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Introduction 

The management of habitat for northern caribou has been identified as an important resource 

management issue within the Mackenzie TSA (Anonymous 2000).  Habitat requirements for a 

species must consider all resources, conditions, and interactions that provide a niche in which a 

species can occupy (Hall et al. 1997, Johnson et al. 2002).  In turn, there are many factors that 

can influence the quality of habitat within any given landscape. 

 

In BC, forestry activities have some of the greatest influence on habitat values.  With regards to 

northern caribou, access roads and trails increase the mobility of predators thereby reducing the 

ability of caribou to displace themselves away from their predators.  Disturbance from treatment 

activities, and road use, also force caribou away from areas that they normally use (Cumming 

1992).  Additionally, forestry activities are considered detrimental because they remove cover 

attributes required for providing foraging opportunities (Harris 1996, Kranrod 1996).  Though 

effects are often considered to be detrimental to northern caribou and their primary forage, 

terrestrial lichens, the negative impacts may only be a short-term phenomenon (Woodard 1995, 

Webb 1998, Sulyma 2001).  Moreover, if the appropriate combination of treatments is 

conducted, managers may provide a positive effect on lichen supply in the long-term (Sulyma 

2001).   

 

This project has been designed to assess a limited combination of common forestry activities on 

the development of terrestrial lichen communities (Sulyma and Wawryszyn 2001).  With an 

understanding of the interactions between the changes created by the activities and the 
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subsequent response of the forest floor plant community, forestry management objectives can be 

developed that are sensitive to the needs of caribou. 

 

Common forestry practices in the study area incorporate ground based harvesting systems to 

remove trees from the setting.  These systems include the use of machines such as feller 

bunchers, skidder or forwarders, and processors to prepare trees for loading onto logging trucks.  

When skidders are used the system is referred to as whole-tree harvesting because the entire tree 

- stem, crown and all, is dragged to a landing where it is processed (prepared for delivery to the 

mill).  When the trees are processed in the setting, at the stump, and a forwarder is utilised, the 

system is called a cut-to-length harvesting system.   Site preparation practices utilised on these 

dry sites varies from no treatment to light impact slash re-alignment, which aids in planting and 

helps promote natural regeneration (referred to as scarification). 

 

In 2001 a site was established at 98 km on the Finlay Forest Service Road (FSR).  This site, 

which is referred to as Site 1, or 98-Mile, had the same combination of pre-treatment 

assessments conducted as were conducted at the Phillip Lakes site identified in this report.  Stand 

characteristics, coarse woody debris, general site ecology, plant community composition and 

plant community structure were assessed.  Both sites were divided into 6 treatment regimes and a 

control area.  The treatments regimes are summarized in Table 1.  In the summer of 2002 and the 

winter of 2002/03 treatment activities were implemented at the 98-Mile site (Sulyma 2003). 
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Table 1 Summary of the project treatment regimes. 

Treatment 
Regime 

Predicted 
Conditions 
for Lichen1 

Harvesting 
Method 

Harvesting 
Season 

Site 
Preparation

Regen 
Method Results of the Treatment 

1 Best Whole-tree Winter None Natural Create small amounts of debris with little disturbance to the lichen mats and 
providing a more open canopy cover during regeneration. 

2 Good Cut-to-
length Winter None Natural Create large amounts of debris with little disturbance to the lichen mats and 

providing a more open canopy cover during regeneration. 

3 Moderate Cut-to-
length Summer None Natural Create large amounts of debris with moderate disturbance to the lichen mats and 

providing a more open canopy cover during regeneration. 

4 Moderate Cut-to-
length Summer None Plant Create large amounts of debris with moderate disturbance to the lichen mats and 

providing a more closed canopy cover during regeneration. 

5 Worst Cut-to-
length Summer Drag scarify Natural Create large amounts of debris with very heavy disturbance to the lichen mats 

and providing a more open canopy cover during regeneration. 

6 Good Whole-tree Summer None Natural Create small amounts of debris with heavy disturbance to the lichen mats and 
providing a more open canopy cover during regeneration. 

1This designation is based on the premise that no disturbance provides optimal conditions for lichen growth and regeneration. 
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In this study we have focused on assessing the effects of conventional forestry treatments 

typically used, on the development of terrestrial lichen communities. Within the 2002 project 

year, one of the objectives was to establish an additional site within the Mackenzie TSA and 

have it ready for harvesting treatments to be conducted in the following year.  This report 

outlines the pre-treatment data collection for Site 31 (Phillip Lakes). 

