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Project Title: Reassessment of arboreal lichen biomass at the Pinkerton Mountain 

Silvicultural Systems Site 10 years after partial cutting 

 

Abstract: Partial cutting systems have often been proposed as a means of maintaining 

canopy lichen abundance and diversity in managed forests. However, most assessments 

of the effectiveness of specific harvest practices in maintaining canopy lichens are based 

on immediate post-harvest measurements. Fewer assessments extend beyond the 

immediate 2-3 year post-harvest period. We anticipate that changes in lichen community 

composition will occur for many decades after harvesting, as lichens respond over time to 

changes in canopy microclimate and substrate availability. We can now report on the 

response of canopy lichen communities 10 years after harvesting in a partially-cut stand 

at Pinkerton Mountain, in B.C.’s central interior.  These measurements show a shift in 

canopy lichen species composition, with the proportion of Bryoria – the preferred winter 

forage of mountain caribou – gradually increasing in relation to Alectoria.  However, it 

will still be many decades before overall lichen loading in the partial-cut harvest stands 

approaches that of uncut adjacent old-growth forests.  Thus, although partial-cut 

harvesting is an effective strategy for maintaining winter forage for mountain caribou, it 

cannot substitute for maintaining core habitat in a natural state.  
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Introduction: Engelmann spruce-subalpine fir (ESSF) forests of the Interior Wetbelt are 

the primary winter habitat of the red-listed mountain caribou, and the hair lichens Bryoria 

spp. and Alectoria sarmentosa are the caribou’s primary winter food. In some parts of the 

Interior Wetbelt, land use plans currently in effect have zoned some ESSF forests for 

low-volume partial cutting rather than clearcutting, in an effort to maintain both logging 

opportunities and habitat for mountain caribou. The Mountain Caribou Recovery 

Implementation Plan, (available at: http://www.env.gov.bc.ca/sarco/mc/recovery.html) 

calls for increased protection of high-suitability mountain caribou habitat, and includes 

recommendations on the spatial distribution of incremental mountain caribou habitat 

zones, and associated management guidelines. This report recommended that some areas 

be retained as special management areas zoned for partial cutting and others designated 

as corridors, in which partial cutting may be appropriate. We therefore anticipate that the 

effectiveness of partial cutting in maintaining habitat for mountain caribou while 

allowing some timber extraction will continue to be an important management question. 

The Mountain Caribou Implementation Plan Terms of Reference: Habitat 

(http://ilmbwww.gov.bc.ca/sarco/mc/files/HabitatToR_29Oct07.pdf ) also includes as an 

objective supporting adaptive management and research to increase the probability of 

successful recovery. Starting in the late 1980s, an important set of adaptive management 

trials were established to learn about the potential of low-volume partial cutting to 

maintain habitat for mountain caribou (Stevenson et al. 1994; 2001). These were 

designed as long-term trials in which a variety of caribou habitat attributes, including 

abundance and availability of hair lichens, would be monitored. Although extensive, 

inventory-level assessments of hair lichen abundance in the lower canopy have been 
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carried out in many partial cuts (reviewed by Stevenson and Coxson 2007), only one 

ESSF silvicultural systems trial has incorporated detailed studies of the effects of partial 

cutting on hair lichen dynamics, including biomass, growth rates, litterfall rates, and the 

microclimate variables that affect the lichens. This site, the Pinkerton Mountain 

Silvicultural Systems trial, was harvested in 1998. Treatments included a group selection 

area in which 30% of the volume was removed in openings ranging from 0.1 to 0.4 ha; a 

single-tree selection area, also with 30% volume removal; and an unlogged control area 

(Stevenson et al. 1999).  

Hair lichens in unharvested stands at Pinkerton Mountain exhibit a distinct 

vertical zonation, with upper canopy exposures dominated by Bryoria spp. and the lower 

canopy dominated by Alectoria sarmentosa (Campbell and Coxson 2001). Studies of 

canopy microclimate and the physiological responses of the lichens indicate that Bryoria 

spp. in the lower canopy may be limited by intolerance to prolonged wetting, whereas 

Alectoria sarmentosa in the upper canopy may be limited by greater fragmentation rates 

(Coxson and Coyle 2003). These observations suggest that over time, the increased 

exposure that results from partial cutting would cause a relative increase in the proportion 

of Bryoria to Alectoria in the residual trees. Such a shift would not be an adverse impact, 

as caribou prefer Bryoria (Rominger et al. 1996). During the two years after harvesting, 

growth rates of both genera were as high in the single-tree selection area as in the 

unlogged control area, but were reduced along the edges of group selection openings 

(Stevenson and Coxson 2003). There appeared to be a small post-harvest pulse of 

litterfall in the single-tree selection area, but it was largely masked by natural variation 

(Stevenson and Coxson 2003). Canopy lichen biomass declined slightly in all three 
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treatments during this period, but the only significant treatment-related effect on hair 

lichens was a decline in upper-canopy Bryoria in the single-tree selection area (Coxson et 

al. 2003). 

Changes in lichen biomass and distribution immediately after harvesting reflected 

short-term changes in exposure, but the time period was too short to evaluate changes in 

lichen loading resulting from an altered growth environment. Now, ten years after 

logging, enough time has elapsed that the lichens will have adapted to the changed 

environment, and changes in their distribution in the canopy should be evident. 

