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1.0 Abstract 
 
Coarse woody debris (CWD) is a major structural component of sub boreal spruce 
forests and is an important habitat substrate for lichen and bryophyte (moss and 
liverwort) species. Lichens and bryophytes have been found to be particularly 
sensitive to changes in landscape attributes resulting from disturbance such as patch 
size of mature forest. The purpose of this project was to examine the influence of 
CWD characteristics (e.g., diameter, tree species) and landscape characteristics 
(e.g., patch size), both of which can be altered by forest management, on 
macrolichen and bryophyte communities.   
 
The composition of lichen and bryophyte communities varied by decay class with the 
highest diversity of species occurring on intermediately decayed CWD.  Height off the 
ground and CWD tree species were also important characteristics defining lichen and 
bryophyte communities.  This study highlights the importance of maintaining a variety 
of CWD substrates in order to maintain a diversity of lichen and bryophyte species.   
 
Wildlife tree patches averaging 1.1 ha in size showed a decline in liverwort and moss 
species diversity and cover over time since isolation.  Liverworts in particular showed 
a steady decline over time.  However, these patches did have more CWD available 
and maintained some moss and lichen species that were at low cover or absent from 
the surrounding clearcut.  Patch size showed no influence for the patch sizes studied.  
Patch orientation influenced lichens and bryophytes differentially with decay class 
with moss and liverwort cover and diversity higher on north facing edges for decay 
classes 1-3 and south facing edges for decay class 4.  These results indicate that 
wildlife tree patches in their current size and configuration may be maintaining 
common moss and lichen species but may not be maintaining sensitive liverworts 
and sensitive moss species.   
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2.0  Introduction 
 
Coarse woody debris (CWD) forms an important habitat for lichens and bryophytes 
(mosses and liverworts) in forest habitats.  Coarse woody debris is an ever evolving 
substrate with characteristics such as decay class, bark cover, proximity to ground 
and related microclimate conditions changing over time.  These interrelated 
characteristics influence the composition of lichen and bryophyte communities on 
CWD and result in shifting communities.  Some species of moss and liverwort are 
restricted to CWD substrates in old-growth forests and may be associated with 
specific decay classes (Anderson and Hytteborn 1991, Rambo and Muir 1998).  The 
influence of coarse woody debris characteristics on lichen and bryophyte species has 
not been well examined for sub boreal spruce forests in central British Columbia.  
This study aimed to examine how a variety of ecological factors, especially those 
which are most often modified by disturbance, influence the species richness and 
abundance of lichen and bryophyte species.  The influence of CWD characteristics 
(diameter, height, % bark coverage, decay class, CWD species) and forest stand 
gradients (moisture, and nutrient regime) on macrolichen and bryophyte communities 
on CWD was examined.   
 
Unharvested patches have been required to be left in harvested areas since about 
1995 by government regulation to assist in the retention of specific wildlife features 
and habitats on the landscape (B.C. Ministry of Forests and B.C. Ministry of 
Environment, Lands, and Parks 1995).  To what extent these patches may also be 
acting to conserve other species of plants, lichens and bryophytes has not been 
widely examined.  Forest harvesting has been identified as a threat to lichen and 
bryophyte diversity in British Columbia and worldwide (Christy 1992, Goward 1994, 
Ryan 1996).  Forest harvesting can affect lichen and bryophyte communities through 
changes to microclimate and changes in forest structure and substrate availability, 
including availability of CWD in a range of decay classes (e.g. Frisvoll and Presto 
1997).  Lichens and bryophytes are sensitive to microclimate conditions including 
light, moisture and temperature and, in particular, their productivity and distribution 
may be limited by moisture availability (e.g. Palmqvist 2000, Turetsky 2003).  
Clearcut harvesting can result in a decline in forest mosses and liverworts of 90% in 
the first year (Nelson and Halpern 2005) and even after 10 years, a largely different 
lichen and bryophyte species assemblage remained in clearcut sub boreal spruce 
areas as compared with the surrounding forests (Botting and Fredeen 2006).  
Liverworts in particular, are sensitive to the loss for interior forest conditions and are 
often the first species to be lost from a disturbed forest system (Lesica et al. 1991, 
Soderstrom 1988).  In addition, some lichen and bryophyte species are dispersal 
limited and forest fragmentation can affect their ability to colonize disturbed areas 
(Dettki et al. 2000, Fenton and Frego 2005, Sillet et al. 2000).  Wildlife tree patches 
may act as islands of species retention in the midst of clearcuts which are largely 
devoid of forest dependant lichen and bryophyte species.  Also, wildlife tree patches 
may be able to act as a propogule source to assist dispersal limited species in 
recolonizing the disturbed area over time as the clearcut matures.  The importance of 
patch size and orientation is of interest as is the ability of these patches to maintain 
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lichen and bryophyte species over time since isolation.  Given the importance of 
CWD as a substrate for lichens and bryophytes, comparisons of species 
communities on CWD should be a useful means of indicating landscape level effects 
such as changes in patch size.   
 