 

Study Area Location 

The Phillip Lakes site is situated approximately 50 km west of the town of Mackenzie in the 

Mackenzie Forest District (Figure 1).  It is accessed at 3 km on the P23000 Road, which is in 

turn accessed off of the North Phillips FSR at approximately 65km.  Six treatment regimes and a 

control area were established (Table 1, Figure 12).  The site falls within UTM Zone 10, and has 

general coordinates of, northing: 6170803 and easting: 440121.  The site falls entirely within the 

Williston moist cool sub-zone of the Sub-Boreal Spruce biogeoclimatic zone (SBS mk2) 

(MacKinnon et al. 1990).   

  

The area of interest falls within Natural Disturbance Type 3 as classified in the Forest Practices 

Code of BC, Biodiversity Guidebook (Province of BC, 1995). A mosaic of even-aged stands of 

different age classes characterizes this disturbance type.  The most common form of natural 

disturbance in this type is wildfire, with a mean event interval of 125-years.  Wildfires in this

                                                 
1 Site 2 was established in the Vanderhoof Forest District in partnership with the Vanderhoof Innovative Forestry 
Practices Agreement.  Due to shifting priorities in the district resulting from the current mountain pine bark beetle 
epidemic the status of Site 2 is uncertain. 
2 Treatment regime numbers have been designed to correspond between all tables and figures within the project 
documentation. 
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Figure 1 Location map of the study area. 
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disturbance type can vary in size from a few to several thousand hectares, leaving an intricate 

patchwork of different age classes and disturbance sizes across the landscape. 

 

Methods 

Site Survey: 

In each treatment regime a point-of-commencement and an associated 75 – 100 m tie-line was 

established, from which a 300 m strip-line transect was laid out (Appendix 1). At the end of each 

300 m strip-line, a second tie-line was established and extended on a bearing and distance that 

permitted the marking of the end-point with a permanent stake. 

 

Plot centres were established with permanent pins at 50 m intervals along the strip-lines and used 

for forest stand evaluations and coarse woody debris surveys. Throughout the process, care was 

taken to avoid stepping on the south (or west) side of the strip-lines over a one-metre strip where 

vegetation plots/quadrats were established. 

 

All marker pins used for this project were 30 cm spikes with a washer and 1 m of pink winter 

ribbon attached to aid in their location after logging. The two closest trees to each pin were 

painted pink below 20 cm. The trees were marked with metal tags stating the distance to the 

marker pin and the relevant plot location information (Appendix 1). All of the marker pins were 

placed as flush as possible into the ground to prevent removal during logging.  The locations of 

the marker pins were also recorded using a global positioning satellite (GPS) unit and data was 

differentially corrected using Pathfinder Office V2.9 (Trimble Navigation Ltd., Sunnyvale CA).  
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Appendix 1 contains detailed maps with explicit spatial information for each of the treatment 

regimes. 

 

Forest Stand Evaluation:   

Fixed area plots of 200 m2 were set up at each of the six marker pins to assess forest attributes.  

The plots were centred 30 cm to the north (west) of the marker pins to avoid disturbing the 

permanent placement of them. Each tree in the plot was marked with a ribbon and given a 

number. The height, diameter at breast height (DBH), counted age and tree species were 

recorded for each tree.  The height and diameter values were used to calculate basal area, tree 

volume (Watts 1983) and tree biomass (Standish et al. 1985) for the stand.  Total stand age was 

derived by adding seven years to the counted age.  This resulted in a slight underestimate as the 

correction factor of 7 years is for stump height in pine-lichen woodlands (Sulyma and Coxson 

2001). For stems with a DBH less than 4 cm, a simple tally was kept, separating the trees 

according to species and whether they were ≥ 1.3 m or <1.3 m in height. Vegetation and soil 

overviews were also conducted at each stand plot to allow a biogeoclimatic ecosystem 

classification assessment (DeLong et al. 1993). 

 

Understorey Vegetation Evaluation:   

Understorey vegetation cover was evaluated using both ocular estimates and photo imaging of 

0.71 m X 0.71 m quadrats. To ensure broad coverage of the study area, each transect was divided 

into three 100 m sections with 14 randomly selected quadrats established in each section. The 

quadrats were established along the south edge of each strip-line. Marker pins were placed on 
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two corners at each quadrat location. For each quadrat, ocular estimates of percent cover were 

made of the vegetation to the species level before they were photographed.  

