iineara Desr. 
Epilo biurn angustifolizim L. 
Gallium trx@Ionrm Michx. 
Polygonum cilinode Michu. 
Polygala paucifolia Willd. 
Coptis trifolia Salisb. 
Solidago canadensis L. 
Lycopodium ~ristachyum Pursh. 
Lycopodium dendroidium Mic hx . 
Viola renfolia Gray 
Hieraciurn Jlorentinum A Il. 
Aster rnacrophyllus L, 
Mitella nuda L. 
Spiraea alba DuRoi 
Hieraciurn aurantiacurn L. 
Chrysanthemurn Ieucanthemurn L. 
Anaphalis margaritacea a.), C.B.Clarke 
CyprÏpedium acaule Ait. 
Streptopus roseus (L.) DC. 
Lycopodium clavatum Hook. 
Lycopodium lucidulum Mic hx. 
Dryopteris spinulosa (O.F. Muell.), Watt 
Apocynum androsaemifoliurn L. 
Trientalis borealis Raf. 
Aralia nudicaulis L. 

Creeping fmgerleaf 
Crested liverwort 
Feathermoss 
Four tooth moss 
Hair cap moss 
Mnium sp. 
Mountain fork moss 
Nodding pohlia 
Plume moss 
Juniper hair-cap 
Red-stemmed moss 
Stair step moss 
Wavy-leaved moss 
Broom moss 

c 
iverwort Lepidozia reptans (L.) Durn. 

Lophocolea heterphylla (Schrad.), Durn. 
Drepanocladu sp. 
Tetraphis pellucida Hedw. 
Polytrichum commune L. 
Mnium sp. 
Dicranum montanum Hedw. 
Pohlia nutans (Schreb.), Lindb. 
Ptilium crista-casîrensis (Hedw.), DeNott. 
Polytrichum juniperinum Willd. 
Pleurozium Schreberi (Brid.), M itt. 
Hylocornium splendens (Hedw.), Bry., Eur. 
Dicranum polysetum Sw. 
Dicranurn scoparium (L.), Hedw. 



COMMON AND BOTANICAL N-S FOR SPECIES LISTED IN REPORT 

COMMON NAME BOTANICAL NAME - 
Beaked sedge C m  rostrafa Stokes. 
Canada bIuejoint Calamagrosfa canadensis (Michx.), Nutt. 
Poverty gras Danthonia spicata (L.), Beauv. 
Sedge Carex sp. 



Ph cherry 
White birch (standing dead) 
Green alder 
Black spruce 

APPENDIX 8.1 
SPECIES LlSTS FOR THE 5y ARTlFlClALLY REGENERATED 

CLEAR-CUT SITE 
TREE STRATUM SPECIESa lx‘ 
Jack pine 4 1 a) average of 10 plots 
Trernbling aspen 27 b) average of 10 quacirats 
Trernbing aspen (standing dead) 25 c) average of 100 quaclrats 
Green alder (standing dead) 3 d) 1.V. and %cover calculated 
Pin cherry (standing dead) 1 within each component 

Green alder 
Jack pine 
Trembling aspen 
serviceberry 

GROUND STRATUM SPECIES'~ 
HERBS 
Brackenfern 
Bunchberry 
Canada mayflower 
Large leaf aster 
Wild sarsaparilla 
Goldenrod sp, 
Kidney leaf violet 
Shining clubmoss 
Cow wheat 
Naked mitrewort 
Running clubmoss 
Fringed polygala 
Ground pine 
Bluebead lily 
Fragrant bedstraw 
Orange hawkweed 
Spinulose woodfern 
Ox-eye daisy 
Starflower 

IdQxsmm 
N. bush honeysuckle 
Wild red raspberry 
Low sweet blueberry 
VeIvet leaf blueberry 
Twin flower 
Skunkcurrant 
Northern wiId rose 
Sheep laure1 

- 
Carex sp. 
Canada bluejoint 

MOSSES 
Polytrichum commune (dry) 
Pleurozium Schreberi (dry) 
Polyh.ichum commune (fiesh) 
Dicranium poiysehtm 
Dicranium montanum 
Pleurozium Schreberi ( fiesh) 
Pohlia nutans (dry) - 
Green alder 
Serviceberry 
Jack pine 
BIack spruce 
Maple sp. 
White birch 
Willow sp. 



