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Summary  
 

Mountain caribou are an endangered but widespread ungulate that range into the North 

Thompson watershed of interior British Columbia. In early winter and spring, they forage 

primarily on hair lichens (Alectoria and Bryoria) in old growth, low elevation Interior 

Cedar Hemlock forests. We initiated a study to investigate changes in the abundance and 

distribution of these lichens in relation to forest harvesting. We looked at forests 

harvested with alternative harvesting methods, specifically dispersed-retention 

harvesting. Preliminary analyses suggest that the proportion of trees with lichen on them 

may be reduced for retention trees versus trees in unharvested stands. However, trees 

with lichen had similar amounts in both stand types. Overall, lichen abundance was lower 

in the retention stands. We also gathered data to examine the effects over time of the hard 

forest edges resulting from clearcut or group selection cuts, by gathering data along 

transects that spanned edges of various ages. Preliminary results highlighted the large 

variability in lichen biomass between sites and the need to complete the sampling design. 

The preliminary data suggests that an edge effect may occur, but change over time, with 

an immediate post-harvest reduction in Alectoria and Bryoria close to edges, and a 

potential rebound or increase in lichen biomass near edges 15-30 years post harvest. We 

present an annotated bibliography of other relevant literature from BC and elsewhere, and 

discuss potential work for a 2009 sampling season, including completing the lichen edge 

study, gathering more data from dispersed-retention stands, and initiating a 

complementary study to assess effects of forest harvesting practices on the amount of 

litterfall available as forage for caribou.     
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1. Introduction 
 
Mountain caribou are closely associated with old forests that are valuable to the forest industry. 

These caribou are endangered but at the same time widely distributed. Conserving endangered 

animals that are old-growth dependent but live over large areas has very significant socio-

economic implications. Due to these implications, mountain caribou have received considerable 

research attention over the past two decades. Research in the North Thompson on mountain 

caribou and their management has been ongoing for several decades. The data gathered from 

caribou in North Thompson region have contributed, and continue to contribute, significantly to 

mountain caribou conservation biology, which is now being applied to the management of this 

endangered organism. Funding from the forest industry has played an important role in these 

research and monitoring efforts. 

 

Mountain caribou feed almost exclusively on one shrub (Pachistima myrsinites) and 2 genera of 

arboreal lichen (Alectoria and Bryoria) during winter (Rominger & Oldemeyer 1989, Terry et al. 

2000, Serrouya et al. 2007). Arboreal lichen is most abundant on old trees and therefore caribou 

show strong selection for old forests during winter (Rominger & Oldemeyer 1989, Terry et al. 

2000, Apps et al. 2001). Considerable work has documented how partial cutting silvicultural 

systems can maintain forest attributes of importance to caribou on their winter ranges (Armleder 

and Stevenson 1994). In the North Thompson, attempts to manage forest harvesting so that 

caribou habitat suitability would be retained began approximately 40 years ago in the high 

elevation (Englemann Spruce- Subalpine fir – “ESSF”; Meidinger and Pojar 1991) forests (e.g., 

“balsam residual” cuts; Lewis et al. 2006; Bird and Lewis 2007). The value of partial cutting to 

foraging caribou has been assessed by previous research in the North Thompson and the data 

generally show that forest retention provides caribou with arboreal lichen foraging opportunities 

(Lewis 2004; Lewis et al. 2006; Bird and Lewis 2007; Serrouya et al. 2007). To date, we have 

gathered an adequate quantity of data on lichen abundance in relation to previous harvest 

treatments in the North Thompson’s high elevation forests, and there is a good understanding of 

how tree characteristics within forest stands relate to lichen abundance in the ESSF. Currently, 

this research is being processed for extension to provide guidelines to practicing foresters (Doug 

Lewis, personal communication). 

 

Forests at lower elevations in the wet interior of BC (e.g., Interior Cedar Hemlock –  “ICH”; 

Meidinger and Pojar 1991) also provide habitat for caribou, especially in early winter and spring 

(Apps et al 2001). However, data is only beginning to be gathered on how forest harvesting 

systems in ICH forests alter the amount of forage available for caribou. Research is ongoing at 

several sites in ICH forests (Stevenson et al 2001) including patch cuts and dispersed-retention 

sites near McBride (Jull, Stevenson and Sagar 1999, Coxson and Stevenson 2005, Coxson and 

Stevenson 2007) and in the Cariboo Mountains (Stevenson and Armleder 2007).  

 

This project was developed to provide information on the effects of forest harvesting on 

lichen, in the ICH in the North Thompson. Project goals were to examine the effects of 

harvesting systems on the availability of lichen for foraging caribou. Specifically, we 

began data collection in 2008 to examine the following questions:  
a. How does dispersed-retention harvesting affect lichen abundance in residual trees? How 

are stand characteristics of potential relevance to mountain caribou affected (i.e., amount 

of Pachistima, number of standing snags)?  

b. Does creation of an edge by clearcutting or group selection affect lichen abundance and 

vegetation characteristics in the remaining forest? If there is an effect, how far does it 

penetrate into uncut forest?  What is the duration of any effect?  
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We also gathered recent literature from BC and elsewhere pertaining to edge effects on lichen and 

trials of alternative harvesting methods in the Interior Cedar Hemlock zone. This annotated 

bibliography should help guide future work on these subjects.  

 

2. Methods 
 

2.1 Study area 
Sampling was focused on Interior Cedar-Hemlock forests in the North Thompson watershed 

(Figure 1). 