 

Photographs were taken using a 28-mm lens on a manual single-lens-reflex camera mounted on a 

tripod with a horizontal boom. Digital copies of 20 randomly selected photographs from each 

treatment regime were assessed using SigmaScan Pro 5.0 (1999, SPS Science Inc., Chicago). All 

shrub lichens (Cladina mitis, C. Rangiferina, C. Stellaris, Cladonia uncialis and Stereocaulon 

alpinum) were digitized and a cover estimate was calculated for each quadrat.  

 

Coarse Woody Debris (CWD) Evaluation:  

Coarse woody debris was evaluated using the procedure from the “Field Manual for Describing 

Terrestrial Ecosystems” (Anonymous 1998). All single pieces and piles were tallied on each 

CWD sub-transect. Piles were rarely encountered during the pre-treatment surveys; however, 

they are expected to be common after harvesting.     

 

Soil and Forest Floor Cover Disturbance Evaluation:   

A walk through assessment of the sites indicated that very little soil disturbance existed. It was, 

therefore, determined that only post harvest soil and forest floor cover disturbance will be 

measured. Disturbance will be measured using the survey methods detailed in the “Soil 

Conservation Surveys Guidebook” (Anonymous 1997) with the following modification applied. 

An additional category of disturbance termed mixing will be added for this study. The mixing 

category is intended to provide a way of noting if any of the treatment regimes result in mixing 
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of organic and mineral soil layers. The mixing of these layers is expected to provide a habitat 

that is favourable for herb growth that will effectively reduce lichen development.  

 

Data Analysis:   

Stand and site factors were assessed using ANOVA to help identify if variation existed in the 

data at this site and between this site and Site 1 in the study.  Assessments of average site values 

were supported using paired T-Test.  All values in the text are presented as the mean, plus or 

minus one standard deviation (0 ± 1SD). 

 

Results 

Results within this section focus on presenting the current data collected for Site 3 during the 

summer of 2002.  At the end of this section comparisons have been drawn against Site 1 to help 

develop a framework for future comparisons. 

 

Site 3 – Phillip Lakes 

Site 3 had typical soils, terrain and plant community characteristics of pine-lichen woodlands.  

These include well-drained sand textured soils with a poor nutrient regime and a forest 

overstorey dominated by lodgepole pine (Johnson 1981, Rowe 1984, Stevenson 1991).  The 

coarse fragment content of the soils averaged 16.4±11.94% for the surface 20 cm and 

37.4±15.6% for a depth below 20 cm.   The coarse fragments were dominated by gravel-sized 

pieces; however, cobles were also present in portions of the study area.  
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Based on soil conditions, the site was evaluated to be subxeric and nutrient poor (MacKinnon et 

al. 1990, DeLong et al. 1993). This combination of edatopic grid position places the site within 

the 02 site-series (pine- feather moss – Cladina plant association) of the SBS mk2 biogeoclimatic 

zone.  The vegetation on the forest floor, however, was not typical with reference to the age of 

the trees (180.6±20.3 yrs) and successional trends identified for pine-lichen woodlands in the 

Omineca Region (Coxson and Marsh 2001).  There was a high cover of shrub type terrestrial 

lichens, which is indicative of younger stands that are ±100 years old.  The cover of shrub lichen 

at Site 3 was 20.7±17.0% and no significant variation between treatment regimes was 

recognized.  Table 2 presents a species list and the % cover for all ground vegetation present at 

the site by treatment regimes. 

 

Variation in the mean cover of feather moss was noted between treatment regimes at Site 3 

(F(6,286)=2.56, P=0.020).  Applying a Tukey post hoc assessment (α=0.05), it was evident that 

the cover values found in treatment regimes 3-2  (3.82±14.51%) and 3-3 (7.68±18.52%) were 

lower than the cover found in 3-5 (23.83±32.16%).  

 

The average volume of coarse woody debris at Site 3 was 41.4±34.6 m3.  The average diameter 

of the pieces was 11.6±3.9 cm, and the average length was 8.7±3.9 m.  The piece size of coarse 

woody debris, based on diameters, varied between some of the treatment regimes (F(6,34)=3.55, 

P=0.008).  Values for coarse woody debris variables are presented in Table 3.  Treatment regime 

3-1 had larger diameter pieces than those found in 3-3 and 3-99.   Some variation in the mean 

volumes for each treatment regime was also expressed (F6, 34)=2.47,P=0.043).   A Tukey post 
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Table 2 Species list and mean % cover (0±1SD) of ground vegetation tallied by treatment regime. 

