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ABSTRACT 

Pine-lichen woodlands are an important resource with multiple resource demands on 
them.  They provide critical winter range for northern caribou, and a source of fibre for 
forestry operations that is not limited by seasonal constraints.  In 2001 an adaptive 
management project was established to collect information on the influence of forestry 
activities on terrestrial lichen community development.  The project focuses on three key 
interactions and the corresponding relationships with lichen ecology.  These are: 

• effects of forestry treatments on mineral soil and forest floor disturbance; 
• effects of forestry treatments on organic debris and coarse woody debris 

accumulation; and, 
• effects of tree density and patterns of stocking on irradiance (light intensity at the 

forest floor). 
The project is entering the monitoring phase of the adaptive management process.  
Activities previously undertaken included the pre-harvest sampling of ecological site 
factors at 3 sites, implementation of treatment activities at 2 sites, and the collection of 
post-harvest data at one site.  This report summarizes the monitoring activities 
associated with the post-harvest data collection at Site 1:98 Mile.   
 
The data collected was used to determine if our initial predictions regarding treatment 
effects was correct.  In future years it will also be used as a base line to measure the 
response of the developing vegetation community.  The findings support the 
relationships predicted during the set-up of this project.  With regards to harvesting 
systems we confirmed that debris accumulations are greater where cut-to-length 
systems are used as compared to whole-tree systems.  And, we also confirmed that 
there was less site disturbance from harvesting in the winter versus harvesting in the 
summer.  In addition, the summarized data was used to update a basian belief network 
(Netica model) that forecasts trends associated with forestry interactions on the ability of 
a site to provide lichen as a source of forage for northern caribou.   
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INTRODUCTION 

Throughout much of north-central British Columbia pine forests situated on dry nutrient 
poor sites provide an ecological niche suitable for the development of terrestrial lichens.  
The lichens on these sites provide an important source of winter forage for northern 
caribou (Rangifer tarandus) (Cichowski 1993, Johnson et al. 2000).  These sites also 
provide an important source of fibre for local mills.  In the Omineca region of north-
central British Columbia pine-lichen woodlands are dominated by coarse textured soils 
that have good traficablility.  In turn, they can be operated on in wetter seasonal 
conditions making them good for balancing fibre flow. 
  
The multiple uses of pine-lichen woodlands have prompted several questions related to 
the management of them.   Most notably, it is often questioned how can forestry 
activities be conducted without damaging the lichen supply for caribou.  In general 
forestry activities are considered to have detrimental impacts on lichen development 
(Rowe 1984, Kranrod 1996).  This however, is not always the case.  In a retrospective 
study conducted in the Mackenzie TSA it was noted that lichen cover did not always 
suffer from forestry actions (Sulyma 2001).  The documentation of the activities that 
were implemented on the sites in the retrospective study, however, was not sufficient to 
provide a clear picture regarding the ecological processes that took place to maintain the 
lichen cover.   
 
Subsequent to the retrospective assessment, this adaptive management trial was set up 
to answer questions pertaining to the influence of forestry on lichen ecology (Sulyma and 
Wawryszyn 2001).  The study area currently contains 3 sites where pre-harvest field 
data has been collected (Sulyma 2002, Sulyma 2003b, a).  Harvesting is complete at 
two of the three sites and the third site is scheduled for harvesting activities in 2004.  
Post harvest field data has only been collected at Site 1; in turn, the purpose of this 
report is to summarize the data that was collected at that site. 
 
In the development of the adaptive management plan a basian belief network (Netica) 
was utilized to forecast the impacts of ground disturbance and debris accumulation 
towards the lichen community development.  The summarized data in this package was 
used to update specific components of the sub-model.  In particular relationships 
between disturbance mechanisms, debris loading and organic matter characteristics 
were updated to reflect initial findings of the field data and survey methodologies. 

STUDY AREA 

The project study area is comprised of three blocks located in the Mackezie and 
Vanderhoof areas of north-central British Columbia (Figure 1).  Two of the blocks were in 
the Sub-Boreal Spruce biogeoclimatic zone and the third was in the Sub-Boreal Pine 
Spruce zone.  Assessment of soils, stand structure, plant community composition and 
plant community development indicate that sites in the Vanderhoof and Mackenzie areas 
exhibit similar ecological characteristics (Sulyma 2002).  All of the associated 
biogeoclimatic units and variants were identified to be within Natural Disturbance Type 3 
as classified in the Forest Practices Code of BC, Biodiversity Guidebook (Province of 
British Columbia 1995). This disturbance type is characterized by a mosaic of even-aged 
stands of different age classes.  The most common form of natural disturbance in this 
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type is wildfire. Wildfires in this disturbance type have a mean event interval of 125-
years and 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. 
 
All activities documented in this report were completed at the 98-Mile site.  This site is 
located ±70 km northwest of the town of Mackenzie in the Mackenzie Forest District 
(Figure 1).  It is situated near 98 km on the Finlay Main, which is also at the junction of 
the Manson Forest Service Road (FSR) with the Finlay.  Six treatment regimes and a 
control area were established at this site (Table 11, Figure 1).  The site falls within UTM 
Zone 10, and has a general coordinates of, northing: 6168365 and easting: 447151. The 
site falls entirely within the Williston moist cool sub-zone of the Sub-Boreal Spruce 
biogeoclimatic zone (SBS mk2) (MacKinnon et al. 1990).   