APPENDIX B.2 
SPECJES LETS FOR THE Sy NATURALLY REGENERATED 

CLEAR-CUT SITE 
TREE STRATUM SPECJESa lx' 
Jack pine 46 a) average of  10 plots 
Trembling aspen 25 b) average of 10 quadrats 
Trembling aspen (standing dead) 23 c) average of 100 quadrats 
Pin cherry (standing dead) 2 d) I.V. and %cover cdculated 
White birch (standing dead) 1 within each component 
Green alder 1 
Pin cherry 1 
Willow sp. (1 
White birch <1 

Green alder 
Jack pine 
Trembling aspen 
Pin cherry 
White birch 
Balsam fi 
Willow sp. 
Beaked hazel 
Black spruce 

GROUlYD STRATUM SPECLES'~ 
HERBS 
Bracken fem 
Bunchberry 
Canada mayfiower 
Wild sarsaparilla 
Large leaf aster 
Kidney leaf violet 
Fireweed 
Frhged bindweed 
Running clubmoss 
Fringed polygala 
Goldthread 
Cow wheat 
Fragrant bedstraw 
Naked mitrewort 
Narrow-Ieaved rneadow 
Pearly everlasting - 
N. bush honeysuckle 
Low sweet blueberry 
Velvet leaf blueberry 
Wild red raspberry 
Skunk currant 
T w h  flower 
Labrador tea 
Trailbg arbutus 

- 
Canada bluejoint 
Carex sp. 
Deschampsia sp. 

MOSSES 
Polytrichum commune 
Dicraniurn poIysetum 
Dicraniurn montanum 
Pleurozizrm schreberi 
Drepanockadus sp. 
Lophoco Iea heterophylla 
Pohlia nutans (dry) 
Lepidozia reptans 
Mnium sp. 
Poh lia nutans (f?esh) 
Tetraphis pellucida 
Hylocomium sp Iendens 
Ptiliurn crista-castremis - 
Green alder 
Jack pine 
Beaked hazel 
Black spruce 
Trembling aspen 

T.V. O h  cover 
6 8 1 
16 < 1 
16 < 1 



APPENDIX B.3 
SPECIES LISTS FOR THE 5y ARTIFICIALLY REGENERATED 

WILDFIRE SITE 

TREE STRATUM SPECIES' none a) average of 10 plots 
b) average of 10 quadrats 

SHRUB STRATUM SPECIES~ % c o v e ~  c) average of 100 quacirats 
Green alder 
Beaked hazel 
White birch 
Speckled alder 
Trernbling aspen 
Jack pine 
Pin cherry 
White spruce 
Red maple 
Larch 
Mountain ash 

GROOND STRATUM SPECIES~~ 
HERBS 
Bracken fern 
Bunchberry 
Goldenrod 
Bluebead lily 
Largeleaf aster 
Fringed bindweed 
Ground pine 
Canada mayflower 
Kidney leaf violet 
Goldthread 
Spinulose woodfern 
Brîstly sarsaparilla 
Wild sarsaparilla 
Naked mitrewort 
Starflower 
Fueweed 
Running clubmoss 
Pearly everlasting 
Rose twisted-stalk 

L Q B s B u s  
Wild red raspbeny 
N. bush honeysuckle 
Skunk currant 
Velvet leaf blueberry 
Low sweet blueberry 
Creeping snowberry 
Trailing arbutus 
Twinfiower 
Spreading dogbane 

d) I.V. and %cover calculated 
within each component 

Beaked sedge 
Canada bluejoint 
Descharnpsia sp. 
scirpus sp. 

MOSSES 
Polytrichum junrperinum (fiesh) 
Pohlia nutans ( fiesh) 
Pohlia nutam (dry) 
Polytrichum junlperinurn (dry) 
Sphagnurn sp. 
Mnium sp. - 
White birch 
Green alder 
White spruce 
Jack pine 
Larch 
Sewiceberry 
Red pine 
Willow sp. 



APPENDIX B.4 
SPECIES LETS FOR THE Sy NATURALLY REGENERATED 

WlLDFlRE SITE 
TREE STRATUM SPECIES none 

SHRUB STRATUM SPECIES 
Beaked hazel 
Red maple 
Trembfing aspen 
Jack pine 
Pin cherry 
White birch 
Green alder 
Mountain holly 
SeMceberry 
M i t e  spruce 
Large tooth aspen 
Mountain ash 
Willow sp. 