Site-Treatment Regime 
Assessment Group/ 
Species 

Site 3 All 
TU 

Summary 3-1 3-2 3-3 3-4 3-5 3-6 3-99 

Exposed Soil t 0.1±0.6       
Rock t  t     t 
Coarse Woody Debris 3.7±6.7 4.8±8.3 2.9±5.4 3.7±7.0 4.6±6.4 4.6±7.1 1.1±3.9 4.5±7.3 
Litter Cover 34.7±16.7 33.5±17.0 32.8±10.7 40.0±22.0 34.4±16.8 29.4±14.1 39.5±16.8 33.2±15.5 
Achillea millefolium t      t  
Arctostaphylos uva-ursi 1.6±3.0 3.0±4.3 1.6±2.5 1.5±2.7 1.4±2.8 1.3±2.7 1.6±2.6 1.1±2.5 
Barbilophozia spp. 1.9±4.5 0.8±2.6 2.9±5.5 1.2±3.6 1.6±2.8 3.0±4.5 1.1±2.6 2.5±7.3 
Calamagrostis canadensis t   t     
Cetraria ericetorum 0.5±0.7 0.5±0.7 0.8±0.9 0.4±0.5 0.3±0.5 0.5±0.5 0.5±0.5 0.7±0.8 
Chimaphila umbellata 0.2±1.6 0.6±2.7 t    0.4±2.3 0.4±2.3 
Cladina mitis 12.8±11.9 10.3±9.5 13.3±11.6 11.0±10.0 16.7±14.1 14.6±12.6 10.3±10.2 13.3±13.7 
Cladina rangiferina 5.3±6.8 6.0±7.0 7.3±8.0 5.0±6.6 5.8±7.2 3.0±3.7 4.7±7.2 5.5±6.6 
Cladonia carneola 0.2±0.3 0.1±0.1 0.1±0.2 0.2±0.2 0.4±0.5 0.2±0.3 0.1±0.1 0.1±0.2 
Cladonia cenotea 0.1±0.3 0.0±0.2 t 0.1±0.2 0.1±0.5 0.2±0.5 0.1±0.2 0.1±0.3 
Cladonia cervicornis-
verticillata 0.1±0.4 0.2±0.8 0.1±0.3 t 0.1±0.6 0.1±0.2 t 0.1±0.3 