METHODS 

Survey procedures that have been developed for this project focus on answering 3 key 
questions.  The first question is about how the disturbance/displacement of the organic 
mat influence lichen development.  The second question focuses on the effects of debris 
accumulation towards lichens and the third is about the influence of stand development 
and how it relates to the interception of solar radiation.  The surveys applied under this 
report focused on collecting data to prepare answers for the first 2 questions.   The state 
of vegetation cover was also monitored under this years activities; however, stand 
structure was not. Though stand development is an important aspect in determining the 
suitability of a site for lichens it was deemed too recent after harvesting to collect 
meaningful data. 
 

Vegetation Quadrat (and transect) Re-establishment   

In August and September of 2003 all pre-harvest transects and quadrats were 
permanently re-established.  All activities followed protocols outlined in Adaptive 
management of forestry practices in pine-lichen woodlands in north-central BC: Site1 
(98-mile - Mackenzie) and Site 2 (Malaput - Vanderhoof) pre-treatment summary 
(Sulyma 2002).  The only variation between the pre-harvest surveys and permanent 
establishment of quadrat locations, was that ±0.5 m rebar was used in place of 0.25 m 
spikes.  The rebar was inserted into the ground ±0.25 m and a plastic identification tag 
was attached to the leading piece of rebar for each quadrat relative to the transect 
direction (Figure 2). 
 
The rebar was positioned to provide a fixed reference to locate the quadrat frame on and 
to provide consistency for subsequent year’s measurements.  The procedure used to 
replace the spikes for rebar was to remove the leading spike and put rebar in the exact 
position of the spike.  The second piece of rebar at each quadrat was then located by 
setting the quadrat into the desired position and inserting the second piece of rebar tight 

                                                      
1 Treatment regime numbers have been designed to correspond between all tables and figures within the 
project. 
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Figure 1.  Location map of the study area. 
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Table 1.  Summary of the project treatment regimes. 

Treatment 
Regime2 

Predicted 
Conditions 
for Lichen1 

Harvesting 
Method 

Harvesting 
Season 

Site 
Preparation

Regeneration 
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 
provide 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 
provide 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 provide 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 provide 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 provide 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 provide a more open canopy cover during regeneration. 

7 Moderate Whole-tree Summer None Plant Create small amounts of debris with heavy disturbance to the lichen mats 
and provide a more closed canopy cover during regeneration. 

8 Worst Whole-tree Summer Drag scarify Natural Create small amounts of debris with very heavy disturbance to the lichen 
mats and provide a more open canopy cover during regeneration. 

9 Worst Whole-tree Summer Drag scarify Plant Create small amounts of debris with very heavy disturbance to the lichen 
mats and provide a more closed canopy cover during regeneration. 

1This designation is based on the premise that no disturbance provides optimal conditions for lichen growth and regeneration. 
2 The treatment regimes highlighted by shading are the 6 regimes that were implemented at Site 1. 
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into the corner of the frame (Figure 2).  Ocular estimates of vegetation cover, exposed 
soil, rock, litter and coarse woody debris were completed and recorded in the field into 
excel spreadsheets.  Photographs of each quadrat were taken and if the quadrat had 
lichen in it, a quadrat reference map was made using Pocket Painter© V1.5© (Figure 3). 
 
Digital copies of the photos from the vegetation quadrats were digitized and a percent 
cover of shrub lichens2 was determined using SPSS Inc. SigmaScan Pro V5© (Figure 
4).  Data was summarized in excel spreadsheets. 
 
Approximately 17% of the quadrats did not retain the marking spikes through the 
treatment activities.  Where this occurred the re-establishment of the quadrats was 
based on tight-chain measurements.  These measurements were fixed to tie points that 
were established during the pre-harvest surveys. 

Coarse Woody Debris (CWD) Evaluation  

Coarse woody debris was evaluated using the procedure from the “Field Manual for 
Describing Terrestrial Ecosystems” (Anonymous 1998). In each treatment regime three 
CWD plots, each consisting of two, 24-metre sub-transects, were re-established based 
on the random bearings determined for the pre-harvest measurements (Sulyma 2002). 
The information gathered for each piece/pile of CWD was tallied in an excel 
spreadsheet.  

Soil/Organic Mat Disturbance Survey 

The survey procedures to assess changes that occurred at the forest floor were founded 
on protocols for measuring soil disturbance outlined in the Soil Conservation Guidebook 
(Province of British Columbia 2001).  Modifications were made to the procedures to 
allow for a focus on disturbance made to the organic mat.  Applying the changes it was 
possible to quantify the disturbances considered to be detrimental to lichen productivity 
rather than soil productivity.   
 
In each treatment regime a systematic point sample grid was established (Figure 5). The 
sampling grid was created using DNR Random Sample Generator©  an extension for 
ESRI’s ArcView3.2©. The grid was then uploaded to a Garmin™ Map76S handheld 
GPS unit equipped with an external antenna. The GPS unit was utilized to navigate to 
each plot centre. At the plot centre, a waypoint was collected to ensure that the map 
reflected the actual position of each plot. 

                                                      
2 The shrub lichen functional group consists of Cladina mitis, C. rangiferina, C. stellaris, Cladonia uncialis, 
and Stereocaulon alpinum. 
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Figure 2.  Overview of the establishment of permanent quadrat locations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 3. Example of quadrat map used for documenting lichen locations in the field 

This is an example of the 
quadrat maps that were 
developed for each quadrat 
that contained terrestrial 
lichen.  The maps were 
created using Pocket Painter 
on an iPaq pocket PC.  The 
intent was to provide a 
reference for locating small 
lichen thalli, when doing 
photo-digitizing assessments. 
In addition, the maps will be 
used in the field for 
subsequent assessments. 
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Figure 4. Examples of pre- and post-harvest photographs used in the photo-imaging exercise 
to document changes vegetation cover and composition in the 0.5 m2 (0.71 m x 0.71m) 
sample quadrats. 
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Figure 1.  Soil/Organic mat survey sample plan design. 