GROUND STRATUM SPECIES 
HERBS 
Bracken fem 
Large leaf aster 
Bunchberry 
Bluebead lily 
Wild sarsaparilIa 
Canada rnayflower 
Ground pine 
Fringed bindweed 
Bristly sarsaparilla 
Goldthread 
Starflower 
Running cIubmoss 
Fireweed 
Fringed polygala 
Kidney Ieaf violet 
Naked mitrewort 

ldQLwum 
Low sweet blueberry 
N. bush honeysuckle 
Velvet leaf bluebeny 
Sweetfern 
Wild red raspberry 
S kunk currant 
Twinflower 
Myrica gale 
Spreading dogbane 
Trailing arbutus 
Sheep laure1 

a) average of 10 plots 
b) average of 1 O quadrats 
c) average of 100 quadrats 
d) I.V. and %cover calculated 

within each component 

- 
Carex sp. 

MOSSES 
Polytrichum juniperinum 
Pohlia nutans 
Dicranum montana 
Sphagnum sp. - 
Red maple 
Jack pine 
Speckled alder 
Green alder 
Beaked hazel 
Trembling aspen 
Dwarf birch 
Pin cherry 
White birch 
Black spruce 
Mountain ash 
Mountah maple 



APPENDIX B.5 
SPECIES LETS FOR THE 1Sy ARTlFlClALLY REGENERATED 

CLEAR-CUT SITE 
TREE STRATUM SPECIESa LY& a) average of 10 plots 
Jack pine 62 b) average of 20 quacirats 
Jack pine saplings 3 1 c) average of 100 quadrats 
BIack spmce 4 d) I.V. and %cover calculated 
Trembling aspen 2 within each component 

SHRUB STRATUM SPEC~ES~ 
Cherry sp. 
Green alder 
Willow sp. 
Serviceberry 
Black spruce 
Jack pine 
Balsam fi 
Trembling aspen 

HERBS 
Largeleaf aster 
Canada rnayflower 
Bunchbex-ry 
Kidney leaf violet 
Cow wheat 
Goldthread 
Goldenrod sp. 
Fringed polygala 
Ground cedar 
Starflower 
Orange hawicweed 
Running clubrnoss 
Pearly everlasting 
Pink ladies slipper 

uEKiwwB 
Sheep laure1 
Low sweet blueberry 
Trailing arbutus 
Velvet leaf blueberry 
Labrador tea 
Twinflower 
Northem wiid rose 
N. bush honeysuckle 
Sweetfem 
Witergreen 
Red osier dogwood 

- 
Descharnpsia sp, 
Beaked sedge 
Canada bluejoint 

MOSSES 
Dicranum polysetum 
Polytrichum commune 
Polyh-ichurn jmiperinurn 
Pleurozium schreberi 
Lepidozia reptam 
Dicranum montanum 
Ptiliurn crista-castrensis 
LophocoZea heterophylla - 
Black spruce 
Willow sp. 
Jack pine 
White spruce 
Serviceberry 



APPENDIX B.6 
SPECIES LlSTS FOR THE 15y ARTIFICIALLY REGENERATED 

WILDFIRE SITE 

TREE STRATUM SPECIESa LA!‘ 
Jack pine 48 
Trembling aspen 24 
Jack pine sapling 17 
White birch 6 
Pin cherry 5 
Choke cherry < 1 

SHRUB STRATUM SPECIES~ 
Green alder 
Pin cherry 
Beaked hazel 
Willow sp. 
Trembling aspen 
Serviceberry 
Jack pine 
Mountain ash 

GROUND STRATUM SPECIES~~ 

T.V. 
30 
16 
16 
16 
10 
8 
3 
1 

HERBS 
Large leaf aster 
Bunchberry 
Bluebead lily 
Canada rnayflower 
Kidney leaf violet 
Fringed poiygala 
Orange hawkweed 
Cow wheat 
Bracken fem 
Goldthread 
Pearly everlasting 
Wild sarsaparilla 
Groundpine 
Fireweed 
Ox-eye daisy 
Starflower 
Banebeny 
Goldenrod sp. 
King devil 