Cladonia chlorophaea 0.1±0.2 t t t t 0.1±0.4 t 0.2±0.3 
Cladonia cornuta 0.7±1.2 0.4±0.6 0.6±0.8 0.3±0.5 1.9±2.2 0.6±0.8 0.6±0.9 0.7±1.0 
Cladonia crispata 0.7±1.4 0.5±0.8 0.8±1.2 0.4±0.6 1.0±2.4 0.7±1.1 0.4±0.5 1.2±1.7 
Cladonia deformis 0.3±0.4 0.2±0.4 0.3±0.3 0.3±0.4 0.2±0.3 0.4±0.6 0.4±0.3 0.5±0.6 
Cladonia ecmocyna 9.8±8.8 11.4±10.4 14.3±10.7 7.4±8.8 8.2±6.3 7.1±6.3 9.8±7.7 10.3±8.7 
Cladonia fimbriata 0.2±0.4 0.1±0.2 0.1±0.1 0.3±0.3 0.2±0.4 0.3±0.6 0.1±0.2 0.2±0.3 
Cladonia gracilis 0.2±1.1 0.1±0.8  0.2±0.5  0.1±0.3 0.8±2.5 0.3±1.2 
Cladonia multiformis t   t 0.1±0.3  t t 
Cladonia phyllophora 0.6±1.4 0.2±0.8 0.7±1.7 0.8±0.9 0.5±0.9 0.5±1.3 0.3±0.8 1.3±2.2 
Cladonia pleurota t  t  t t t t 
Cladonia pyxidata 0.2±0.3 0.1±0.4 0.2±0.2 0.1±0.2 0.2±0.4 0.1±0.2 0.2±0.3 0.2±0.3 
Cladonia sulphurina 0.3±1.2 0.3±0.5 0.7±3.1 0.1±0.5 0.3±0.5 0.2±0.3 0.1±0.2 0.1±0.2 
Cladonia unicalis 2.2±5.8 3.3±7.9 6.4±9.6 1.9±3.4 1.4±3.1 1.8±5.5 0.5±2.1 0.2±1.5 
Cornus canadensis 0.4±1.0 0.6±1.1 0.6±1.0 0.5±0.9 0.5±1.2 0.3±0.7 0.4±0.8 0.3±0.9 
Dicranum polysetum 0.5±2.1 1.7±4.0 0.3±1.5 0.2±0.8 0.7±2.4 0.6±1.9 0.1±0.3 0.2±1.5 
Dicranum spp. 3.3±5.8 3.2±5.2 3.7±6.5 5.5±8.8 1.1±2.3 2.8±5.8 4.7±5.2 2.5±4.0 
Empetrum nigrum 0.3±2.2 0.5±2.4  0.5±2.0 1.3±4.7    
Geocaulon lividum 0.1±0.8  0.5±2.0  t t   
Goodyera oblongifolia t   t   t  
Juniperus communis 0.0±0.5 0.2±1.2       
Linnaea borealis 1.0±2.6 1.2±2.7 1.2±3.1 1.2±2.6 0.7±1.6 0.6±1.5 2.0±4.2 0.4±1.3 
Oryzopsis asperfolia t 0.1±0.3  t   t  
Peltigera apthosa 0.6±3.1 0.4±1.5 0.1±0.5 2.0±5.5 0.3±0.9 1.0±5.2 0.5±2.0 t 
Peltigera malacea 0.7±1.3 0.3±0.7 1.2±1.5 1.0±1.6 0.1±0.3 0.4±0.8 0.8±1.7 1.0±1.4 
Pleurozium schreberi 12.7±25.3 12.8±27.1 3.8±14.5 7.7±18.5 13.5±21.5 23.8±32.2 13.7±26.0 13.5±29.9 
Polia spp. 0.1±0.4 t t 0.1±0.4 0.2±0.7 0.1±0.3 0.1±0.4 0.1±0.3 
Polytrichum juniperinum 0.7±4.1 0.5±1.5 0.7±3.9 2.4±8.7 1.0±4.8 0.3±1.3 0.1±0.3 0.2±0.5 
Ptilium crista-castrensis t   t     
Pyrolia asarifolia 0.1±0.4 0.2±0.4  0.2±0.5 0.1±0.3 0.1±0.2 0.1±0.3 0.1±0.3 
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Table 2 Cont. Species list and mean % cover (0±1SD) of ground vegetation tallied by treatment regime. 

Site-Treatment Regime 
Assessment Group/ 
Species 

Site 3 All 
TU 

Summary 3-1 3-2 3-3 3-4 3-5 3-6 3-99 

Pyrolia secunda t  0.1±0.3    t  
Rosa acicularis 0.1±0.5  0.1±0.6 t   0.2±1.0  
Salix spp. t       0.1±0.5 
Shepherdia canadensis 0.2±2.1 0.4±2.3     1.1±4.9  
Solidago multiradiata t t       
Spirea betulifolia t 0.2±0.9       
Stereocaulon alpinum 0.4±1.8 0.1±0.4 0.3±1.6 0.1±0.6 0.1±0.3 0.5±2.1 0.7±2.5 0.7±2.9 
Vaccinium caespitosum 1.4±2.7 2.4±4.6 1.4±2.8 1.1±2.1 1.1±1.8 0.9±1.3 1.3±2.3 1.5±2.6 
Vaccinium membranaceum 0.8±2.2 0.5±1.4 0.6±1.8 0.0±0.0 0.6±1.7 1.2±2.7 1.2±2.4 1.8±3.3 
Shrub Lichen Ocular Estimate 20.7±17.0 19.8±18.0 27.3±22.5 18.0±15.0 23.9±15.6 19.8±15.0 16.3±13.8 19.8±16.3 
Shrub Lichens From Photos 20.7±13.9 19.3±20.8 22.8±15.1 23.5±13.0 21.0±11.1 15.7±9.4 21.6±12.9 20.4±12.8 

 
 

 

 

 
Table 3 Mean values (0±1SD) for the coarse woody debris variables. 