TR 99 
Control Area
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Two 30 m transects were established at each plot centre.  The first transect was 
established on a random bearing, and the bearing for the second transect was 
determined by adding 90° to the first bearing. Distances along the transects were 
measured utilizing a 30 m metal Spencer’s Logging Tape.  Point observations were 
made at each metre mark and recorded into Pocketsoft.ca abcDB V5© database 
program. 
 
Codes tallied for observations were adopted from the Soil Conservation Guidebook 
(Province of British Columbia 2001).  Four additional codes were developed.  All codes 
are summarized in Table 2.  During the analysis, codes were group into 3 categories.  
Category 1 codes (OM Undisturbed) were considered to have little or no impact to the 
lichen  (forest floor) mat.  Category 2 (OM Displaced) codes were associated with 
displacing lichen from a microsite and generally result in the exposing of bare mineral 
soil.  Category 3 codes (OM Buried) were associated with the burying or smothering of 
lichen by debris.   The category 3 codes were considered the most detrimental towards 
lichen community development.  
 
 
 

Table 2. Summary of forest floor disturbance codes 

Code Code Definition Code Description Category Category 
Description 

x Not surveyed -- -- -- 

e Repeated machine 
traffic 

forest floor in tact, little to no disturbance to 
OM1 mat. 1 OM Undisturbed 

- Undisturbed -- 1 OM Undisturbed 

t Wheel or track rut forest floor displaced 2 OM Displaced 

g Deep gouges forest floor displaced 2 OM Displaced 

l Long gouges forest floor displaced 2 OM Displaced 

w Wide gouges forest floor displaced 2 OM Displaced 

v Very wide scalp forest floor displaced 2 OM Displaced 

s Wide scalp forest floor displaced 2 OM Displaced 

n Light Litter 
dispersed needles and fine branches, light 
litter does not impede the growth of lichens 

and mosses 
2 OM Undisturbed 

c Coarse woody debris logs on ground surface (not elevated) – 
cover OM mat 3 OM Buried 

m Moderate debris 

accumulations of needles, and fine 
branches up to a depth of 5cm, forest floor 
100% covered, impedes moss and lichen 

growth 

3 OM Buried 

p Heavy debris (piles) 
accumulations of all sizes of debris, 100% 

ground coverage, greater than 5cm in 
depth. 

3 OM Buried 

1OM = Organic matter 
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Netica Updates 

In the adaptive management plan (Sulyma and Wawryszyn 2001) predictions for 
treatment outcomes were made using Netica©; a computer program used to model 
Bayesian belief networks.  Relationships from field data were compared against the 
predicted relationship used in the original Netica model.  The model was subsequently 
updated based on trends found within the new data set. 
 

Analysis 

In the field all data was entered directly into either spreadsheets or database programs 
on an iPaq™ PocketPC.  The information was downloaded to a desktop PC and then 
summarized using Microsoft Excel© and/or Microsoft Access©.  Statistical tests were 
completed with Minitab V11©.  Values presented in this document have the format: 
mean ± 1 standard deviation (0±1SD). All tests were applied with an α=0.05.  Tests for 
simple effects evaluating the influence of treatments between the pre- and post-harvest 
datasets were conducted using one-way ANOVA.  Tukey’s HSD (honestly significant 
difference) comparisons were used to detect differences between groups when 
population variances were considered equal.  In instances where population variances 
were not equal t-tests were used at a treatment level to indicate significance.    
 
Effect sizes were also calculated for each statistical test.  The effect size is a measure to 
express the strength of the statistical findings.  Eta (η2) was calculated for f-stats where 
η2 ≈ 0.02 is considered small, η2 ≈ 0.15 is medium, and a η2 ≈ .35 is large.  For t-
statistics the point biserial correlation coefficient (ρpb) was calculated where 0.1, 0.24 
and 0.37 represent effect sizes of small, medium and large respectively (Kirk 1996).  
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RESULTS 

Vegetation Quadrats 

Treatment activities resulted in an overall decease in the abundance of the vegetation on 
the site.  Table 3 provides a summary of both pre- and post-harvest covers of the 
vegetation that was tallied in all quadrats.  This table summarizes values by the 
individual treatment units.    
 
Four vascular plant species indicated weak trends of a potential increase in cover.  
These were Amelanchier alnifolia, Calamagrostis canadensis, Rosa acicularis, and 
Vaccinium membranaceum.  Of these, Calamagrostis Canadensis was the only species 
to increase in cover across all treatment regimes.  
 
The cover of feathermoss3 in all treatment regimes showed a significant decrease as a 
result of implementing the treatments (F(13,56)=42.39, P<0.01 02=0.49).  Likewise, a 
decrease in lichen4 cover was evident across all treatment regimes, however, a 
significant decrease was only noted in treatment regime 1-5 (T(38)=3.18, P=0.003   
ρpb=0.45) which was the only treatment unit to be drag scarified. 
 
In addition to the cover of vegetation, the amount of exposed mineral soil, coarse woody 
debris and litter was also tallied at each quadrat (Table 3).  The amount of exposed 
mineral soil increased significantly in treatment regimes 1-5 and 1-6 (F(13,566)=15.87, 
P<0.001 η2=0.27) (Table 4).  The percent cover of coarse woody debris generally 
increased in all treatment regimes, however, TR 1-5 was the only area found to have a 
significant difference between the pre- and post-harvest levels (F(13,566)=4.96, P<0.001 
η2=0.10) (Table 4). The amount of litter cover increased across all treatment regimes 
and was considered to have significant variation between pre- and post- harvest means 
in all treatment regimes except TR1-6 (F(13,566)=41.53, P<0.001 η2=0.48) (Table 4). 

