
Introduction
The Tweedsmuir-Entiako caribou (Rangifer 
tarandus caribou) herd summers in the North 
Tweedsmuir Park area, moves through the East 
Ootsa area during spring and fall migration, and 
winters in the Entiako and East Ootsa areas. 
During winter, caribou select mature lodgepole 

pine (Pinus contorta) forests on poor sites 
and forage primarily by cratering through the 
snow to obtain terrestrial lichens (Cichowski 
1993). The current mountain pine beetle (Den-
droctonus ponderosae) outbreak has affected 
signifi cant areas of mature lodgepole pine 
caribou winter range in the East Ootsa and 
Entiako areas (Figure 1). This study was initi-

Figure 1. Landscape attacked by mountain pine beetle in the East Ootsa area.
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Table 1.  Number of plots established in each treatment/site series.

ated in 2001 to address the absence of available informa-
tion on the effects of mountain pine beetles on terrestrial 
forage lichens and relatively limited information on the 
effects of forest harvesting.  

The objective of this project is to gain an understanding 
of how terrestrial caribou forage lichen species respond 
to forest harvesting and mountain pine beetle distur-
bances in the East Ootsa and Entiako areas.  

This project is based on measuring changes in lichen 
abundance using permanent photoplots. Year 1 was con-
sidered the control or pre-treatment year and all years 
following are considered treatment years. The forest 
harvesting treatment is characterized by the sudden loss 
of the forest canopy, while the mountain pine beetle 
treatment is characterized by the gradual loss of the 
forest canopy. We did not establish control plots that we 
would also follow through time since we were doubt-
ful that they would remain untreated due to the rapid 
expansion of the mountain pine beetle attack. Plots were 
also established on post-harvested sites in the East Ootsa 
area to provide initial comparisons between harvested 
and unharvested sites.

Although we collected comparative plot information in 
Year 1, the analysis of the photographic data depends on 
monitoring over time since photographs obtained in the 
first year are only comparable to the same photographs 
taken in subsequent years. Changes in harvested plots 
are expected to be rapid because several species will die 
back within the first season once the canopy is removed. 

Other species are also expected to ‘release’ within the 
first year or two of when the canopy is opened. In con-
trast, changes within stands affected by mountain pine 
beetles are expected to be slower because beetle-killed 
trees retain their structural functions for several years. 
Changes within beetle-killed stands may not become 
evident for two or three years. 

Terrestrial lichen response to forest harvesting and 
mountain pine beetles depends on competition from 
other plants such as red-stemmed feathermoss (Pleuro-
zium schreberi) and kinnikinnick (Arctostaphylos uva-ursi) 
and on site type, and may vary between biogeoclimatic 
subzones due to varying overall site conditions. In the 
East Ootsa and Entiako areas, we sampled site series in 
four biogeoclimatic subzones: the dry cool subzone of 
the Sub-Boreal Spruce zone (SBSdk); the Babine variant 
of the moist cold Sub-Boreal Spruce subzone (SBSmc2); 
the moist cold subzone of the Sub-Boreal Pine-Spruce 
zone (SBPSmc); and, the moist cold subzone of the Engel-
mann Spruce-Subalpine Fir zone (ESSFmc). We treated 
each site type within each biogeoclimatic zone as a 
separate site. Because we selected sites within site series 
in each subzone that supported high lichen cover, they 
did not necessarily typify those site series. Therefore, the 
information presented here is representative of localities 
that support high lichen cover within these site series/
subzones and cannot be used to characterize average 
conditions within site series or subzones.
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Treatment
Forest Harvesting
(Years 2+)

Mountain Pine 
Beetles (Years 2+)

Forest Harvesting
(Year 1)

Pre-
treatment
(Year 1)

Pre-
treatment
(Year 1)

ESSFmc – East Ootsa

   Subxeric (03) 5 5 5

SBSmc2 – East Ootsa

   Submesic (01c) 7 7 7

   Subxeric (02) 5 5 5

SBSdk – East Ootsa

   Subxeric (03) 7 7

SBPSmc – Entiako

   Subxeric (02) 4

   Submesic (01b) 5

   Mesic (01a) 5



Methods
•   During Year 1, we established 65 permanent sample plots in the 

East Ootsa area in the SBSdk, SBSmc2 and ESSFmc biogeocli-
matic subzones and 14 permanent sample plots in the Entiako 
area in the SBPSmc subzone (Table 1). All plots were estab-
lished in red attack, which was considered pre-treatment.