LOW SfIBUBS 
Low sweet blueberry 
N. bush honeysuckle 
Velvet leaf blueberry 
Sheep laure1 
Sweetfem 
Trailing arbutus 
Wild red raspberry 
Twinflower 

a) average of 10 plots 
b) average of 10 quadrats 
c) average of 100 quadrats 
d) I.V. and %cover calculated 

within each component 

- 
Canada bluejoint 
Beaked sedge 
Deschampsia s p. 
Poverty g r a s  

MOSSES 
Poiytrichum commune 
Plmrozium schreberi 
Dicranium poiysetum 
Polyh.ichum junlperinum 
Pohlia nutans 
Drepanocladz~ sp- 
DÏcranium rnontanum - 
Green alder 
Serviceberry 
Willow sp. 
Pin cherry 
Beaked liazel 
Black spruce 
White spruce 
Balsam fu 
Trembling aspen 



APPENDIX 9.7 
SPEClES LETS FOR THE 30y ARTlFlClALLY REGENERATED 

CLEAR-CUT SITE 

W E  STRATUM SPECIES' 
Jack pine 
Black spruce 
Jack pine sap1ing 
WiIIow sp. 
Trembling aspen 

SBRUB STRATUM SPECIES 
Green alder 
Willow sp. 
S e ~ c e b e r r y  
Balsam fi 
Black spruce 

FTERBS 
Bunchbeny 
Canada mayfiower 
Largeleaf aster 
Kidney Ieaf violet 
Starflower 
Orange hawkweed 
Cow wheat 
Ground pine 
Fringed polygaia 
Goldthread - 
Sheep Iaurel 
Twin flower 
Trailing arbutus 
Velvet leaf blueberry 
N. bush honeysuckie 
Northem wild rose 
Low sweet blueberry 
Sweetfem 
Labrador tea 

a) average of 10 plots 
b) average of 10 quadrats 
c) average of  100 quadrats 
d) I.V. and %cover calculated 

within each component 

- 
Deschampsia sp. 
Canada bluejoint 
Beaked sedge 

MOSSES 
Pleumiutn schreberi 
Dicranium polysetum 
Poiyîrichum commune 
Po&~richum jun@erinunz 
Dicranium m ontanum 
Lepîdozïa reptans 
Drepanocladus sp. - 
Green aider 
Black spruce 
Willow sp. 
Serviceberry 



APPENDIX B.8 
SPECIES LlSTS FOR THE 3Oy NATURALLY REGENERATED 

CLEAR-CUT SITE 
TREE STRATUM SPECIESa Ly. a) average of 1 0 plots 
Black spruce 44 b) average of 10 quadrats 
Jack pine 42 c) average of IO0 quadrats 
Willow sp. 7 d) I.V. and %cover calcuiated 
Trembling aspen 4 within each component 
Trembling aspen (standing dead) 2 
White spruce < 1 

SHRUB STRATUM SPECIES~ LY, %cove~ 
Choke cherry 
Willow sp, 
Black spruce 
Green alder 
White spruce 
Red pine 
Trembling aspen 
Jack p ine 

GROUND STRATUM SPECIES'~ 
I i lSES I.V. zsQY!x 
Bunchberry 31 < 1 
Cow wheat 42 f 
Canada rnayflower 13 < 1 
Running club moss I l  < 1 
Bracken fern 3 < 1 - 
Low sweet blueberry 
Sheep laure1 
Sweet fern 
Wintergreen 
Velvet leaf blueberry 
Trailing arbutus 
Northem wild rose 
N. bush honeysuckle 
Labrador tea 
Twinflower 

- 
Carex sp. 
Canada bluejoint 
Deschampsia sp. 