Coarse Woody Debris 

Coarse woody debris levels increased across all treatment regimes.  The values for 
each are summarized in Table 5.  The areas where cut-to-length harvesting systems 
were applied generally had higher volumes compared to the areas where the whole-tree 
harvesting system was used.  However the only comparison that registered as a 
significant difference was the comparison between pre- versus post-harvest volumes 
tallied in TR1-5 (T(8)=2.92, P=0.02 ρpb=0.71).  Large variations were encountered 
between plots in all of the treatment regimes.  The effect of this is the lack of significant 
findings within the dataset. 

                                                      
3  The feathermoss functional group for this study consists of Hylocomium splendens, Pleurozium schreberi, 
and Ptilium crista-castrensis. 
4 Lichen cover was assessed as a measure of all shrub lichens and as a measure of total lichen cover.  The 
shrub lichen functional group consists of Cladina mitis, C. rangiferina, C. stellaris, Cladonia uncialis, and 
Stereocaulon alpinum. 
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Table 3. The mean percent cover (0±1SD) of plant species tallied in the vegetation quadrats. 

Treatment Regime (n) 1-1 (n=42) 1-2 (n=42) 1-3 (n=42) 1-4 (n=42) 1-5 (n=39) 1-6 (n=41) 1-99 (n=41) 

Survey 
pre-

harvest 
post-

harvest 
pre-

harvest
post-

harvest
pre-

harvest 
post-

harvest
pre-

harvest
post-

harvest 
pre-

harvest
post-

harvest
pre-

harvest
post-

harvest
pre-

harvest
post-

harvest
Soil    0.4±2.0  0.7±2.2  0.8±2.6  10.7±18.3  17.9±26.4  t 
CWD 2.4±5.6 3.8±6.3 2.5±5.7 5.8±11.2 4.2±8.0 6.4±11 3.5±7.1 9.2±9.8 3.4±6.5 10.6±11.2 4.0±7.2 5.7±9.6 1.3±4.1 0.9±2.7 
Litter 16.2±9.2 52.3±24.8 19.3±11.1 65.5±23.6 22.9±17.3 61.6±31 18.8±15.9 62.3±29.2 14.9±13 62.9±22.7 19.6±12.3 31.5±19.8 22.8±21.5 23.3±18.7
Amelanchier alnifolia t t 0.6±3.9 0.1±0.8 t 0.2±1.2  t    t  t 
Aralia nudicaulis       t        
Arctostaphylos uva-ursi 1.2±4.0 0.3±1.2 0.9±2.5 0.3±1.3 1.0±2.3 0.8±2.2 0.9±1.9 0.7±2.3 1.6±2.7 t 5.2±6.5 1.4±3 1.7±3.4 0.5±0.9 
Arnica Cordifolia    t           
Barbilophozia spp. 0.4±1.3  0.2±1.1  0.9±4.7  0.3±1.0  0.6±2.1  0.4±1.7 t 0.3±1.5 0.5±3.1 
Calamagrostis canadensis  t  t  t  t   t t  t 
Cetraria ericetorum    t t  t  t  t   t 
Chimaphila umbellata       0.1±0.8 t t      
Cladina mitis 0.6±1.5 0.3±1.6 0.1±0.5 t 0.2±0.5 t 0.1±0.5 0.2±0.7 1.2±2.7 t 0.6±1.7 0.4±1.3 0.5±1.2 0.4±0.8 
Cladina rangiferina 0.4±1.2 0.2±0.8 0.3±1.0 0.1±0.6  t 0.2±0.7 t 1.1±2.3 t 0.8±2.1 0.4±1.2 1.1±2.2 0.7±1.8 
Cladina stellaris t  t      t      
Cladonia carneola t t t t   t t     t  
Cladonia cenotea             t t 
Cladonia chlorophaea   t t       t t  t 
Cladonia coccifera               
Cladonia cornuta t t t t   t  t  t t t  
Cladonia cornuta            t   
Cladonia ecmocyna 0.1±0.6 t 0.1±0.5 t t t t t 0.3±0.7 t 0.2±0.6 t 0.1±0.4 t 
Cladonia fimbriata  t  t t          
Cladonia gracilis             t  
Cladonia multiformis  t             
Cladonia pleurota    t       t    
Cladonia sulphurina t t t t t    t  t    
Cladonia uncialis          t t t t t 
Cornus canadensis 6.3±4.5 2.7±2.1 3.5±3.0 1.5±1.6 3.7±3.5 1.6±2 3.8±3.5 1.6±2.0 0.6±2.0 0.3±0.9 9.3±10.5 4.4±3.7 3.4±3.3 2.8±3.1 
Dicranum polysetum 4.7±9.5 1.3±4.0 4.9±7.7 2.7±6.6 2.0±3.7 0.6±2.5 1.5±2.2 0.4±1.2 4.0±4.7 0.3±0.5 6.6±8.3 3.7±5.1 2.1±3 4.1±5.4 
Dicranum spp.  1.0±6.2      0.2±0.7  t  0.6±3.4 0.2±1.1  
Epilobium angustifolium 0.2±0.7 t   0.1±0.5 0.2±1.1 t t       
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Table 3. Continued. 