•   Basic site information for each 200 m2 circular plot (7.98 
m radius) was collected including GPS location data (UTM 
coordinates), elevation, slope, aspect, stand age, dbh and canopy 
closure. Vegetation cover for shrubs, herbs, bryophytes and 
lichens was estimated and an oblique photograph was taken 
at each plot. Stand density was recorded by tree species and 
size, and by status of mountain pine beetle attack for lodgepole 
pine trees. Coarse and fine woody debris was also measured to 
assess potential obstruction to caribou mobility.

•   Terrestrial lichen cover was documented by photographing 
permanently marked lichen colonies within a 75 cm x 75 cm 
frame (Figure 2). Six to 12 photoplots were established in each 
permanent plot. Each photoplot was categorized as belonging 
to one of five lichen community types and an ocular estimate 
of the terrestrial lichen abundance for each photoplot was 
recorded (Figure 3).  The influence of any overstory trees was 
recorded, along with the state (beetle attacked or green) of 
the trees. Percent cover of lichens on each photo was later 
analyzed using image analysis software.

•   In addition to the permanent sample plots, we transplanted 
terrestrial forage lichens to red-stemmed feathermoss colonies, 
and vice versa, to document competition. Five replicates were 
established. Each transplanted colony was permanently marked 
and photographed within a 50 cm x 50 cm frame (Figure 4). 

•   During Year 2, we collected additional information at perma-
nent plots in the East Ootsa area including canopy openness 
using a fish-eye camera and additional coarse woody debris 
data. We also collected soil moisture data at SBSmc2/01c plots 
and established growth rate monitoring sites for terrestrial 
lichen, red-stemmed feathermoss and kinnikinnick at three 
SBSmc2/01c sites. Furthermore, we marked treatment plots for 
mountain pine beetle or forest harvesting treatment and re-
photographed the transplants. For the Entiako area, we estab-
lished one more permanent plot in the SBPSmc/02 site series.

Figure 2. Documenting lichen cover with photography.

Figure 3.  Cladina-moss-kinnikinnick lich 
community.

Figure 4.  Lichen colony transplanted to a 
moss site.
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Results
Because these are the first two years of a study that documents 
the changes within plots using repeated measurements over a 
number of years, information presented here is preliminary and 
describes the initial conditions within subzones/site series prior to 
treatments. However, information from the already harvested sites 
and our initial observations provide some preliminary short-term 
response trends.

•   Lodgepole pine was the dominant canopy tree on most plots, 
and stand ages averaged 114 to 177 years. Mountain pine beetle 
attacked trees accounted for an average of 50-77% of all trees 
and 61-83% of the lodgepole pine trees for each site series. 
Lodgepole pine was the dominant understory tree species on 
all sites except on ESSFmc/03 (control and harvested) and on 
SBSmc2/02 harvested sites where subalpine fir (Abies lasiocarpa) 
was dominant and lodgepole pine was the second most preva-
lent.

•   SBSmc2/01c (submesic) sites in our study support an open 
understory dominated by feathermoss with caribou forage 
lichen cover averaging 8% (Figure 5). Red-stemmed feathermoss 
mortality was high on harvested plots, and we expect lichen 
cover to increase slowly. On unharvested sites, kinnikinnick 
appears to be restricted to the dry zone beneath canopy trees; 
however, increased insolation after harvesting could lead to a 
modest increase in kinnikinnick.

•   SBSmc2/02 (subxeric) sites in our study are more open, have 
a lower shrub and red-stemmed feathermoss cover, typically 
occur on eskers, and support a greater abundance of terrestrial 
forage lichens (as much as 25%) than SBSmc2/01c sites (Figure 
6). Red-stemmed feathermoss appears to be restricted to the 
cover of soopolallie (Shepherdia canadensis) while kinnikinnick 
again appears to be confined to the dry zone beneath canopy 
trees. We do not expect a large change in the caribou forage 
lichen cover following forest harvesting if the forest floor 
remains undisturbed.