 

Figure 1. Map of the North Thompson study area, showing locations of Blue River, dispersed-
retention site (B-8), and edge-effect study sites. Inset map shows the location of the study area 
within British Columbia. 

 

2.2 Sampling  
Two methods were used for sampling. One method was developed to describe attributes in 

variable retention blocks, and the other for describing attributes of edges between clearcuts and 

adjoining forest. Regardless of the layout of the plot, at each plot we sampled  

a) low vegetation, particularly shrub abundance, which is relevant for caribou forage (e.g., 

Pachistima),  

b) trees, including size and stem density, to document differences in forest structure between 

treatments and age classes, and  
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c) amount of hair lichen, divided into Alectoria and Bryoria species groups. 

 

Plot attributes were measured using methods in the ‘Field Manual for describing terrestrial 

ecosystems’ (BC MELP/ MOF 1998). Lichen amounts were estimated using the guidelines in 

‘Estimating the Abundance of Aboreal Forage Lichens’ (Armleder et al. 1992). More details 

about the exact information collected are provided below. 

 

Dispersed- retention cutblocks  

Three stands were identified by GilbertSmith Forest Products as potential cutblocks with 

retention. In 2008, these stands were assessed and one was found to meet our criteria for 

dispersed retention. We completed sampling at this stand, block B-8 (Table 1). For measuring 

lichen availability and stand attributes of clearcuts harvested at approximately the same time, we 

used data from 3 sites, with 4 plots sampled within each site at varying distances from the forest 

edge. These regenerating clearcut stands were about 10 years older than the dispersed-retention 

stand. For the current report, we used data from 8 plots that were 100 m into forest interior from a 

clearcut edge to estimate lichen levels and stand attributes in unharvested stands.  

 

Table 1. Information on variable-retention, clearcut, and unharvested blocks originally identified 
for sampling for impacts of variable-retention harvesting. The two patch-cut blocks were excluded 
from this study but prompted further investigation into edge effects (below). Plots in clearcuts 
were 5, 25, 50, and 100m from the edge of the clearcut. Plots in unharvested stands were 100m 
into the stand from the nearest edge. 

Treatment Transect ID Drainage # of 

plots 

BEC zone Year 

established 

Years since 

disturbance (in 

summer 2008) 

Dispersed-retention B-8 Serpentine 3 vk1 2000 8 

Patch-cut block G-44 Chappel 0 vk1 2005 3 

Patch-cut block G-45 Chappel 0 vk1 2004 4 

Clearcut 78 Foam 4 Mw 1990 18 

Clearcut 81 Finn 4 vk1 1989 19 

Clearcut 83 Finn 4 vk1 1989 19 

Unharvested  

34, 39, 48, 78, 

81, 83, 100, 

101 various 8   n/a 

 

 

Habitat measurements were gathered at three randomly located plots (generated using ArcView 

GIS 3.2) within the boundaries of the dispersed retention cut.  Each plot site was described at the 

plot center using the following descriptors; UTM coordinates, BEC Zone, site series, slope 

position, age class estimate, structural stage, slope, evidence of browse and the presence and type 

of ungulate sign. At each plot we measured attributes at three scales, to capture the variation in 

vegetation present in a patchy dispersed- or variable-retention stand (Figure 2). 

 

At the largest scale, attributes were measured for all trees greater than 30 cm diameter at breast 

height (DBH) and all snags (WTC>2 ) in a 50 m by 50 m plot. Tree attributes were described as 

follows: species, wildlife tree class (WTC), DBH (cm), height (m), canopy class (subdominate, 

co-dominant, or dominant), estimated number of 10g clumps of hair lichen to 2.5m and to 4.5m, 

the percent of the hair lichen that consisted of the species Alectoria sarmentosa or similar (the 
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remainder is assumed to consist of Bryoria species), the foliage class of the tree (1-5). Lichen 

sampling methods were based on Armleder et al (1992) and Stevenson et al (1998). 

 

An intermediate (25m by 25m) subplot was laid out in one corner of the 50m
2
 plot. All trees 

greater than 1.3m tall with a DBH of less than 7.5 cm were counted and attributes were measured 

for all trees greater than 7.5cm in the 25m
2
 subplot.  

 

At the finest scale, dominant vegetation was described in five 2m diameter subplots (established 

at the corners and center of the 25 m
2
 subplot) as follows; percent cover and species of dominant 

herbs, percent cover and species of shrubs 2-10 tall and less than 10m tall, percent cover of 

dominant, co-dominant and sub-dominant trees. Moss and percent ground cover were recorded in 

only the 2m diameter plot at plot center.  

 

Data for clearcut and unharvested stands were gathered as part of the edge-effects study, outlined 

below. When necessary, data from these smaller plots (300m
2
) were multiplied by 8.3 to generate 

estimates comparable to those from the larger dispersed-retention plots. 

 

 

 

 

 

 

 

 

 

Figure 2. Layout of one of three plots measured at randomly selected sites within a dispersed-
retention cutblock, showing (1) small 5.65m radius subplots, (2) the larger 25m *25m square plot, 
and (3) the main 50m * 50m plot used for measuring lichen.   
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Edge effect at clearcut edges 

We sampled 8 transects across forest edges of varying ages in the North Thompson (Table 2). 

There were 8 plots along each transect, for 64 plots in total. 

  

Table 2.  Information on the 8 transects sampled across edges of various ages for the study on 
edge effects.  