The mountain pine beetle outbreak has affected 7 million ha of land in BC and has 
had significant impacts on the forests of central British Columbia.  The gradual 
progression from live pine trees through tree death, needle loss and eventually tree 
fall may influence such factors as precipitation interception, light level, and quantity of 
needle litter, affecting the forest understory and wildlife species (Williston and 
Cichowski 2006).  Williston et al. (2006) found a decline in ground lichens with an 
increase in vascular plant competition, primarily kinnikinnick, in mountain pine beetle 
affected stands.  The influence of varying proportions of dead pine canopy on lichen 
and bryophytes on the elevated CWD substrates has not been examined.     
 
The study had three main objectives:   

1) To characterize the environmental conditions and coarse woody debris 
characteristics that influence lichen and bryophyte diversity and abundance on CWD 
in contiguous forest stands.   

2) To examine the influence of patch size, time since isolation and edge 
orientation of wildlife tree leave patches on their ability to maintain lichen and 
bryophyte communities.   

3) To study the influence of overstory canopy tree species composition and 
proportion of dead pine trees on terrestrial lichen and bryophyte communities in 
mountain pine beetle affected forests.   
 
 
3.0  Methods 
 
3.1  Study area 
 
The study was conducted in central British Columbia within the Prince George, 
Vanderhoof and Fort St. James Forest Districts (Figure 1).  Sample plots were 
located in the sub-boreal spruce biogeoclimatic zone within the dk, dw2, dw3, mc2, 
mc3, mk1 biogeoclimatic units (Meidinger and Pojar 1991).  Stands in these areas 
are dominated by lodgepole pine (Pinus contorta var. latifolia), hybrid spruce (Picea 
glauca x engalmannii) and Douglas fir (Pseudotsuga menziesii) with lesser amounts 
of trembling aspen (Populus tremuloides), paper birch (Betula papyrifera) and sub-
alpine fir (Abies lasiocarpa).  Lodgepole pine in this region has been affected by the 
mountain pine beetle outbreak and the proportion of dead standing pine in stands 
ranges from low percentage in spruce dominated stands to the majority of the upper 
canopy in pine dominated stands.  The climate is characterized by long snowy 
winters and short warm summers with moderate precipitation (DeLong et al. 1993).   
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Figure 1 – Location of the study sites in central British Columbia.   
 
 
3.2  Study site selection   
 
Study sites were located in two stand types: 1) wildlife tree patches >0.6ha in size 
that had been isolated (i.e., logged around) over years ranging from the present to 
>10 years ago and 2) contiguous forest areas with varying proportions of pine in the 
canopy (Table 1).  Wildlife tree patches were selected in which <33% of the canopy 
was composed of dead lodgepole pine, in order to reduce influence of dead pine, and 
in which no salvage logging had occurred within the patch.  The patches ranged in 
size from 0.6 ha to 3 ha and had been logged between 2005 and prior to 1998.  The 
study was constrained by the ability to locate accessible patches with <33% pine in 
the canopy which had not been salvaged logged and which were >0.6 ha in size.     
 
In contiguous forest, plots were located in areas with <33%, 33-66%, or >66% dead 
lodgepole pine in the canopy.  Dead pine trees were defined as beetle killed 
lodgepole pine which had reached the grey dead stage (dead for >4 years).  As the 
mountain pine beetle outbreak originated in west central BC, the Vanderhoof Forest 
District was affected prior to the Prince George Forest District.  In this study, all 
stands with > 33% dead pine were located in the Vanderhoof Forest District.   
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In 2006, a CWD study undertaken by Timberline Natural Resources Group surveyed 
lichens and bryophytes on CWD in stands with differing canopy compositions in the 
Prince George Forest District.  Plots from that study from old, mesic pine stands were 
compared to plots from pine stands in this study.  Data collection methods were 
similar to those used in this study, full details of study methods can be obtained in 
Timberline Natural Resource Group and DeLong (2007).   
 