•   SBSdk/03 (subxeric) sites in our study are characterized by a 
very open understory with forest floor vegetation dominated 
by kinnikinnick on drier microsites (in the dry zone beneath 
canopy trees), red-stemmed feathermoss on humid microsites 
(in canopy gaps but also beneath soopolallie) and terrestrial 
forage lichens, which make up the matrix surrounding the kinni-
kinnick and red-stemmed feathermoss (Figure 7). On harvested 
plots, red-stemmed feathermoss abundance was lower than, 
kinnikinnick abundance was higher than, and terrestrial forage 
lichens abundance was similar to abundance on unharvested 
plots. On harvested plots, we expect red-stemmed feathermoss 
to continue to diminish until shrubs and saplings become estab-
lished and restore slightly more humid microsites. As kinnikin-
nick rapidly expands to occupy the forest floor after harvesting, 
terrestrial forage lichens are also expected to decrease in 
abundance. 

•   ESSFmc/03 (subxeric) sites in our study are characterized by 
an open understory with forest floor species including crow-
berry (Empetrum nigrum), black huckleberry (Vaccinium mem-
branaceum) and dwarf blueberry (Vaccinium caespitosum), with 
red-stemmed feathermoss and kinnikinnick less abundant than 
at low elevations (Figure 8). On harvested plots, mortality of 
crowberry and some of the moss species was high, but cari-
bou forage lichen abundance remained similar to unharvested 
plots. On harvested plots, we expect pioneer Cladonia species 
to respond more rapidly than Cladina species with the reduc-
tion in competition. Cladina species are expected to increase 
in cover until the forest is regenerated sufficiently to provide a 
suitable microclimate for crowberry and mosses. Successional 
processes are expected to occur more slowly in the ESSFmc 
than at lower elevations because of a short growing season and 
cool year-round temperatures.

Figure 5.  SBSmc2/01C

Figure 6.  SBSmc2/02
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•   The SBPSmc supports a greater abundance of terrestrial forage 
lichens than any other subzone in our study area. Terrestrial 
forage lichens average 16% (and up to 50%), 10% and 2% on 
the 02 (subxeric) (Figure 9), 01b (submesic) (Figure 10) and 01a 
(mesic) (Figure 11) sites respectively in our study. Mesic sites 
normally support few lichens; however, we selected mesic sites 
with open canopies, which supported a higher abundance of 
lichens than on average mesic sites.

•   Coarse woody debris (>7.0 cm) was greater on harvested sites 
(Figure 12) than on control sites (Figure 13) in the ESSFmc/03 
and in the SBSmc2/01c, and similar on control and harvested 
sites in the SBSmc2/02 and SBSdk/03. Small woody debris 
(<7.0 cm) was greater on harvested sites than on unharvested 
sites in all subzones. Currently, the amount of coarse woody 
debris is generally low on all sites sampled and is not enough 
to impede animal movements. On mountain pine beetle-killed 
sites, coarse woody debris is expected to increase as mountain 
pine beetle-killed trees (50-77% of the trees on each site) are 
blown over.

•   Transplant results from Year 2 are preliminary as they include 
only one growing season since the transplant. Control trans-
plants (lichen in a lichen matrix and moss in a moss matrix) 
showed no signs of mortality and thus we assumed that 
transplanting, itself, did not produce an effect. Changes among 
transplants (lichen transplanted to a moss matrix and moss 
transplanted to a lichen matrix) were small, all below 1.6%; 
however, there appeared to be a trend toward a decrease in 
the cover of transplanted lichens and an increase in the mosses. 

•   Moisture in the forest floor was highest in the canopy gap and 
low under the tree canopy and in the cutblock. The mineral soil 
moisture was not statistically different among gaps, under trees 
and in cutblocks. This soil moisture pattern reflects low rain 
interception and low evapotranspiration in the canopy gap, high 
rain interception and evapotranspiration under the canopy tree, 
and low rain interception and high evaporation in the clearcut.