Transect ID Drainage BEC zone 

Year established (from 

forest cover) 

Years since disturbance (in 

summer 2008) 

34 Jackhammer vk1 1963 45 

39 Gum vk1 1984 24 

48 Mud wk 1981 27 

78 Foam mw 1990 18 

81 Finn vk1 1989 19 

83 Finn vk1 1989 19 

100 Gum vk1 2007 1 

101 Jackhammer vk1 2007 1 

 

Sampling methods were based on those used in studies of edge effects in boreal forests, by Esseen 

and Renhorn (1998) and Rheault et al. (2003). Habitat measurements were taken at plots centered 

at  5, 25, 50 and 100 m on either side of the clearcut edge (Figure 3) on a transect perpendicular 

to the clearcut edge. Site description for each plot included the BEC subzone, site series, cardinal 

direction of the clearcut edge, the plot orientation, slope position, age class, structural stage, 

aspect, slope and evidence of browse and the presence and type of ungulate sign. 

 

In the forest, all trees (greater than 7.5cm DBH) in a 10 m by 30 m plot were described (species, 

DBH, WTC, height, canopy class, number of 10g clumps of lichen to 2.5 and 4.5 m, the percent 

of lichen that was Alectoria and the foliage class). Vegetation was described and saplings counted 

in one 5.65 m radius plot at plot center. Vegetation description included the percent cover and 

species of dominant herbs; percent cover and species of shrubs 2-10 tall and less than 2 m tall, 

percent cover of dominant, co-dominant and sub-dominant trees. 

 

In the clearcut, all trees (species, DBH, WTC, height, canopy class, number of 10g clumps of 

lichen to 2.5 and 4.5 m, the percent of lichen that was Alectoria. and the foliage class) and 

saplings (>1.3m and <1.3m) in a 5.65m diameter circular plot were recorded. Vegetation was 

described for the 5.65 plot as in the forest plots. 
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Figure 3. Layout of plots measuring attributes on either side of clearcut edges. 

 
 
Analyses 

Although many studies of lichen availability measure lichen in the lower 4.5 m of trees, these 

studies primarily occur in ESSF forests, where the deep snowpack elevates caribou, enabling 

them to forage at this height. We limited our analysis of lichen data to lichen in the lower 2.5 m, 

since this measurement will be more meaningful to caribou foraging in the ICH in early winter, 

before much snow has accumulated. All statistical tests were performed using SYSTAT version 

8.0. 

 

In the comparison of variable-retention stands with clearcut and unharvested stands, regenerating 

clearcuts were included in graphs but not in statistical analyses, because these plots did not 

contain any trees with lichen.   

 

3. Results 
 
3.1 Dispersed-retention cutblocks 
 
Distribution and biomass of lichen 

The dispersed-retention plots contained few trees, even with the large 50 x 50m plot used for 

sampling lichen abundance and number of standing snags (Table3). There was no lichen in the 

plots in the regenerating clearcuts. 

 

There was a reduction in total lichen biomass in retention plots as compared to unharvested plots, 

due to the removal of trees from the stand (Table 3, Figure 4, Mann-Whitney U = 24, P = 

0.014). Retention plots had more lichen than regenerating clearcut plots (Mann-Whitney U = 30, 

P = 0.003).  . 

 

Table 3. Summary of lichen biomass information for 3 treatments. 

Treatment # 

sites  

# 

plots 

Mean biomass on lower 2.5 m of 

trees >30cm dbh (g) (in 2500m
2
) 

Range St dev. 

Clearcut 3 12 0 0  

Retention 1 3 7.5 0 – 15 7.5 

Unharvested 8 8 289 21 – 1125 400 
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Figure 4. Box plot of total amount of lichen on the lower 2.5m of all trees >30cm DBH, per 
2500m

2
 plot. Three clearcut stands were sampled with 12 plots; 1 retention stand was sampled 

with 3 plots; 8 unharvested stands were sampled with 8 plots.  

 

There was a trend of fewer trees having lichen in the retention plots than in unharvested plots, 

although the proportion of trees that had lichen in the lower 2.5 m did not statistically differ 

between retention (5/23 trees, 22%) and old growth samples (34/71, 48%) (Figure 5, χ2
 = 2.84, 

df =1, P = 0.09). There was also no difference, in old growth stands, in the proportion of trees 

with lichen in large diameter (>30cm dbh) trees (34/71, 48%) versus all trees (>7.5cm dbh) 

(98/198, 49%) (χ 2
 = 0.054, df =1, P = 0.82). 
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Figure 5. Proportion of trees with DBH >30cm that had lichen in the lower 2.5m, in 12 plots in 3 
clearcut stands, 3 plots in 1 retention stand, and 8 plots in 8 unharvested stands. 
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Looking only at trees that had lichen, those from unharvested forest had more variation in lichen 

amounts but tended to have similar amounts of lichen as trees in retention plots (Figure 6). The 

amounts of lichen per-tree were not significantly different (Mann-Whitney U = 83.5, P = 0.94). 

 
Vegetation 

Percent cover of tall and low shrubs was greater in the dispersed-retention stand than in the other 

treatments (Figure 7), probably due to the retention of these vegetation layers during harvesting 

and the increased light levels post- tree removal. There was no Pachistima recorded on the 

variable-retention plots. 