Specifically, we anticipate that a) the Bryoria in the upper canopy, which declined in all 

treatments during the 1998-2000 period, will have recovered, b) there will be an overall 

increase in the abundance of Bryoria in relation to Alectoria, and c) increased Bryoria 

abundance will be related to degree of exposure. This detailed information about changes 

in hair lichen distribution and abundance throughout the canopy will help to explain 

trends in lower canopy lichen abundance that have been identified in extensive, 

inventory-level surveys in other partial cuts (Stevenson and Coxson 2007). It will identify 

relationships between residual basal area after partial cutting and changes in lichen 

distribution and abundance, and can be used to refine future prescriptions in the ESSF 

where retention of arboreal lichens is a management objective. 

 

Methods: The Pinkerton study area (53°37′38′′N, 121°25′33′′W) is located in the 

Cariboo Mountains approximately 90 km east-southeast of Prince George, British 

Columbia (Fig. 1), in the wet cold subzone of the Engelmann Spruce – Subalpine Fir 
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Zone (Meidinger and Pojar 1991). Mean annual precipitation in this subzone is 1408 mm, 

of which approximately 56% falls as snow (DeLong et al. 1994). 

The Pinkerton Mountain silvicultural systems trial utilized two uneven-aged 

silvicultural systems: group selection and single-tree selection (Fig. 1).  In the 59-ha 

group selection area, trees were removed in discrete groups with a mean opening size of 

0.25 ha. As much as possible, naturally occurring clumps of trees were either removed 

entirely or retained, resulting in irregularly shaped harvest openings. In the 40-ha single-

tree selection area, trees were removed from across the range of diameter classes to 

achieve a target diameter distribution; trees larger than 52.5 cm diameter at breast height 

were retained unless they had to be felled to clear skid trails. A 25-ha area immediately 

adjacent to the block was designated as a control area and left unlogged. The prescription 

for both harvest units was for 30% timber removal. The resulting postharvest basal area 

was 23–27 m2·ha–1 in both treatment units. Harvesting took place in March and April 

1998 on a settled snowpack. Operational details of the planning, prescription, 

and harvesting are given in Stevenson et al. (1999). 

In summer 2008, 10 years after logging, we reassessed forage lichen abundance 

on trees in the single-tree selection area, the group selection area, and a nearby 

unharvested control area.  We used a photo guide (Armleder et al. 1992) to rate the 

abundance of the forage lichens on a 7-point scale and the percentage (by 10% intervals) 

of the forage lichens composed of Alectoria, as opposed to Bryoria, on trees that had 

previously been assessed before and soon after the harvesting.  The photo-based 

estimates were done from the ground and considered only the lower 4.5 m of each tree – 

the portion of the canopy that is generally available to foraging caribou during winter.  
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We used log-likelihood G tests in SYSTAT ver. 10.2 (SPSS Inc., Chicago) to compare 

the frequency distributions of changes in lichen classes in the treatment areas.  We also 

used detailed branch-level estimates to quantify lichen abundance on a smaller group of 

trees that had been assessed immediately after the harvesting.  The branch-level estimates 

were done by a research tree-climber who used a rope system to access the entire canopy.  

The number of “clumps” of lichen on each branch was estimated, with reference to 

sample clumps used as standards for comparison. We used t-tests on log-transformed data 

to compare the number of clumps of Alectoria and of Bryoria on the branches facing a 

group selection opening with those on the branches facing away from the opening.  

 

Results and Discussion: Ground-based estimates of lichen abundance done before and 

immediately after the harvest had not differed significantly from one another (Coxson et 

al. 2003).   In 2008, that was still the case – most trees were given the same rating in 

2008 as in 2001, and the numbers that went up and down were similar in all three 

treatment units (Figure 2).  However, the frequency distributions of changes in the 

percent Alectoria classes differed significantly from one another (log-likelihood G = 

18.730, df = 6, p = 0.005).  In the group selection area, and especially in the single-tree 

selection area, more trees decreased in percent Alectoria than increased in percent 

Alectoria. 

At a finer scale, we examined branch-level lichen loading on two trees located on 

the edges of group selection openings.  In 2000, two years after logging, there was no 

significant difference in biomass of the two groups between exposed and protected 
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branches.  Eight years later, there was significantly more Bryoria on the exposed 

branches than on the branches facing away from the opening (p = 0.008). 

Based on these results, it appears that there has been no net loss of forage lichens 

for caribou at the tree level, and that ten years after logging, we are beginning to see the 

expected shift in genus composition toward more Bryoria and less Alectoria.  This shift is 

not detrimental to caribou, who prefer Bryoria when both genera are available (Rominger 

et al. 1996).  However, stand level lichen loading within the partial-cut harvesting areas 

remains about a third lower than that of adjacent (uncut) old-growth forests -- based on 

the original level of basal area removal – as the regenerating trees do not appear to have 

grown enough to accumulate substantial biomass of forage lichens. 

 

Conclusion: The changes in the lichen community that are occurring at the Pinkerton site 

are consistent with patterns that have been observed at other partially cut sites in the 

Engelmann Spruce – Subalpine Fir Zone, reviewed by Stevenson and Coxson (2007). As 

the understory residual trees develop and begin to shade the lower canopies of the larger 

residuals, there are likely to be further changes in the lichen community.  As the residual 

stand grows, it will be important to monitor not only the lichens on the large trees, but 

also the developing lichen communities on the regeneration.  
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Figures: 

 

Figure 1. Location of the Pinkerton Mountain study area and layout of the harvest block. 
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Figure 2. Frequency distributions of changes in lichen abundance class (above) 

and percent Alectoria class (below) from 2001 to 2008 in the unharvested control 

area (C), the group selection area (GS), and the single-tree selection area (STS) at 

Pinkerton Mountain.  N = 131. 
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