•   Growth rate monitoring was established for terrestrial forage 
lichens (Cladina) and red-stemmed feathermoss in Year 2 and 
depends on repeated measurements in subsequent years; there-
fore, no growth data is available for Cladina and red-stemmed 
feathermoss this year. For kinnikinnick, our data suggests that 
growth rates among plants growing under trees and those in 
gaps appear to be equivalent while growth rates in cutblocks 
are suppressed, which may be due to the effects of shock fol-
lowing harvesting or to a different growth strategy in response 
to increased light. 

•   Initial fisheye photographs suggest that, on average, both canopy 
openness and light availability are highest on forested ESSFmc/
03 and SBSmc2/02 plots and lowest on SBSmc/01c plots (Figure 
14). However, the purpose of fisheye photographs is to docu-
ment change in canopy openness and light availability as the 
canopy changes due to mountain pine beetles and harvesting 
and will be based on repeated photographs during subsequent 
years. 

Figure 7.  SBSdk/03

Figure 8.  ESSFmc/03

Figure 9.  SBPSmc/02
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Discussion
Since this project requires multiple year measurements to draw 
conclusions, the results in this report are preliminary and mainly 
describe initial conditions prior to treatments. Plots will be re-
measured and re-photographed in Year 3 (2003/04), which will 
provide information on the initial response of terrestrial forage 
lichens to mountain pine beetle attack. The forest harvesting treat-
ment has not yet been applied to pre-treatment sites in the East 
Ootsa area so preliminary information on the initial response of 
terrestrial forage lichens to forest harvesting is currently based on 
already harvested sites. Forest harvesting on pre-treatment plots 
should be conducted this winter (2003/04).  

Although results from our first two years of study are preliminary, 
our observations suggest that terrestrial forage lichen patterns and 
trends from one subzone cannot be used to generalize patterns 
in neighbouring subzones. Caribou forage lichen responses to dis-
turbance are highly dependent on ecological conditions, including 
competing vegetation. 

Our project focuses on the effects of forest harvesting and moun-
tain pine beetle disturbances on caribou terrestrial forage lichens 
but does not address whether caribou will use this disturbed habi-
tat. Caribou may choose to avoid harvested and/or mountain pine 
beetle-killed stands for various reasons even if terrestrial lichens 
respond favourably. Further investigation is required to assess 
caribou use of winter habitat disturbed by mountain pine beetles 
and forest harvesting.

Figure 10.  SBPSmc/016

Figure 11.  SBPSmc/01a

Figure 12.  Coarse woody debris on harvested site. Figure 13.  Coarse woody debris on unharvested site.
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Recommendations
The following are preliminary recommendations based 
on trends we observed in the field during Years 1 and 2 
and on recent literature. These recommendations focus 
on maintaining or enhancing lichen abundance, or on 
minimizing the impacts of forest harvesting on terres-
trial lichens.

1.  Forest harvesting should be avoided on sites that 
support abundant terrestrial forage lichens wher-
ever possible since sites that support a high cover 
of lichens are uncommon in the East Ootsa area, 
especially in the SBSmc2 and ESSFmc.

2.  Terrestrial forage lichen sites should be buffered 
from openings by approximately two tree-lengths 
and be joined to the surrounding forested matrix 
by a corridor to allow caribou access to lichen sites without 
having to cross large openings. Partial cutting (for instance 
30% removal) could be considered in the lichen buffers and 
access corridors if harvesting is not expected to reduce the 
wind-firmness of the remaining trees or to reduce canopy 
snow interception resulting in snow accumulations that impede 
caribou movements. 

3.  If harvesting is to occur on a site with lichen, soil disturbance 
during forest harvesting should be minimized to reduce the 
loss of terrestrial forage lichens (e.g. winter harvesting, machine 
free zones). Also, the amount of slash left on a block should be 
minimized to curtail the loss of terrestrial forage lichens and 
provide easier travel for caribou (e.g. whole tree harvesting 
with roadside processing). 

4.  Post-harvest site treatments such as broadcast burning and 
trenching should be avoided on sites that contain terrestrial 
forage lichens since they are detrimental to the recovery of 
terrestrial forage lichens in managed stands. Lichen recovery 
following these site treatments could be postponed by tens of 
years.

Figure 14.  Fisheye photography
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