Treatment Regime (n) 1-1 (n=42) 1-2 (n=42) 1-3 (n=42) 1-4 (n=42) 1-5 (n=39) 1-6 (n=41) 1-99 (n=41) 

Survey 
pre-

harvest 
post-

harvest 
pre-

harvest
post-

harvest
pre-

harvest 
post-

harvest
pre-

harvest
post-

harvest 
pre-

harvest
post-

harvest
pre-

harvest
post-

harvest
pre-

harvest
post-

harvest
Fragaria virginiana         t      
Geocaulon lividum 1.6±1.9 0.3±0.6 1.7±2.2 0.4±0.9 1.6±2.2 t 1.2±1.6 t 0.9±1.5 t 1.2±1.6 t 1.7±1.7 1.0±1.0 
Goodyera oblongifolia     t  t      t t 
Hylocomium splendens 4.6±13.4 2.0±7.4 3.5±12.2 0.2±1.2 1.4±3.7 0.5±2.2 6.7±16.3 1.1±5.4   1.1±4.9 0.1±0.8 0.2±0.8 0.4±2.3 
Juniperus communis 0.2±0.8 t 0.5±2.4 t   0.2±1.5  0.3±1.6   0.2±1.6   
Linnaea borealis 1.2±2.1 0.4±1.0 1.3±2.0 0.4±0.8 0.7±1.4 0.2±0.4 1.0±2.0 0.3±1.6 1.6±2.6 0.1±0.4 3.9±7.2 0.7±1.3 3.6±5.9 2.4±4.5 
Lycopodium complanatum 0.5±2.1 0.1±0.7 1.7±6.9 0.6±3.1 3.2±6.8 0.8±2.1 1.0±2.8 t 2.0±4.2 0.2±0.7 1.5±5.0 1.4±5.1 4.5±8.9 5.6±12.1
Melampyrum lineare   t  0.2±0.8  t     t t  
Oryzopsis asperfolia 0.3±0.8 t 0.2±0.5 t t 0.1±0.4 0.1±0.3 t t t 0.1±0.3 0.1±0.4 0.2±0.5 0.2±0.4 
Oryzopsis pungens t t t t t 0.1±0.4 0.2±0.5 0.1±0.4 t t t 0.1±0.3 t t 
Peltigera apthosa 0.8±2.7 t 0.7±2.5 0.1±0.6 0.1±0.6  0.3±0.9  0.5±2.4 t 0.5±2.4 t 2.5±6.3 2.2±6.9 
Peltigera malacea 0.8±2.6 0.1±0.5 0.8±2.6 0.1±0.8 0.8±1.8 t 0.2±1.2 t 1.9±3.1  2.6±4.1 0.5±1.9 0.2±1.1 0.9±3.2 
Pleurozium schreberi 69.6±24.6 28.4±26.1 66±23.8 21.4±19.9 66.8±19.9 25±28.4 64.8±27.4 21.3±26.6 74.9±19.6 8.3±7.8 56.5±29.1 22.7±24.5 61.8±30.2 44.6±27.7
Polia spp.    t     t   t   
Pyrolia asarifolia t t t   t t t 0.1±0.5 t t  t 0.2±0.5 
Pyrolia secunda t  0.1±0.5 t 0.2±0.7  t t t  t  t t 
Rosa acicularis 0.3±0.7 0.1±0.2 0.4±0.8 0.2±0.7 0.4±0.7 0.5±0.9 0.3±0.7 0.4±1.2 0.4±0.8 0.4±1.0 0.5±1.1 0.4±0.8 0.7±1.3 0.4±0.7 
Salix spp.           0.6±3.9 0.6±3.9 t 0.5±3.1 
Shepherdia canadensis 4.7±6.7 2.8±4.2 7.7±9.5 2.2±2.8 4.1±6.2 1.6±3.1 4.0±4.5 1.0±2.0 2.5±4.9 0.4±1.2 4.4±7.5 2.6±5.8 2.6±3.5 1.9±3.0 
Solidago multiradiata         t  t t   
Spirea betulifolia 0.4±1.0 0.1±0.3 1.0±2.3 0.3±1.0 0.3±0.8 0.2±0.5 0.9±1.8 1.0±2.0 0.1±0.5 t 0.4±1.1 t 0.8±1.6 0.3±0.6 
Stereocaulon alpinum     t    0.1±0.8      
Vaccinium caespitosum 0.8±1.8 0.4±1.3 0.3±0.8 t 0.6±1.0 0.2±0.5 0.2±0.6 0.2±0.4 0.4±1.5 t 1.4±2.9 0.7±1.6 0.5±0.9 0.5±0.7 
Vaccinium membranaceum  t        t    0.1±0.6 
Vaccinium myrtilloides 1.3±3.3 0.6±1.2 3.1±6.6 1.6±2.9 1.8±3.3 1±1.9 4.5±6.3 3.2±4.7 5.9±5.4 2.0±3.3 0.5±3.1 0.2±1.2 3.5±4.3 2.9±3.9 
Vaccinium vitis-idaea 2.1±2.7 1.0±2.1 0.7±1.8 0.3±0.8 0.7±1.7 0.2±0.8 1.0±3.5 t   0.5±1.9 t 0.2±0.4 0.1±0.3 
Viburnum edule t  t  t t 0.3±1.6 0.2±0.6   0.3±1.6 t t t 
Polytrichum juniperinum     t      t t 0.1±0.8 0.2±1.3 
Ptilium crista-castrensis 0.3±1.6 0.1±0.8 0.3±1.6 t 1.1±2.8  1.7±10.8 0.2±1.5 t  0.3±1.6  1.9±5.7 2.7±8.3 
Shrub Lichens from Photos 0.4±1.3 0.2±1.0 0.2±0.6 t 0.1±0.4 t t t 0.7±1.6 t 0.7±2.1 0.3±0.7 0.5±1.3 0.6±1.5 
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Table 4. Mean percent cover (0±1SD) of pre- and post-harvest levels of exposed soil, coarse 
woody debris, and litter for each treatment regime as tallied in the vegetation quadrats. 