 
Table 1 – Types of study site locations.   

Plot type % pine in canopy Year of isolation Size 

2006-2003 
 

2002-1999 
 

0.8-1.1 ha 
1.5-1.7 ha 

Small 
wildlife 
patch 

<33% 

<1999 
2.2-5 ha 

 
<33%   

33-66%   Contiguous 
forest 

66-100%   

 
 
3.3  Plot layout and  coarse woody debris transects 
 
At each study plot, three 50 m transects were established forming an equilateral 
triangle.  The first transect followed a random compass bearing with the second and 
third transects at that bearing plus 120 degrees.  In wildlife tree patches, the 
triangular plots were located centrally in the patch such that all three transects would 
fit inside the patch.  In contiguous forest sites, plots were located greater than 50 m 
from the closest edge.   
 
Coarse woody debris that intercepted each 50 m transect line were assessed for 
CWD characteristics and/or their lichen and bryophyte community.  In wildlife tree 
patches, all three transects were assessed for both CWD characteristics  and lichen 
and bryophyte communities while in contiguous forest sites, both assessments were 
conducted on the first 50 m transect and only CWD characteristics were assessed on 
the second and third transects.  A minimum transect length of 50 m for assessment 
of lichen and bryophyte diversity was determined based on preliminary species area 
curves (C. DeLong unpublished data).   
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CWD was defined as pieces of downed wood ≤7.5 cm diameter, >2 m long and 
<1.35 m off the ground, at the point of transect interception.  CWD did not include 
stumps, snags, or live trees.  If a tree trunk and branch of sufficient size both 
intercepted the transect, each was counted as a separate piece of CWD.  CWD 
decay was measured using the characteristics in Table 2, which assign decay 
classes from 1 - 5 with 1 being the least decayed and 5 being the most decayed 
(DeLong et al. 2005).  CWD of decay class 5 was not sampled in this study as this 
class is often mainly dominated by feathermoss and largely incorporated into the soil 
matrix.   
 
 
Table 2 - Log decay classes based on structural integrity and soundness of sapwood 
and heartwood (from DeLong et al. 2005).   
Decay class Characteristics 

1 Solid log with sound sapwood and heartwood.  
 

2 Structurally sound log with preliminary signs of sapwood 
decay. 

3 Round log with structural integrity that supports its weight.  
Part of the sapwood in advanced stages of decay.  

4 Log resting on the ground, unable to support its own weight 
due to heartwood decay. 

5 Log incorporating into the forest floor with the roots of 
coniferous and deciduous vegetation ramified throughout the 
sapwood and heartwood. 

 
 
CWD diameter was measured perpendicular to the CWD piece at the point of 
transect line crossing and again at 1.3 m from the base of the tree bole.  At the point 
of interception of the transect line with a piece of CWD, its height off the ground, and 
the cardinal direction perpendicular to the piece were taken.  The CWD species, 
percent coverage of bark and decay class of the CWD were also recorded.  CWD 
volume was calculated following Marshall et al. (2000).   
 
Lichen and bryophyte communities were assessed on CWD at the point of 
interception of the transect line.  A smaller tape was wrapped around the CWD as far 
as possible and the length of this line was recorded as the length of substrate 
available for lichen and bryophyte colonization.  Along this line, the length of 
occurrence of each macrolichen and bryophyte species was recorded.  In addition, 
the CWD piece was divided into four quadrants, numbered 1 – 4, which indicated the 
species’ position on the log (Figure 2) and the quadrant or quadrants of occurrence 
of each species along the line was recorded.  The length of occurrence of 
feathermosses (Pleurozium schreberii, Hylocomnium splendens, Rhytidiodelphus 
triquetrus and Ptilium crista-castrensis) was recorded along the line as well as an 
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indication of their vigour (from 1 - 4 where 1 is very healthy and 4 is mainly dead).  
Next, a 20 cm belt was delineated on either side of the tape line (total 40 cm belt).  
The presence and quadrant of occurrence of any macrolichen and bryophyte species 
not already recorded along the line were recorded.  Species which could not be 
identified reliably in the field were collected for later identification.   
 