Treatment Regimes Variable Site 3 Mean 
Values 3-1 3-2 3-3 3-4 3-5 3-6 3-99 

n 41 5 6 6 6 6 6 6 
Piece Size 
Diameter 
(cm) 

11.6±3.9 16.8±4.8 11.7±2.7 10.4±1.4 11.4±1.5 9.5±1.4 13.3±4.5 8.9±4.7 

Volume 
(m3/ha) 41.4±34.6 80.0±64.9 37.8±15.8 36.3±34.6 62.8±25.7 25.7±20.1 23.9±15.4 29.9±23.7 

Cover (%) 4.2±4.8 4.3±3.5 8.0±10.0 3.77±2.7 6.6±4.2 2.8±2.1 2.0±1.7 2.2±1.5 
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hoc comparison did not reveal trends, however, individual t-tests confirmed that treatment 

regime 3-4 did have significantly greater volumes than 3-5 (T(9)=2.79, P=0.021). 

 

Site 3 had a forest overstorey that was dominated by lodgepole pine with a density of 1477±420 

stems/ha that were 180.6±20.3 years old.  Tree height was 17.3±4.5 m and the diameter at breast 

height was 18.5±2.7 cm.  All stand structure variables including basal area, volume and biomass 

values for this site are summarized in Table 4.  Significant variation of the stand variables was 

identified between some of the treatment regimes.  The Basal area in treatment regime 3-3 was 

significantly less than what was found in treatment regimes 3-2 and 3-5 (F(6,35)=3.42,P=0.009).   

Significant variation about the mean height and mean age was also found between treatment 

regimes.  The trees in treatment regime 3-3 were taller than the trees in 3-5 

(F(6,35)=2.41P=0.041).  In addition the tress in treatment regime 3-3 were younger than those in 

treatment regimes 3-2, 3-6 and 3-99. 

 

Site 1 and 3 Comparisons 

Many of the ecological site factors were similar between Site 1 (98-Mile) and Site 3 (Phillip 

Lakes).  The terrain was generally flat, soils were predominantly a sand texture and tree 

overstoreys were dominated by lodgepole pine.  

 

The development of the understorey plant community, however, did differ between the two sites.  

At Site 3 the shrub lichen cover was 20.7±17.0% as compared to1.1±2.8% found at Site 1.  This 

difference was found to be statistically significant (T(308)=19.49,P<0.0001).  By contrast, the 
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Table 4 Mean values (0±1SD) for stand characterization variables. 

Treatment Regime 
Variable 

Site 1 
Mean 

Values 

Site 3 
Mean 

Values 3-1 3-2 3-3 3-4 3-5 3-6 3-99 

n 42 42 6 6 6 6 6 6 6 
Tree Species Composition (%)          

Lodgepole pine (Pinus contorta) -- 97.0±4.4 94.2±8.3 98.8±2.6 99.8±0.4 96.6±3.7 94.9±5.5 97.4±2.0 97.3±2.2 

White spruce (Picea glauca) -- 1.9±3.2 4.4±5.9 1.1±2.6 0.2±0.4 2.3±3.9 2.6±3.1 2.0±2.1 0.8±0.9 

Subalpine fir (Abies lasiocarpa) -- 1.1±2.1 1.4±2.5 0.1±0.3 0 1.1±1.3 2.5±4.5 0.7±0.5 1.9±1.6 

Stand Age (years) 152.6±11.4 180.6±20.3 178.3±15.9 197.6±13.3 152.6±24.9 172.0±9.5 177.4±11.9 192.8±8.7 193.3±16.0 

Tree Diameter (DBH) (cm) 18.5±2.7 15.3±2.3 15.4±1.6 17.6±1.8 13.8±3.3 14.4±0.7 14.5±0.8 16.0±2.5 15.0±2.8 

Tree Height (m) 17.3±2.5 14.1±2.6 13.5±1.5 15.7±1.8 16.8±3.7 13.2±0.9 13.1±1.5 13.7±2.8 12.9±3.0 

Density (stems/ha) 1226±405 1477±420 1417±316 1342±196 1358±499 1733±564 1867±548 1308±177 1316±204 

Basal Area (m2/ha) 35.7±8.0 30.6±7.4 30.84±3.4 36.03±5.0 21.8±8.2 30.7±7.7 35.0±8.2 32.3±6.0 27.8±4.1 

Volume (m3/ha) 330.6±85.6 239.6±64.7 234.0±20.1 293.6±59.2 202.5±89.4 215.2±67.4 255.6±63.8 263.8±64.2 212.3±43.7 

Biomass (tonne/ha) 194.4±44.0 155.9±40.4 156.5±16.2 189.7±30.3 111.0±48.8 149.2±38.3 174.2±40.8 169.4±35.9 141.4±25.8 
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cover of feather mosses was higher at Site 1 (69.0±24.0%) versus Site 3 (12.6±25.3%) 

(T(580)=27.62,P<0.0001). The stand structure variables indicate variation between the two sites.  