 

 

3.2 Edge effects 
 

 Survey intensity 

We sampled 64 plots along transects at 8 different clearcut-unharvested forest edges. Fourteen of 

the plots were in recently harvested blocks where there were no trees. Fifty plots contained trees 

that were assessed for lichen amount, 32 plots in undisturbed forest and 18 plots in regenerating 

clearcuts (Table 4, Figure 8). At each plot, we assessed lichen level in from 0 – 39 trees or logs 

(922 trees in total, 686 in old forest, 236 in disturbed sites). For plots that had trees, the average 

number of trees sampled was 18 trees/plot. The average number of trees per plot in unharvested 

plots was 21 (32/32 plots had trees). The average in plots in clearcuts was 13 (18/32 plots with 

trees). 
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Figure 6. Boxplot of the amount of lichen assessed in the lower 2.5m of trees with DBH > 30cm, 
including only those trees that had lichen on them (retention n = 5, unharvested n = 34 trees).  
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Figure 7. Average and standard deviation in percent cover of different vegetation layers stands 
with different harvesting treatments. Values are from pooled data from: clearcuts n = 12 plots at 3 
sites, retention n = 3 plots at 1 site, and unharvested n = 8 plots at 8 sites.  

 

 

 

Table 4. Number of trees and logs found on transects. 

Transect Unharvested plots  Clearcut plots  All plots 

 # trees # logs  # trees # logs  # trees # logs 

34 96 0  59 0  155 0 

39 100 0  33 0  133 0 

48 62 2  109 0  171 2 

78 83 18  13 2  96 20 

81 46 0  20 0  66 0 

83 43 1  0 0  43 1 

100 123 3  0 0  123 3 

101 103 6  0 0  103 6 

Total 656 30  234 2  890 32 
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Figure 8. Distribution of number of trees >7.5 cm DBH in each of 32 plots in unharvested forest 
and 32 plots in clearcut, regenerating forest. 

 

Distribution of lichen on all trees 

The frequency distribution of lichen amounts was graphed as per Armleder et al. (1998). The 

majority of trees in unharvested plots had little or no lichen, and there were very few trees with 

large amounts of lichen in the lower 2.5m. In regenerating clearcuts, trees with lichen were very 

rare (Figure 9). 

 

Effect of distance from forest edge  

Lichen estimates were summed for all trees in a plot to provide a measure of total biomass in each 

of the 64 plots (Figure 10). Lichen biomass data for Alectoria suggest that lichen amounts may 

be higher within the forest than close to the edge, while Bryoria data suggest an elevated amount 

of Bryoria at the edge of the stand and 100m into the forest. However, there is high variability 

across the 8 sites at each distance and nested ANOVA results for the effect of distance and site 

nested within distance were all non-significant. 



 14

b. clearcut

Grams of lichen per tree in lower 2.5m 

0 1-3 4-5 6-10 11-20 21-50 51-100 101-1000

F
re

q
u
e
n
c
y

0

50

200

250

a. unharvested

Grams of lichen per tree, in lower 2.5m

0 1-3 4-5 6-10 11-20 21-50 51-100 101-1000

F
re

q
u
e
n
c
y

0

50

100

200

250

300

350

 

Figure 9. Frequency distribution of lichen on trees > 7.5 cm DBH in unharvested stands (n = 656 
trees) and clearcut stands (n = 234 trees). 

 

 

The distribution of lichen on trees did not vary greatly at different distances from clearcut edges 

(Figure 11). For all lichen and for the Alectoria species group, there were slightly more trees in 

the forest interior (at 50m and 100m) with 11 or more grams of lichen on them, than in plots 

closer to the forest edge (5m and 25m). For Bryoria, plots at the edge (5m into the forest) had 

more trees with higher lichen loadings, compared to plots at 25, 50, and 100m from the edge.  

 

The G-test of independence did identify statistical differences between the distributions at each 

distance (Appendix 2). We ran post-hoc comparisons for each distance pair, employing a 

Bonferonni correction such that the cut-off for significance was 0.05/6 tests = 0.008. For all 

lichen and Alectoria, the distribution of lichen differed between 25 and 50m. For Bryoria species, 

the distribution of lichen differed between 5 and 25 m.  
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Figure 10. Mean and standard deviation in total amount of lichen per plot (g/300m
2
), for a) all 

lichen, b) Alectoria, and c) Bryoria. N= 8 plots at each distance. 
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Figure 11. Frequency distributions showing the number of trees in each lichen-loading category (grams of lichen in the lower 2.5m of the tree), for 
all lichen (left), Alectoria (centre), and Bryoria (right). Data are grouped by distance of plot centre from clearcut edge. For Alectoria, note the slight 
increase in trees with heavier lichen loadings at 50m and 100m in to the forest. For Bryoria, the reverse is true, with more trees with heavier 
loadings at 5m into the forest. 

 

 

 

 



Effect of age of forest edge 

All unharvested sites were sampled with 4 plots per site (at 5, 25, 50 and 100m from the edge). 

However, sampling effort was uneven across ages, with new edges (1 year old) sampled at 2 sites, 

15-30 year-old edges sampled at 5 sites, and a 45-year old edge sampled at 1 site.  

 

The preliminary data suggest that stands with younger edges had more lichen (Figure 12). 