MOSSES 
Plewozium schreberi 
Dicranium polysehrnz 
Polytrichum commune 
Lophocoiea heterophyiia 
Dicranium montanum 
Drepanocladus sp. 
Lepidozia reptans 
Ptifium crista-castrensis 

sliEmNs 
Cherry sp. 
Jack pine 
Black spruce 
Green alder 



APPENDIX B.9 
SPECIES LlSTS FOR THE 30y NATURALLY REGENERATED 

WlLDFlRE SITE 
TREE STRATUM SPECIESP lx a) average of 10 plots 
Jack pine 3 3 b) average of 10 quadrats 
White birch 25 c) average of 1 00 quacirats 
Choke cherry 18 d) I.V. and %cover calculated 
Balsam fir 6 within each comportent 
Trernbling aspen 5 
Choke cherry (standing dead) 3 
Black spruce 3 
Willow sp. 2 
Jack pine (standing dead) 2 
Trembling aspen (standing dead) 1 
Willow sp. (standing dead) 1 
White birch (standing dead) 1 
White spruce 1 

SKRZTB STRATUM SPECIES~ Ly %cove~: 
Green alder 
Balsam fr 
Black spruce 
Willow sp. 
White spruce 
Choke cherry 
Beaked hazel 
White birch 
Mountain ash 
Serviceberry 
Mountain rnaple 
Pin cheny 

GROWND STRATUM SPECIES'~ 
HERBS ly, ZGQYCx 
Canada mayfiower 18 4 
Bluebead Iiiy 16 5 
Bunchbeny 14 3 
Largeleaf aster 12 3 
Wild sarsaparilla 9 1 
Goldthread 7 1 
Ground pine 7 1 
Starflower 5 1 
Fringed polygala 4 < 1 
Running clubmoss 4 < 1 
Naked mitrewort 3 < 1 
Orange hawkweed 1 < 1 
Shining clubmoss 1 < 1 

GRASS and SFDGES 
Carex sp. 
Canada bluejoint 

MOSSES 
Pleurozium schreberi 
Dicranium poIysetum 
Polytrichum commune 
Dicranium rnontanum 
Ptiiiurn cristu-casiremis 
Lophocolea heterophy/la 
Drepanocladus sp. 
Polytrichum juniperinum 
Tetruphis pel lucida 
Mniurn sp. 

I.V. P/. cover 
79 1 
21 < 1 

33 2 
26 2 
12 1 
9 < 1 
7 < 1 
6 < 1 
5 < 1 
1 < 1 
1 < 1 
1 < 1 

(continued) 



APPENDIX B.9 (continued) 
SPECIES LIST FOR THE 30y NATURALLY REGENERATED 

WILDFIRE SITE 

kQJumms 
Velvet leaf blueberry 
N. bush honeysuckle 
Sheep laure1 
Low sweet blueberry 
Twinfiower 
Trailing arbutus 
Sweet fem 
Northern wild rose 
Wintergreen 
Creeping snowberry 
Labrador tea 
Skunk currant 
Wild red raspberry 

- 
Green alder 
White birch 
Bdsam fw 
Maple 
White spruce 
Black spruce 
Willow 



APPENDIX C.1 
NUMERIC DATA FOR COMPARISON SETS EXAMINING 
VEGETATION RECOVERY AND CHANGE OVER TlME 

Cornparison of species richness and species diversity in jack pine stands Sy, 
15y or 30y after clearcutting (C) and artincial regmeration (A). 
Coefficient of variation (%) in brackets. 
Values with different Iower case letters were signincantly different (P<O.Ol based on 
Nemeny test). Values with the same iowercase letter, or without a lowercase Ietter 
were not siginificantly different. 

Species richness Species diversity 
SCA 

site summary 26a 
(1 6.8) 

tree stratum 3 
(42.1) 

shrub stratum 2 
( 4 4 4  

ground stratum 21 a 
(1 3 2) 

herbaceous 8a 
component (19.9) 

Iow shrub 5 
component (1 8.5) 

graminoid 1 
component (1 05) 

~ O S S  6 
component (29.7) 

tree seedling 1 
component (7 1.3) (1 17) (85.8) (0.233) (73.4) (1 34) 



APPENDIX C.2 
NUMERIC DATA FOR COMPARISON SETS EXAMlNlNG 
VEGETATION RECOVERY AND CHANGE OVER TlME 

Cornparison of species richness and species diversity in jack pine stands 5y, 
or 30y after clear-cutting (C) and natural regeneration (N). 