 
Figure 2 – Quadrants of occurrence around a piece of CWD recorded for lichen and 
bryophyte species.   

Direction of 
approach 

Quadrant 1 

Quadrant 2 Quadrant 3 

Quadrant 4 

Coarse woody 
debris piece 

 
 
3.4  Lichen and bryophyte identification and nomenclature  
 
Attempts were made to identify or collect all moss and liverwort species occurring on 
CWD.  All macrolichen species were surveyed in this study, however, crust lichens 
and pin lichens were not examined.  Feathermosses were lumped in this study, as 
they are common to most sites, and included Pleurozium schreberii, Hylocomnium 
splendens, Rhytidiodelphus triquetrus and Ptilium crista-castrensis.  For the 
purposes of this study, distinction was not made between Cladonia ochrochlora and 
Cladonia coniocraea, all were called Cladonia ochrochlora.   
 
Moss and liverwort identification was conducted by Olivia Lee (UBC Herbarium).  
Lichen species identification was done by Rachel Botting (MoFR) with verification or 
identification of some species by Trevor Goward (Enlichened Consulting).  A 
reference collection was created and is held at the Ministry of Forests and Range, 
Prince George, BC.   
 
3.5  Site characteristics 
 
GPS location points were recorded at the end of each transect and a basal area 
sweep was conducted to determine the basal area of live, red dead and grey dead 
tress in the plot.  Additional stand characteristics were measured inside the plot 
triangle.  Dominant canopy tree species were recorded and two trees of 
representative diameter were cored to determine the average age of the stand.  The 
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most common shrub and herb species were recorded.  A soil pit was dug and coarse 
fragment content and soil texture within the rooting zone were assessed according to 
B.C. Ministry of Environment, Lands, and Parks and B.C. Ministry of Forests (1998).  
The moisture and nutrient regimes of the site were assessed and a site series 
designation was given to the plot according to DeLong et al. (1993).   
 
3.6 Data Analysis  
 
Non metric multidimentional scaling ordination (NMS; Kruskal 1964, Mather 1976) 
was conducted using PCORD software (McCune and Mfford 1999).  A subset of 
CWD pieces from mesic contiguous forest plots was used for the ordination with 
macrolichen and bryophyte species on CWD pieces as the ordinated unit.  All pieces 
of CWD with only one species occurrence and all NVP species with only one 
occurrence were removed from the database.  Beals smoothing was applied to the 
species data to alleviate the zero truncation problem commonly found with this type 
of sparse species data (McCune and Grace 2002).  NMS ordination of lichen and 
bryophyte species from CWD in mesic contiguous forest plots had a stress of 10.4 
and an instability of 0.0004.  NMS ordination of lichen and bryophyte species from 
decay class 2 CWD from mesic old forest plots had a stress of 13.8 and an instability 
of 0.0005.   
 
 
4.0  Results  
 
4.1  Coarse woody debris and site conditions affecting lichens and bryophytes in 
contiguous forest areas with <33% pine canopy  
 
4.1.1  Species diversity 
 
In total, 101 species of lichens and bryophytes were identified on CWD in sub boreal 
spruce forest stands with <33% pine including 40 species of moss, 20 species of 
liverwort and 41 species of macrolichen.   
 
4.1.2  CWD decay class  
 
Liverwort cover and total species diversity increased from low values on decay class 
1 CWD to maximum values on decay class 3 CWD and a slight decline on decay 
class 4 CWD (Figure 3 and 4).  Moss species diversity was maximal in decay class 2.  
The cover of feathermosses increased steadily to a maximum in decay class 4 while 
the cover of non-feathermoss species reached a maximum plateau in decay class 3 
and 4.  Lichens also reached maximum total diversity in decay class 2 (whether 
common arboreal lichens were included or not) and had maximum cover in decay 
class 3.  The high total diversity on decay class 2 CWD may be partially attributable 
to the greater abundance of these logs in the forest compared with logs of higher 
decay class.  When species diversity was examined per CWD piece, different trends 
emerged (Figure 5).  With arboreal lichens excluded, liverworts, macrolichens and 
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mosses all reached maximum average diversity per CWD piece on decay class 3 
CWD though mosses showed only a slight decline on decay class 4 CWD.   
 