 

The age of the clearcut/forest edge had a significant effect on the distribution of lichen in trees, 

using the G-test for independence and pooling all 5 upper weight categories to increase the 

minimum expected frequency to an acceptable number (Figure 13, Appendix B).  However, 

only 1 stand with an edge in the oldest age class (45 years) was sampled, and this stand contained 

very little lichen. There was no Bryoria at all recorded on the lower 2.5m of trees in the forest 

with the oldest aged edge. If this single oldest sample is excluded, the distribution of all lichen 

together and of Alectoria was still significantly different (upper 4 weight categories pooled) 

between age classes 1 and 2. At edges in age class 2, 15-30 years post-harvest, there are more 

trees with little or no lichen, compared to edges that are in age class 1, 1 year post-harvest. The 

distribution of Bryoria was not different between age classes 1 and 2. 
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Figure 12. Mean and standard deviations of total lichen biomass per plot at forested sites 
adjacent to edges of varying age. Age classes are: 1 - 1 year since harvesting, (2 sites, 8 plots);  
2 - 15-30 years (5 sites, 20 plots); and 3 - 45 years (1 site, 4 plots). 
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Figure 13. Frequency distributions showing the number of trees in each lichen-loading category (grams of lichen in the lower 2.5m of the tree), for 
all lichen (left), Alectoria (centre), and Bryoria (right). Data are grouped by age of forest edge. Only one site (97 trees) was sampled in the oldest 
age class, 5 sites (334 trees) were sampled in the middle age class, and 2 sites (226 trees) were sampled in the youngest age class. All sites were 
sampled with 4 plots, at 5, 25, 50 and 100m into the forest from the edge.  

 

 

 



 

 

Partitioning the effects of distance from edge and age 

Examining the average lichen biomass by distance and age class (Figure 14) shows that sites by 

young edges had low lichen levels 5m into the forest relative to plots deeper into the forest. At 

middle-age edges, lichen amounts, and particularly Bryoria amounts, were relatively high 5m 

from the edge.  At the oldest-aged edge, lichen levels were depressed at all distances from the 

edge. Once equal samples from each age have been collected, statistical analysis of this data will 

be done with a nested ANOVA (as per Esseen and Renhorn 1998).  
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Figure 14. Mean lichen biomass per plot, by edge age and distance from edge. Standard errors, 
where available, are large and are not included for clarity. 
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Dispersal of lichen into clearcuts 

In regenerating clearcuts, only 2 of the 8 transects had any plots with lichen in them. These were 

in the 2 oldest clearcuts. Transect 48, which was 27 years old, had lichen present at 5 m from the 

clearcut edge. Transect 34, which was 45 years old, had lichen at 5, 25, and 100 m from the forest 

edge.   
 
Vegetation 

Inside the unharvested forest, there was no striking change in the percent cover of trees, tall 

shrubs, low shrubs, or herbs with age of edge or proximity to edge (Figure 15). Pachistima 

myrsinites was only recorded at 3 of 8 transects. These were at all plots except 50m into the 

clearcut on transect 34, at 50m into the clearcut on transect 100, and at all forest interior plots (5-

100m) on transect 101. Presence/absence and percent cover data is too low for analysis.   

 

3.3 Bibliography of relevant literature  
 

We compiled relevant literature from studies in British Columbia’s ICH zone (9 papers/reports) 

and elsewhere, including BC’s ESSF zone (5 papers/reports), Ontario (1 paper), the western US 

(2 papers), and Sweden (1 paper), into a tabular format, to provide accessible information for 

identifying data needs and planning future work. This table is included as Appendix 1. These 

results are reviewed below.   

 

Studies in the ICH in other parts of British Columbia emphasized the changing nature of impacts 

from forest harvesting, as effects may take time to manifest, but also may be tempered by 

regeneration in the cutblocks. Results regarding edge effects and partial cutting to-date were 

somewhat conflicting, with Alectoria at edges of partial cuts negatively impacted by harvesting 

(Coxson and Stevenson 2005) or showing no effect (Jull, Stevenson and Sagar 1999). Also in the 

Robson Valley, growth rates of leaf lichen were found to be negatively impacted at forest/clearcut 

edges, but fared better at edges of dispersed-retention cutblocks (Coxson and Stevenson 2005). 

 

Previous work near Revelstoke documented reduced amounts of lichen litterfall at the edges of 

17-yearold regenerating clearcuts, relative to the forest interior (Waters and Quesnel 1999). 

However, in a shorter time span at 2 sites in the in the Robson Valley, lichen litterfall rates were 

unaffected at forest edges 1-year post harvest (Jull, Stevenson, and Sagar 1999) and 2-years post 

harvest (Coxson and Stevenson 2005), although the amount of Alectoria declined in the canopy 

and the litterfall rate may reflect a temporary pulse of senescing lichen (Coxson and Stevenson 

2005).  

 

Several studies investigated the abundance of Alectoria in regenerating stands, and suggest that 

gap size and /or presence of remnant trees may be essential in maintaining lichen communities. 

There was found to be no change in Alectoria amounts in naturally regenerating gaps versus old 

forest (Benson and Coxson 2002), and 50-year-plus stands with remnant trees supported 

considerably higher amounts of Alectoria (but not other lichen) than stands harvested without 

leaving remnant trees (Peck and McCune 1997). Furthermore, lichen size and abundance in even-

aged 120-year-old hemlock stands was reduced relative to undisturbed forest (Radies and Coxson 

2004).   
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Figure 15. Mean and standard deviation in percent cover values, by aged of edge and distance 
from edge, at 100, 50, 25 and 5m into the clearcut (negative numbers) and 5, 25, 50, and 100m 
into the forest (positive numbers). N = 2 sites at young edges, N = 5 at middle-aged edges, and N 
= 1 at old edges.  
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4. Discussion  
   

4.1 Dispersed-retention harvesting 
Results on the effects on lichen of variable-retention harvesting are preliminary. Only 1 

dispersed-retention stand was sampled in this pilot study, and variation among stands could not be 

estimated. Furthermore, initial analyses presented are hampered by low sample sizes, and the 

results should not be regarded as representative. 