The trees at site 3 are smaller, denser and older than what were found at Site 1 (Table 4). 

 

Regarding coarse woody debris there was some variation found between the two sites.  The 

average diameter of pieces at Site 1 was 10.85±3.0 cm and at Site 3 it was 11.6±3.8 cm.  Though 

the difference between the two values was not considered statistically significant, the difference 

between the average volume of debris per hectare (18.8 m3) was (T(72)=2.03, P=0.046).  The 

average volumes at the site level were 60.2±48.2 m3 for Site 1 and 41.4±34.6 m3 for Site 3.  

 

Discussion 

Pine-lichen woodlands are characterized by a relatively unique set of ecological conditions.  

They have lodgepole pine overstoreys with poorly developed vegetation communities in the 

understorey.  They are often situated on well drained glacially modified sites that have coarse 

textured soils (Kershaw 1978).  The sites typically are very dry and have a poor nutrient regime 

(Johnson 1981, Rowe 1984, Stevenson 1991, Sulyma 2001).  Within these parameters, however, 

a range of conditions can exist in which terrestrial lichens can survive. 

 

Lichen types can be classes along a continuous gradient that ranges from mesic lichen types to 

xeric-non-successional types (Figure 2).  The majority of lichen types within the Omineca region 

fall within the middle group identified in Figure 3 as successional lichen types.  Successional 

lichen types are characterized by four phases of succession (Coxson et al. 1999, Coxson and 
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Marsh 2001).  After disturbance they are dominated by acrocarpous mosses.  These eventually 

give way to club lichens (e.g. Cladonia ecmocyna), which are then replaced by shrub lichens 

(e.g. Cladina mitis).  In the final phase of succession the shrub lichens are replaced by feather 

moss communities (Coxson et al. 1999, Coxson and Marsh 2001, Sulyma and Coxson 2001, 

Sulyma 2002). 

 

I speculate that a mesic-lichen type goes through the same succession phases as a successional 

lichen type, except that it progresses to the feather moss stage much more rapidly.  Where 

succession to the feather moss stage may take 140 years in a successional type (Coxson and 

Marsh 2001), succession in a mesic lichen type may only take 70 years.  Conversely, xeric-non-

successional lichen types have extreme conditions that preclude the development of vegetation 

other than terrestrial lichens and will likely never succeed to a feather moss stage. 

 

The primary driving factors influencing the type of lichen woodland that occurs at a site are 

associated with mineral soil properties.  Sulyma (2001) found that the cover of terrestrial lichens 

in young stands was correlated with soil texture.  The greater the content of silt and clay sized 

particles in the soil matrix, the lower the cover of terrestrial lichens.  The smaller particles, and 

consequent pore size, increases the moisture holding capacity and enrich the nutrient  
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Figure 2 Graphical representation of  the characteristics of a single age stand given different lichen type 
classifications.
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capacity of the soil (Brady 1984).  This improves the condition of the growing medium allowing 

bryophytes and vascular plants to grow.  An increase in the coarse fragment content has a similar 

effect as a reduction in the content of fine particles (silts and clay).  The nutrient status is reduced 

and the size of inter-particle spaces are increased, which improves soil drainage.     

  

Each of the different types of pine-lichen woodlands has a different sensitivity to disturbance 

events.   The xeric-non-successional types are the least sensitive and are not expected to have a 

significant change in the forest floor plant community after mechanical disturbances have taken 

place.  By contrast, the mesic-lichen types are presumed to be very sensitive.  In these types, 

mechanical disturbances that modify surface soil properties can result in better conditions for 

vegetation other than terrestrial lichens. 