Lichens and bryophytes exhibited a change in community composition with decay 
class.  Mosses shifted from being rare on decay class one to being dominated by 
Brachythecium and Dicranum species on decay class 2 and 3 to being dominated by 
feathermosses (Pleurozium schreberii, Hylocomnium splendens, Rhytidiodelphus 
triquetrus and Ptilium crista-castrensis) on decay class 4  More desiccation tolerant 
liverwort species, such as Ptilidium, were abundant on decay class 2 while other 
species increased in abundance on more decayed CWD.  As decay class increased, 
lichens showed a transition in species from those commonly found arboreally (e.g. 
Parmelia and Hypogymnia) through to Cladonia species and then cyanolichens such 
as Peltigera and Nephroma species.   
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Figure 3 – Species diversity of liverworts (LW), lichens (L) and mosses (M) on CWD 
of decay class 1-4 including (A) and not including (B) common arboreal lichen 
species.   
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Figure 4 - Average % cover of liverworts (LW), lichens (L), mosses (M), and 
feathermosses (FM) along the CWD line for decay classes 1-4.  Lichen species that 
are commonly arboreal were not included.  Standard error is given.   
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Figure 5 - Average species diversity of liverworts (LW), lichen (L) and mosses (M) 
per piece of CWD for CWD of decay classes 1-4 including (A) and not including (B) 
common arboreal lichen species.  Standard error is given.   
 
 
4.1.3  CWD species 
 
The tree species of the CWD piece influenced macrolichen and bryophyte species 
diversity.  Sufficient replication of the range of CWD species was only available for a 
comparison of CWD species for decay class 2, likely due in part to difficulties in 
reliable CWD species identification beyond decay class 3.  For decay class 2 CWD, 
the highest total moss species diversity was observed on aspen CWD followed by 
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spruce CWD (Figure 6).  Lichens and liverworts both showed highest diversity on 
Douglas fir CWD.  When species diversity was examined on a per piece of CWD 
basis, liverworts and lichens both showed the highest average diversity on Douglas 
fir CWD while mosses had equivalent average diversity on aspen and Douglas fir 
CWD (Figure 7).   
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Figure 6 -  Total number of species of bryophytes and lichens found on coarse 
woody debris of decay class 2 for different tree species (at-trembling aspen, bl-
subapline fir, fd-Douglas fir, pl-lodgepole pine, sx-hybrid spruce, un-unknown).   
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Figure 7 – Average species diversity of liverworts (LW), lichens (L) and mosses (M) 
per CWD piece by CWD species for decay class 2 CWD on mesic sites (at-trembling 
aspen, bl-subapline fir, fd-Douglas fir, pl-lodgepole pine, sx-hybrid spruce, un-
unknown).  Standard error is given.     
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4.1.4  CWD diameter and height from ground 
 
When common arboreal lichen species were excluded from analysis, liverworts, 
mosses and lichens all showed a steep decline in both species richness and cover 
with the height from ground of CWD pieces (Figure 8 and Figure 9).  In fact, 
bryophytes and lichens had almost negligible cover and diversity beyond 10 cm off 
the ground.   
 
No trend was observed between liverwort, moss or lichen species diversity and CWD 
diameter.  This was the case whether decay classes or CWD tree species were 
examined separately or together.   
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Figure 8 – Diversity of liverworts (LW), lichens (L), and mosses (M) with increasing 
height from ground.  Lichen species that are commonly arboreal were not included.   
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Figure 9 – Percent of the CWD line covered by liverworts (LW), lichens (L), and 
mosses (M) with increasing height from ground.  Lichen species that are commonly 
arboreal were not included.   
 
 
4.1.5  Bark cover   
 
When average lichen and bryophyte species diversity per piece of CWD were 
examined, diversity was generally highest on CWD with no bark cover and the lowest 
on CWD with 100% bark retention (Figure 10).  When hybrid spruce CWD pieces 
were examined alone, a more steady decline in diversity of lichen and bryophyte 
diversity was observed as % bark cover increased.   
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Figure 10 – Average species diversity per piece of CWD for liverworts (LW), lichens 
(L) and mosses (M) by % bark cover.  Lichen species that are commonly arboreal 
were not included.  Standard error is given.   
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4.1.6  Ordination 
 
Non metric multidimentional scaling of lichen and bryophyte species from CWD in 
mesic contiguous forest plots resulted in a 2 dimensional solution.  Axis one 
explained 81% of the variation and was most related to decay class (r2=0.41), height 
from ground (r2=0.55) and % feather moss cover(r2=0.34) (Figure 11).  The vectors 
indicate that height is almost inversely related to decay class.  When CWD pieces 
are displayed by decay class, separation of decay class 1 and decay classes 3 and 4 
is visible.  Decay class 2 overlaps with both decay class 1 and decay class 3 and 4 in 
terms of species composition.  This is to be expected given the range of variability 
present in this decay class.   
 