  % Cover 
 

Treatment 
Regime n Pre-harvest Yr-1 Post Harvest 

1 42 0.0 0.0 
2 42 0.0 0.4±2.0 
3 42 0.0 0.7±2.2 
4 42 0.0 0.8±2.6 
5 39 0.0 10.7±18.2 
6 41 0.0 17.9±26.4 

Exposed 
Mineral 
Soil 

99 41 0.0 0.02±0.2 
1 42 2.4±5.6 3.8±6.3 
2 42 2.5±5.7 5.8±11.2 
3 42 4.2±8.0 6.4±11.0 
4 42 3.5±7.1 9.2±9.8 
5 39 3.4±6.5 10.6±11.2 
6 41 4.0±7.2 5.7±9.6 

Coarse 
Woody 
Debris 

99 41 1.3±4.1 0.9±2.7 
1 42 16.2±9.2 52.3±24.8 
2 42 19.3±11.1 65.5±23.6 
3 42 22.9±17.3 61.6±31.0 
4 42 18.8±15.9 62.3±29.2 
5 39 14.9±13.0 62.9±22.7 
6 41 19.6±12.3 31.5±19.8 

Litter 

99 41 22.79±21.5 23.3±18.7 
 
 
 

Table 5. Mean volumes (0±1SD) of pre- and post-harvest coarse woody debris by treatment 
regime. 

  Mean Volume/ha (m3) 
Treatment Regime n Pre-harvest Yr-1 Post Harvest 

1 6 54.5±26.9 59.5±30.4 
2 6 55.1±55.9 86.4±57.2 
3 6 110.1±45.5 120.5±42.0 
4 6 89.1±52.5 114.7±52.9 
5 6 24.02±18.5 64.2±28.1 
6 6 81.6±17.8 92.3±41.1 

99  10.0±8.5 13.4±14.7 
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Soil/Organic Mat Disturbance 

The forest floor disturbance survey utilized 12 codes to characterize the conditions 
resulting from implementation of the study treatments (Table 2).  Results of the 12 
classes were summarized in Table 6.  The 12 codes were further classed into 3 groups 
relative to the effect the disturbance would have on terrestrial lichen.  Significant 
variation about the mean values for Category 2: OM Displacement was found between 
the treatment regimes (F(5,140)=122.19, P<0.001). The 2 winter harvesting regimes (TR 
1-1 and 1-2) had the least amount of OM displacement (<0.5%)(Figure 6).  By contrast 
TR1-5, which was drag scarified, had more displacement than any other treatment 
regime (47.3±14.5%).  TR1-6 had the second highest value of OM displacement 
(23.6±12.9%). 
  
Heavy litter accumulations and coarse woody debris pieces that were in contact with the 
ground were considered to bury the lichen mat (OM Buried).  Significant variation was 
found between the means of the treatment regimes (F(5,140)=35.4, P<0.001 η2=0.56).  
Treatment regimes 1-2, 1-3, and 1-4 had similar amounts of debris (±50% of the points 
tallied) (Figure 6).  Treatment regimes 1-1 and 1-6 had significantly lower levels than the 
other treatment units (<21% of the points tallied for both regimes). 
 
Significant variation in the mean amount of undisturbed ground (OM Undisturbed) was 
identified between treatment regimes (F(5,140)=50.12, P,0.001).  The amount of OM 
Undisturbed was highest in TR 1-1 (79.7±11.5%) (Figure 6).  This regime was winter 
harvested with a whole-tree system.  Treatment regime 1-6 had the second greatest 
amount of OM Undisturbed (62.0±20.5%) and TR 1-2, 1-3 and 1-4 were found to be 
lower than TR 1-6 but greater than TR1-5 (±46%).  Treatment regime 1-5, which was 
drag scarified, had the least amount of undisturbed ground (19.7±11.2%). 
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Table 6.  The mean percent value (0±1SD) of each forest floor disturbance class by treatment regime 

Category 1 - OM Undisturbed 2 - OM Removed 3 - OM Buried 

Repeated 
machine 
traffic 

Undisturbed Light litter Wheel 
tracks 

Deep 
gouge 

Long 
gouge

Wide 
gouge 

Very 
wide 
scalp 

Scalp CWD/ 
Logs Moderate Debris Heavy 

Debris Treatment 
Regime 

No. 
Plots 

e - n t g l w v s c m p 

1-1 24 0.0 24.5±10.5 55.1±9.6 0.0 0.1±0.4 0.0 0.0 0.0 0.1±0.4 3.8±3.1 14.7±10.0 1.7±2.4 

1-2 24 0.0 12.1±11.0 35.5±13.1 0.0 0.3±0.9 0.0 0.0 0.0 0.0 5.3±3.4 35.5±14.7 11.2±7.3

1-3 24 3.1±4.1 12.5±7.3 29.3±8.1 0.0 2.2±3.0 0.0 0.0 0.0 2.9±3.2 7.5±4.9 27.1±8.6 15.2±9.2

1-4 25 3.8±4.2 16.4±6.1 27.3±5.0 0.0 3.3±3.0 0.0 0.0 0.0 2.0±2.3 11.3±4.1 23.3±4.9 12.6±5.7