 
We expected habitat heterogeneity in the variable-retention stands, and thus used large plots for 

sampling. The numbers of trees encountered in the sample plots were low (8, 5, and 6 trees per 

plot), but within the suggested range of 5 – 10 trees/plot (Stevenson et al. 1998). In this pilot 

study, small sample sizes likely contributed to the lack of statistical significance when comparing 

the proportion of trees with lichen between retention plots and unharvested plots. Increasing the 

sample size, through sampling at other sites, would lend credibility to these results.  

 

4.2 Edge effects at variable-aged clearcut edges 
Results from the 2008 sampling season were mostly not analyzed statistically. Target sample 

sizes (5 stands minimum) for each age class will hopefully be achieved in 2009, and statistical 

analyses using nested ANOVAs done on the complete data set. 

 

The creation of edges is expected to be somewhat detrimental to the survival of lichen, due to the 

sudden change in microclimate at the forest edge. Increased wind can scour lichen from trees on 

edges (Esseen and Renhorn 1998) and damage lichen and their reproductive structures, and 

increased sunlight can lead to reduced hydration of lichens  (Coxson, Stevenson, and Campbell 

2003). Although sampling is incomplete, preliminary analyses of the data collected to-date in the 

North Thompson suggest there is an edge effect on the lichens available as caribou forage. The 

biomass of Alectoria and Bryoria species tends to be reduced at 5 and 25m into the forest, at 

stands with edges created in the last year (1-year edges). An edge-related reduction in canopy-

level Alectoria was reported 2-years post-harvest in the Robson Valley (Coxson and Stevenson 

2005), and similar decreases in hair lichen at edges has been reported in other ecosystems 

(Rheault et al 2003, Esseen and Renhorn 1998).  

 

As the time since harvesting increased, this effect changed, and middle-aged edges (15-30 years 

old) supported the same level (Alectoria) or even an elevated level (Bryoria) of lichen relative to 

in the forest interior. Either edge effects had penetrated beyond 100m into the forest interior, an 

unlikely scenario, or lichen levels in the lower 2.5m of the trees had recovered from any negative 

effects immediately post-harvesting. This finding agrees with results of Esseen and Renhorn 

(1998), who reported elevated lichen levels over time inside forest edges, where they proposed 

that increased light levels but protection from wind had led to increased lichen growth.  

 

In general, very few trees had much lichen on them in the lower 2.5 m, and amounts are strikingly 

lower than in the ESSF (e.g., Waterhouse et al. 2007). In ESSF stands, foraging caribou usually 

select trees with at least 50g of lichen available in the bottom 4.5 m. (Stevenson et al 1998). 

Trailing in the ICH in the North Thompson showed that caribou routinely foraged on trees with 

very little lichen available – 1/3 of all trees with 2-5 g of lichen in the lower 1.6 m, and ½ of trees 

with 5-50g, were foraged upon when encountered (Furk 2003). Thus, although lichen amounts in 

this study are low, they are still relevant as potential caribou forage.  

 

In the 2 stands with recently-created edges, lichen biomass in the forest interior was generally 

high relative to in the other 6 stands sampled. We believe this reflects a high-quality environment 
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for lichen at these sites, and thus is a result of low sample sizes (n = 2 young edge sites). 

Similarly, the very low level of lichen detected at the site with the oldest edge (n = 1) is likely an 

artifact of sample size. These anomalies in the data set produce some unexpected results. For 

example, frequency distributions showed a shift in the distribution of lichen on trees as the age of 

the edge changed. Trees tended to have smaller amounts of lichen on them as the edge age 

increased. Because frequency distributions were not broken down into age and distance, this 

likely relates to the high lichen levels recorded at the productive forest interior at young-edge 

sites.   

 

5. Recommendations 
 
We restricted this report to data on lichens on trees. We collected data on other stand attributes 

that may be highly relevant to mountain caribou, such as the number of downed logs, lichen on 

downed logs, number of standing snags, and tree size (Furk 2003, Serrouya et al 2007). Further 

analyses should investigate edge effects on these attributes as well. 

 

Dispersed-retention 

Further sampling in other blocks that were harvested using dispersed-retention is needed. The 

availability of blocks harvested with this method may be a limiting factor for building this 

dataset.  

 

Edge effects 

Data from more edge-interior transects is required to complete the dataset for the retrospective 

study on edge effects. Ideally, 5 sites in each age class will be sampled. We have data from 5 sites 

in the middle-aged class (19-27 years). We need 3 more sites that were recently harvested (in last 

1 –2 years), and 4 more sites with old edges (45 + years). Sampling should be restricted to sites in 

the ICHvk1 if possible, because this is the predominant subzone sampled in 2008. Time-

permitting, the two sites not in the vk1 could be replaced with two in the vk1. Sampling should 

also try and select edges with a south or southwest aspect, as it is here that edge effects related to 

increased sunlight may be most obvious. In clearcuts, not much lichen was recorded in 2008. 

Lichen was measured in 5.65m radius plots. Increasing the plot size in clearcuts to match that in 

unharvested stands should be considered in order to increase the probability of encountering 

lichen. 