Coefficient of variation (%) values in brackets. 
Values in bold are significantly different (P<0.01 based on Kruskal Wallis test) 

Species richness Species diversity 

site summary 

tree stratum 

ground stratum 

herbaceous 
component 

Iow shmb 
component 

graminoid 
component 

moss 
component 

tree seedling 
component (47.1) (142) (107) (316) 



APPENDIX C.3 
NUMERIC DATA FOR COMPARISON SETS EXAMINING 
VEGETATION RECOVERY AND CHANGE OVER TlME 

Cornparison of species richness and species diversity in jack pine stands 5y, 
or 15y after wildfme (B) and aWcia1 regeneration (A). 

Coefficient of variation (%) values in brackets. 
Values in bold are significantly Werent (P<0.01 based on Kruskal Waiüs test) 

Species richness Species diversity 

site summary 

tree stratum 

shrub stratum 

ground stratum 

herbaceous 
component 

low shrub 
component 

gramino id 
component 

moss 
component 

tree seedling 
component (42.7) (55.1) (40.1) (58.4) - 

*constructed from tree species present in the shmb stratum 



APPENDIX C.4 
NUMERIC DATA FOR COMPARISON SETS EXAMlNlNG 
VEGETATION RECOVERY AND CHANGE OVER TlME 

Cornparison of species richness and species diversity in jack pine stands Sy, 
or 30y after wiidfire (B) and natural regeneration (N). 

Coefficient of variation (%) values in brackets. 
Values in bold are significantly different (Pc0.0 1 based on K m k d  Wallis test) 

Species richness Species diversity 

site sumrnary 

tree stratum 

shrub stratum 

ground stratum 

herbaceous 
component 

low shrub 
component 

graminoid 
cornponent 

moss 
component 

tree seedling 
component (55.5) (38.8) (57.8) (83.3) 



APPENDIX D 
SOlL DATA FROM THE JACK PlNE SITES 

LFH Horizon 
depth 

SlTE 
LFH average LFH thickness 

%OM ranw (cm) 
Buik density 

O-lOcm 10-20cm2- 



APPENDIX E 
LICHEN SPECIES FOUND AT THE STUDY SITES (incomplete) 

5 YEAR OLD SITES 
HARVESTED SITE ( 5CA ) 
Cetrana pinasfn 
Cladina rangiferina 
Cladonia botrychia 
Cladonia cariosa 
Cladonia christa tella 
Cladonia comuta 
Cladonia fimbriata 

WILDFIRE SITE ( 5BA ) 

15 YEAR OLD SITES 
HARVESTED SITE ( 15CA ) 
Cetfaria pinastrf 
Cladina ra ngifenna 
Cladonia cariosa 
Cladonia cenotea 
Cladonia chlorophaea 
Cladonia cnSpata 
Cladonia crista tella 
Cladonia deformis 
Cladonia fimbriata 
Cladonia noerkeana 
Cladonia macilenta 
Cladonia phyllop hora 
Peltigera malacea 

30 YEAR OLD SITES 
HARVESTED ( 30CA ) 
Cetrana pinastri 
Cladina rangifenna 
Cladonia canosa 
Cladonia cornuta 
Cladonia deforrnis 
Cladonia phyllop hora 

WILDFIRE SITE ( 30BN ) 
Cetrana pinastn 
Cladina rangiferina 
Cladonia canosa 
Ciadonia chlorophea 
Cladonia christatella 
Cladonia cornuta 
Cladonia fimbria ta 
Hypogymia sp. 
Parmelia sp. 
Parmelia sulca ta 

HARVESTED SITE ( 5CN ) 
Cladonia cariosa 
Cladonia chlorophaea 
Cladonia cdsta tella 
Cladonia fimbriata 
Cla donia gracillis 
Cladonia macilenta 

WlLDFIRE SITE ( 5BN ) 
none 

WlLDFlRE SITE ( i5BA ) 
Cladina mitis 
Cladha rangiferina 
Clzdonia botrytes 
Cladonia cariosa 
Cladonia cenotea 
Cladonia comuta 
Cladonia critatella 
Cladonia frnbnata 
Cladonia gracillis 
Cladcznia macilenta 
Cladonia scabriuscula 
Peltigera malacea 

HARVESTED ( 30CN ) 
Cladina mitis 
Cladina rangifeifna 
Cladonia cariosa 
Cladonia cenotea 
Cladonia comuta 
Cladonia cnspata 
Cladonia crista tella 
Cladonia deformis 
Cladonia fimbria ta 