1-5 25 0.1±0.4 4.1±5.0 15.4±9.6 0.0 31.1±11.1 0.0 0.0 0.0 16.1±13.1 2.7±2.5 19.1±10.5 11.3±8.8

1-6 24 6.2±7.2 21.4±12.1 33.5±19.1 0.0 8.2±12.0 0.0 0.0 0.0 14.3±10.7 3.3±2.3 12.2±16.2 0.8±0.7 
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Figure 6. Distribution of the three primary forest floor disturbance categories 

DISCUSSION 

Whole-tree harvesting in the winter (TR 1-6) appears to have the least impact on the 
forest floor.  The use of a snow-pack to protect the forest floor resulted in this system 
retaining the greatest level of undisturbed organic mat when compared to the other 
treatment regimes.  In addition TR 1-6 also experienced the lowest levels of debris 
accumulation.  The trends found regarding disturbance and debris accumulations were 
consistent with the predictions made earlier in the project during development 
workshops (Sulyma and Wawryszyn 2001).  The predicted outcome from having minimal 
disturbance and low debris accumulations was that this treatment regime would maintain 
the best conditions suitable to perpetuate terrestrial lichen communities. 
 
The summer whole-tree harvest system also maintained conditions suitable to 
perpetuate lichen communities.  The primary difference between the winter versus 
summer whole-tree harvesting was there was a greater amount of organic mat 
displacement in the summer regime.  This displacement, which occupied less than ½ a 
percent of the area, may have minor short-term negative impacts.   On sites that express 
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latter stages of succession, however, (i.e. areas dominated by feathermoss communities 
(Coxson and Marsh 2001)) the displacement of the organic mat may provide favorable 
results with reference to the longer-term development by producing microsites for the 
recruitment of lichen.  In turn, harvesting on a snow-pack may not provide a significant 
benefit compared to the costs of restricting the seasonal scheduling of forestry activities 
on these sites.  
 
There may be a threshold, however, where an abundant lichen cover, such as that found 
at the Phillip Lakes Site (Site 3 of this project) is negatively impacted by summer 
harvesting activities (Sulyma 2003b).  Conversely, the influence of the negative impacts 
may be offset by the benefits of vegetative propagation provided suitable microsites are 
created (Sulyma 2001).  During the assessment of TR1-6 several lichen thalli were 
tallied in the vegetative quadrat assessments.  In particular thalli were found in small 
scalped areas.  It is possible that these thalli will anchor and continue to grow, thus 
taking advantage of microsites without competition from vascular vegetation or mosses.  
Continued monitoring of this site will hopefully provide insight regarding the propagation 
of shrub lichen species. 
 
The displacement disturbance that occurred in TR1-6 was localized to crests of small 
hills along the skidding path.  In terrain that is flat, the amount of scalping that results 
from the summer treatment would likely be less.  The localization of this disturbance 
within the treatment regime supports this proposition.  The west portion of this treatment 
area had more rolling terrain than the east.  It was in the west portion where the majority 
of the organic mat displacement (scalping) occurred. 
 
The treatment regime with the greatest amount of disturbance was TR1-5.  The drag 
scarify treatment realigned the slash resulting in furrows of debris interspersed with 
scalped areas.  Initial project forecasts were that the mixing of surface mineral horizons 
with organic debris from logging would result in a mixed medium distributed across the 
treatment area that supports a more lush vascular plant community.  Though it is too 
early to identify what vegetative community will develop on the site, the severe scalping 
that occurred over 23% of the area did not appear to provide favorable conditions for 
competing vegetation.  As competing vegetation becomes established it is likely that it 
will be associated with the accumulations of debris that were created during the site 
preparation treatment.  This in turn leaves 65% of the site that has the potential to 
provide habitat for terrestrial lichens.   This, habitat may take several years to become 
occupied by terrestrial lichens, thus it may be a treatment that can be used to provide a 
source of lichen supply 40 to 50 years hence. 
 
The cut-to-length harvesting systems created much higher debris accumulations than 
the whole-tree harvest system.  Regardless of season the CTL treatment was applied, 
upwards to 50% of the site was occupied by detrimental debris accumulations (relative 
to lichen development).  Slightly less organic mat displacement was achieve by 
conducting the harvesting system in the winter, however, the results of doing so did not 
appear to provide any net benefit towards the subsequent development of the terrestrial 
lichen community.  The debris accumulations that result from cut-to-length harvest 
systems influence the lichen productivity more than any other factor associated with this 
system as heavy debris buries and can destroy lichen communities (Webb 1998, Miege 
et al. 2001).   
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The post harvest survey activities focused on monitoring the conditions that result from 
implementing harvesting and silviculture treatments.  Specifically the surveys measured 
disturbance/displacement of the surface mineral soil horizons and the forest floor organic 
mat, they measured debris accumulations, and they documented the state/composition 
of the resulting plant community.  Continued monitoring and evaluation are required to 
generate answers regarding the response of the lichen community to the treatment 
activities. 
 
In addition to establishing the initial monitoring at 98-mile, the results of the surveys were 
used to assess, and update, the trends in a Netica model.  The Netica model was used 
to document the relationships of disturbance and debris accumulations forecast for the 
different treatments applied in the adaptive management project.  The means applied to 
document the relationships, however, used two explicit paths to track the impact of each 
type of influence towards the lichen community (orange boxes in Figure 7).  One path in 
the logic web utilized 1-to-1 relationship, which predicted the level of debris 
accumulation from a harvesting treatment.  A second path concentrated on identifying 
the influence of disturbance to the forest floor. These avenues were then merged to 
create a summary value. 
 