 

Litterfall study 

This study examined only edge effects on potential caribou forage in the form of lichen amounts 

in the lower 2.5m of trees. It did not investigate edge effects on canopy lichens, or litterfall rates 

from the canopy. Litterfall caught on shrubs can be an important source of arboreal lichen for 

foraging caribou (Furk 2003).  Research examining forest practices, canopy lichens, and litterfall 

to-date suggests that litterfall rates at canopy edges may be reduced after harvesting adjacent 

blocks. Coxson and Stevenson (2005) found what appeared to be a pulse of Alectoria at forest 

edges 2 years post-harvest, as Alectoria was decreasing in the canopy. At the edge of a 17-year 

old stand, Waters and Quesnel (1999) found reduced litterfall relative to inside the unharvested 

stand.   

 

A study of litterfall amounts and age of forest edges in the North Thompson could complement 

the current investigation into lichen abundance on trees. Other work in the ICH, with the 

exception of Waters and Quesnel (1999) has been in real-time, sometimes with pre- or 

immediately post-harvest sampling, and then repeated sampling a relatively short time after. The 
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approach employed in this study offers a convenient method for investigating long-term effects of 

forest harvesting on litterfall.  

 

Litterfall rates are commonly studied with mesh litterfall traps placed in the forest for a specified 

amount of time, and the resulting litterfall collected, sorted, and weighed (Waters and Quesnel 

1999, Gillies and Boulanger 2001, Coxson and Stevenson 2005). This method requires 2 visits 

per site and some investment into equipment. Alternatively, we may consider studying litterfall 

amounts under different harvesting regimes or in response to an edge, in a way that may have 

greater relevance towards foraging mountain caribou: that is to collect litterfall off of shrubs in 

small transects, at varying distances from the edge as in this study. Each collection can be dried, 

and results obtained with 1 visit to each site. Drawbacks of this method obviously include not 

knowing the time frame over which the litterfall has collected at each site. Presumably, heavy rain 

or snow, and particularly late-winter compression of shrubberies under snowpack, likely removes 

or breaks down the previous years’ accumulation of lichen.  
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7. Appendices 
 

Appendix A. Annotated bibliography of relevant literature on lichen and forest harvesting 
Source Location Forest type Forest 

treatment 

studied 

Relevant findings 

Benson and 

Coxson 2002 

Viking Ridge, east 

of Prince George 

ICH natural gaps 

1-3 ha 

-different lichen groups recolonized gaps differently  

-high amounts of Bryoria in regenerating gaps versus adjacent forest 

-Alectoria biomass and distribution was the same in old and regenerating forest 

Coxson and 

Stevenson 

2005 

Upper Fraser  

Valley, east of 

Prince George 

(Meadow and 

Lunate Creeks) 

ICH 30% and 

70% 

removal 

partial cuts 

- partial cuts monitored immediately and 2 years post-harvest 

- all edges had same trends, regardless of gap size created  

- significant decreases in Alectoria amounts in canopy, slight decreases in Bryoria 

- no difference in Alectoria litterfall at edges (within 3 m of edge) versus interior, 

perhaps because Alectoria was decreasing in and dropping from canopy 

Coxson and 

Stevenson 

2007 

Upper Fraser ICH variable 

retention 

and clearcut 

- edge effects of clearcuts may be minimal on growth rates of large Lobaria, but 

have significant negative impacts on smaller Lobaria 

- edge effects are reduced with “soft” edges of variable-retention 

Gillies and 

Boulanger 

2001  

Laforme Creek, 

Revelstoke 

ICHwk1 clearcuts - girdling trees in second-growth may successfully increase the amount of arboreal 

lichen and  litterfall 

Jull, 

Stevenson, 

and Sagar 

1999, PG-20 

Fleet Creek, 

Robson Valley, 

east of Prince 

George 

ICHwk3 group 

selection 

(20% 

removal) 

- litterfall rates in unharvested forest not affected by adjacent partial cuts, 1 year 

post-harvest 

- litterfall greater in blocks with retained trees 1 year post-harvesting, but uncertain 

if this is a post-harvesting pulse or long term result  

 -5 years post-harvest, no change in lichen abundance but  increase in proportion of 

Alectoria at SW edge, possibly due to loss of Bryoria 

- increase in shrubs and herbs after 5 years relative to unharvested 

Radies and 

Coxson 2004 

 ICH Natural 

gaps 1-3 ha 

-lichen size and abundance on regenerating even-aged hemlocks was less than on 

similar-aged understory hemlocks in oldgrowth  

-regenerating stands of 120-140 years may not yet have adequate old-growth 

characteristics to support lichen communities 

Stevenson 

and Armleder 

2007 

Isaiah creek, 

Cariboo Mtns  near 

Horsefly 

ICHwk2 Group 

selection  

-ongoing study of group selection and lichen abundance and litterfall amounts 
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Source Location Forest type Forest 

treatment 

studied 

Relevant findings 

Quesnel and 

Waters 1999, 

Waters and 

Quesnel 1999  

MoF 

Extension 

Note 54 

Keystone, Sheill, 

Goldstream, near 

Revelstoke 

ICHwk1 Group 

selection  

- lichen litterfall at edges lower than within old stands 

- lichen dispersal/litterfall rates declined with increasing distance from old forests 

into 15-17-yr stand 

- proportion of Bryoria to Alectoria increased with distance 

Wilson and 

Hamilton 

2007 

Nelson – TFL 23 ICH and ESSF  -developed methods for sampling lichen abundance and distribution across BGC 

units (site series)  

- aim to develop predictive model for Alectoria and Bryoria distribution and 

abundance 

- restricted to lichen on trees, no litterfall 

Peck and 

McCune 1997 

Oregon Cascades 500 – 1300 m 

elevation wet 

forests in  

western 

Oregon 

variable-

retention 

and 

clearcuts 

- biomass of Alectoria spp. in 50-120-yr old second-growth stands was greater in 

stands with remnant old trees than in stands that had been clearcut  

Sillett 1995 Oregon Cascades Douglas-fir 

forest on west 

side of 

Cascades, 

Oregon 

clearcut - litterfall of Alectoria reduced at 20-year old edge relative to interior 
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Source Location Forest type Forest 

treatment 

studied 

Relevant findings 

Armleder and 

Stevenson 

1994 

Review of studies 

in ESSF 

ESSF 

 

 

 

single-tree 

removal and 

group 

selection 

-reviews 9 silvicultural studies testing single-tree or group selection and 

effects on lichen amount and growth .  
-group selection often leads to removal of standing snags with heavy lichen loads, 

and the loss of lichen in the block may be above and beyond what would be 

associated with just removal of live trees.  