  

Two pine-lichen woodlands have now been sampled under this adaptive management project 

within the Mackenzie Forest District.  Prior to establishing the second site, reconnaissance work 

was conducted in several areas around the district in hopes of finding a replicate of Site 1.  The 

Phillip Lakes site (Site 3) represented the most similar ecological conditions to Site 1 out of the 

areas reconnaissance work was done.  The pine-lichen type however was different.  As identified 

in Figure 2, Site 1 is situated to the left of a typical successional lichen type where as Site 3 is 

situated closer to the xeric-non-successional type.  The differences between the types of lichen 

stands expressed at each site were evident by the stand characteristics that were measured.    

 

Both Site 1 and Site 3 are situated in the Williston moist cool sub-zone of the Sub-Boreal Spruce 

biogeoclimatic zone (SBS mk2).  They are both characterized by the pine-feather moss-Cladina 
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plant association. Both sites are on level ground and have coarse textured sand soils, however, 

Site 3 has a higher component of coarse fragments in the soil.  The compositions of the plant 

communities are similar but the percent cover of the different species varies between the two 

sites.  Site 3 has a more dominant lichen community on the forest floor, where as Site 1 is moss 

dominated.  The herb and shrub layers at Site 3 are better developed and the trees are generally 

larger. 

 

Many of the differences between the two sites are likely related to the variations that were 

noticed in the soil properties.  In particular, a poorer nutrient regime at Site 3 resulted in a poorly 

developed overstorey, which did not provide the adequate shelter to permit mosses, herbs and 

shrubs to grow.   

 

Some of the variation between the two sites was also attributed to different disturbance histories.  

At Site 1 the stand experienced a stand destroying fire approximately 146 years ago.  This 

resulted in a stand with a relatively uniform age distribution of trees across it.  At Site 3, the last 

fire did not destroy the tree layer.  This was evident as many trees were fire scarred and the age 

of the tree layer across the site was variable.  The fire scarred trees were approximately 230 years 

old.  Non-fire scared co-dominants ranged from 110 to 190 years old.  Based on personal 

observations in both the Omineca and Entiako regions of the province, better-developed lichen 

communities tend to be present on sites that have experienced ground fires.  This could be a 

contributing factor to the high cover of lichens found at Site 3. 
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Even though there is variation between the two sites that have been sampled, information from 

both of them is important in developing management objectives for pine-lichen woodlands.  Both 

sites have a similar ecological potential in that they provide the conditions necessary to support 

the same lodegpole pine-feather moss-Cladina plant association.  At Site 1, the project will help 

us determine if forestry activities can be used as a tool to produce a complement of conditions 

that promote the rejuvenation of terrestrial lichens.  Or, in other words, does disturbance in a 

lichen type that is moss dominated create habitat favourable for terrestrial lichens to grow.  I 

anticipate that the existing cover of terrestrial lichens will be maintained through the treatment 

phases at Site 1 and that an increase in the cover of terrestrial lichens will be evident in the years 

immediately following the treatments.   

 

Information collected from Site 3 will tell how terrestrial lichens react/respond to forestry 

activities.  Forestry activities are often considered detrimental to lichens because the mechanical 

disturbance(s) can kill them (Harris 1996, Kranrod 1996, Miege et al. 2001).  Removal of the 

forest overstorey takes away protection from solar radiation resulting in mortality of lichens due 

to overexposure.  Contrary to these factors, disturbance from forestry activities may provide a 

necessary event in order to perpetuate lichens.  Forestry activities can create suitable microsites 

for lichens to anchor and grow, as well, they may aid vegetative reproduction by creating lichen 

fragments that can be easily dispersed (Sulyma 2001).  Even with the most favourable 

combination of treatment activities a decline in the cover of terrestrial lichens are expected after 

harvesting.  However, within 20 to 30 years the cover is expected to rebound to pre-harvest 

levels or better (Sulyma 2001). 
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Not all forms of mechanical disturbance will have equal effects on terrestrial lichen 

communities.  Processes, such as mixing, that enrich soil properties and favour the growth of 

bryophytes and vascular plants will be detrimental to terrestrial lichens.  The magnitude of 

impacts varies depending on the lichen woodland type.  Xeric-non-successional types can absorb 

some disturbance that is detrimental to lichens.  Mesic-lichen types, however, cannot.  The 

information collected under this study will improve our understanding regarding how terrestrial 

lichens, and the different lichen types respond to disturbance.  This information can then be used 

to develop precise and measurable management objective for pine-lichen woodlands that are 

used by northern caribou. 
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Appendix 1:  Phillip Lakes Map Set 
• Key Map 
• Site Map 
• Treatment Regime Maps 

 




