The multi-path approach appeared redundant, however, without the field experience of 
collecting information, we were unsure how to represent the proposed relationships.  
Now, having collected the first set of field data, we have a better understanding with 
regards to the relationships that result from implementing forestry treatments.  In turn, 
the Netica model proposed in the adaptive management plan (Sulyma and Wawryszyn 
2001) has been updated in a more simplistic approach to model disturbance at the forest 
floor. In the initial model 6 potential states that were possibilities in 2 separate nodes 
(orange nodes in Figure 7) were summarized as 4 states (yellow nodes in Figure 7) in 
the resultant single node in the new model.  In addition to making changes in the model 
structure, the cumulative probability table developed for the new node was updated 
based on the trends that were found from the survey results.   
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Figure 7 Example of the original Netica model (top) used in the adaptive management plan, 
and recommendations for a refined approach (bottom) based on new field information. 

 



SULYMA AND ALWARD 2004  FOREST FLOOR CONTRACTING LTD 

Adaptive Management of Forestry Pract ices in 
Pine-Lichen Woodlands in North-Central  Brit ish 
Columbia: Post Harvest Data Summary of Site 1  21 

LITERATURE CITED 

Anonymous. 1998. Field manual for describing terrestrial ecosystems. Land 
Management Handbook 25, Resource Inventory Branch, BC Ministry of 
Environment Lands and Parks & Research Branch, BC Ministry of Forests, 
Victoria. 

Anonymous. 2003. DNR Random Sample Generator. Minnesota Department of Natural 
Resources. 

Cichowski, D. B. 1993. Seasonal movements, habitat use, and winter feeding ecology of 
woodland caribou in West-Central British Columbia. Land Management Report 
Number 79, Province of British Columbia. 

Coxson, D. S., and J. Marsh. 2001. Lichen chronosequence (post-fire and post-harvest) 
in lodgepole pine (Pinus contorta) forests of northern-interior British Columbia. 
Canadian Journal of Botany 79:1449-1464. 

DeLong, C., D. Tanner, and M. Jull. 1993. A field guide for site identification and 
interpretation for the southwest portion of the Prince George Forest Region. Land 
Management Handbook 24, BC Ministry of Forests, Victoria. 

Johnson, C. J., K. L. Parker, and D. C. Heard. 2000. Feeding site selection by woodland 
caribou in north-central British Columbia. Rangifer Special Issue No. 12:159-172. 

Kirk, R. E. 1996. Practical significance:  A concept whoe time has come. Educational & 
Psychological Measurement 56:746-759. 

Kranrod, K. A. 1996. Effects of timber harvesting methods on terrestrial lichens and 
understorey plants in west-central Alberta. Master of Science. University of 
Alberta, Edmonton. 

MacKinnon, A., C. DeLong, and D. Meidinger. 1990. A field guide for identification and 
interpretation of ecosystems of the northwest portion of the Prince George Forest 
Region. Land Management Handbook 21, BC Ministry of Forests, Victoria. 

Miege, D. J., T. Goward, M. J. Waterhouse, and H. M. Armleder. 2001. Impact of partial 
cutting on lichen diversity in lodgepole pine forests on the Chilcotin Plateau in 
British Columbia. Working Paper 55, Research Branch, British Columbia Ministry 
of Forests, Victoria, B.C. 

Province of British Columbia. 1995. Biodiversity Guidebook. Ministry of Forests, Victoria 
B.C. 

Province of British Columbia. 2001. Soil conservation surveys guidebook, second 
edition. British Columbia Ministry of Forests, Victoria. 

Rowe, J. S. 1984. Lichen woodlands in northern Canada. Pages 225-237 in Northern 
ecology and resource management. University of Alberta Press, Edmonton. 



SULYMA AND ALWARD 2004  FOREST FLOOR CONTRACTING LTD 

Adaptive Management of Forestry Pract ices in 
Pine-Lichen Woodlands in North-Central  Brit ish 
Columbia: Post Harvest Data Summary of Site 1  22 

Sulyma, R. 2001. Towards an understanding of the management of pine-lichen 
woodlands in the Omineca region of British Columbia. Masters Thesis. University 
of Northern British Columbia, Prince George. 

Sulyma, R. 2002. Adaptive management of forestry practices in pine-lichen woodlands in 
north-central BC: Site1 (98-mile - Mackenzie) and Site 2 (Malaput - Vanderhoof) 
pretreament summary. Forest Floor Contracting Ltd., Fort St. James, BC. 

Sulyma, R. 2003a. Adaptive management of forestry practices in pine-lichen woodlands 
in north-central British Columbia: addendum to site 2 (Malaput) pre-treatment 
data. Forest Floor Contracting Ltd., Fort St. James. 

Sulyma, R. 2003b. Adaptive Management of Forestry Practices in Pine Lichen 
Woodlands in North Central BC: Site 3 (Phillip Lakes) Pre-treatment 
Assessment. Forest Floor Contracting Ltd., Fort St. James. 

Sulyma, R., and S. Wawryszyn. 2001. Adaptive management of the forestry practices in 
pine-lichen winter range for northern caribou in north central British Columbia. 
Forest Floor Contracting Ltd., Fort St. James, BC. 

Webb, E. T. 1998. Survival, persistence, and regeneration of the reindeer lichens, 
Cladina stellaris, C. rangiferina, and C. mitis following clearcut logging and forest fire 
in northwestern Ontario. Rangifer Special Issue No. 10:41 - 47. 

 
 