-growth rate studies suggest that opening up stands and making drier, more exposed 

conditions may favour Bryoria spp. over Alectoria sarmentosa.  

Coxson, 

Stevenson 

and Campbell 

2003, 

Stevenson et 

al 1999 (PG-

19) 

Pinkerton, near 

Prince George 

ESSF group 

selection 

and single-

tree 

selection 

30% 

removal  

-lichen abundance pre-, immediately post-, and 2-years post-harvest show no 

significant declinein overall lichen loadings between controls and treatments 

- decline in Bryoria in upper canopy in single-tree selection 

 - dessication of lichen at s-facing edges in group selection 

growth rates of Alectoria and Bryoria lower at edge than interior 

-microclimate measurements show that lichen are drier in upper canopy, stay hydrated 

longer lower down 

Esseen and 

Renhorn 1998 

Sweden Spruce Clearcut 

edges 

-only studied Alectoria sarmentosa, which was significantly impacted by distance 

from edge 

-lag before Alectoria declines, depending on  time of year of cutting and local climate  

- after 1-2.5 yrs (young edge), lichen at edges was 22% of interior 

- after 8-16 yrs (old edge), lichen at edges was 55% of interior 

-change in lichen form at edge, with exposed lichen being short, sheltered being long 

and pendulous 

-maximum distance of impact was 50m into forest interior 

Goward and 

Campbell 

2005 

 ESSF Clearcut - Bryoria biomass low in 60-yr stand relative to old stand 

- biomass greater in open stands than in dense stands 

Kellner et al. 

2005 

Mt Revelstoke, 

Revelstoke 

ESSF  -north-aspect sites had a greater proportion of tress with lichen available for caribou, 

versus south-aspect sites 

-slope steepness and canopy closure were correlated with snow depth, which 

influences the minimum height of lichen above the ground   
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Source Location Forest type Forest 

treatment 

studied 

Relevant findings 

Rheault et al 

1993 

Quebec Black spruce Clearcut 

edges 

-Bryoria, Evernia mesomorpha, Usnea spp. 

-short term (1-3) and long term (8- 23) 

-no significant effect of distance from edge on Bryoria. Predominant species of 

Bryoria  is considered a generalist, and is fairly bushy growth form. 

-significant effect of distance from edge on Evernia and Usnea, with less lichen at edge 

than interior 

- effect of edge age varied by lichen species  

-suggest that longer, more pendulous lichens (such as Usnea and A. sarmentosa) may 

be most susceptible to damage at edges 

Waterhouse et 

al 2007 

Quesnel Highlands 

– Grain Ck and 

Blackbear Ck 

ESSF group 

selection 

30% 

removal  

- 30% harvesting by group selection, monitored for 10 years 

- remaining trees show increase in lichen 

- potential shift to Bryoria 



Appendix B. Summary tables used to generate frequency distributions 

 

Table 1. Frequency data for the number of trees in each category of lichen weight, by distance from 

forest edge.  Results are included for G-tests comparing the frequency distributions across all 4 

distances from the edge. 

All lichen Alectoria Bryoria 

Distance from edge (m) 

 

Distance from edge (m) 

 

Distance from edge (m) Lichen weight category 

(g/tree) 5 25 50 100  5 25 50 100  5 25 50 100 

0 74 64 74 100 75 65 74 102 109 141 116 163 

1 – 3 42 68 30 64 48 70 32 63 28 24 24 28 

4 – 5 (4+ for Bryoria) 13 18 19 17 10 16 17 16 12 2 4 7 

6 – 10 16 13 9 9 13 14 9 10     

11+  4 3 12 8 3 2 12 7     

Total # trees 149 166 144 198  149 167 144 198  149 167 144 198 

G 29.9, 12 df, P = 0.003 29.6, df=12, P= 0.003 12.8, df=6, P =0.047 

 

 

Table 2. Frequency data for the number of trees in forest plots in each category of lichen weight, by 

age of forest edge. Results for G-tests between all age classes and between age classes 1 and 2 are 

included. 

All lichen  Alectoria  Bryoria 

Age class of edge  Age class of edge  Age class of edge Lichen weight category 

(g/tree) 1 2 3  1 2 3  1 2 3 

0 67 168 77  67 172 77  162 270 97 

1 – 3 (1+ for Bryoria) 82 103 19  87 107 19  64 65 0 

4 – 5  39 27 1  34 24 1     

6 + 38 36 0  38 32 0     

Total # trees 226 334 97  226 335 97  226 335 97 

G 1,2,3 93.1    91.9    52.2   

df 6    6    2   

P <.001    <.001    <.001   

G 1,2 30.8    33.0    7.2   

df 4    4    3   

P <.001    <.001    .065   

 