Non metric multidimentional scaling ordination of decay class 2 CWD from mesic old 
forest plots was used to examine lichen and bryophyte species distribution in relation 
to CWD tree species (Figure 12).  Axis 1 explained 57% of the variation and axis 2 
explained 31% of the variation.  Only % feathermoss was related to axis 1 with an r2 
of 0.31.  When CWD pieces are displayed by CWD tree species, some separation of 
CWD species can be observed.  Pine shows the most distinct grouping.  Subapline 
fir, Doglas fir and spruce also grouped largely separately.   

Height

Decay

Bark

%FM

Axis 1

A
xi

s 
2

Decay
1
2
3
4

 
Figure 11 – Non-metric multidimentional scaling ordination of macrolichen and 
bryophyte species from mesic, continuous forest plots showing the environmental 
vectors of CWD height, % bark remaining, decay class and % feathermoss cover.  
Each point is a piece of CWD displayed by decay class.   
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Figure 12 – Non-metric multidimentional scaling ordination of macrolichen and 
bryophyte species from decay class 2 CWD from mesic, continuous forest plots 
showing the environmental vector of % feathermoss cover.  Each point is a piece of 
decay class 2 CWD displayed by CWD tree species (At=aspen, Bl=sub-alpine fir, 
Fd=Douglas fir, Pl=lodgepole pine, Sx=hybrid spruce, Un=unknown) with circles 
encompassing the pieces of CWD of certain species.   
 
 
4.2  Effectiveness of wildlife tree patches in maintaining lichen and bryophyte 
communities on CWD and factors affecting these communities   
 
4.2.1  Time since isolation 
 
Wildlife tree leave patches that ranged in size from 0.6 - 1.7 ha (average 1.1 ha) and 
had been isolated by clear cut logging between 2005 and ≤1998 were compared to 
examine the effectiveness of wildlife tree patches in maintaining lichen, liverwort and 
moss communities.  Differences in the structural characteristics of CWD were 
measured between these patches.  The quantity of decay class 1 CWD pieces was 
double in patches isolated <1998 as compared to contiguous forest (Figure 13).  
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Average height from ground of CWD pieces increased with patch isolation time from 
an average of 10 cm height in contiguous forests to almost 20 cm height in patches 
isolated prior to 1998 (Figure 14).  This increase in height is likely due to the 
increased quantity of decay class 1 logs which may be hanging up on each other.  
Coarse woody debris volume varied widely by plot (average volumes: forest 126 
m2ha-1, 2004-2005 116 m2ha-1, 1999-2001 143 m2ha-1, <1998 105 m2ha-1, clearcuts 
50 m2ha-1).  Clearcuts showed significantly lower volumes when compared to the 
forest plots, less than half that of the forest.  The average diameter of CWD pieces 
was significantly smaller in wildlife tree patches than in the forest, varying from 17 cm 
in diameter in patches to 29 cm in diameter in the forest.   
 
The number of liverwort species per plot declined steadily with patch isolation time, 
being highest in contiguous forest (Figure 15).  Both arboreal and non arboreal 
lichens showed an initial decline in diversity but rebounded at the longest time since 
isolation.  Lichen and bryophyte diversity were considerably lower in the clearcuts 
surrounding the patches isolated <1998 than in the patches themselves.   
 
Liverwort cover also declined steadily since time of isolation (Figure 16).  Moss cover 
declined by half from forest values to those of 2001-1999 and stabilized after 2001.  
Lichen cover again showed a decline followed by a rebound over time.   
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Figure 13 – Average number of pieces of CWD of each decay class (1-4) occurring 
in plots from contiguous forest and from small patches isolated in 2004-2005 or 
1999-2001 or prior to 1998 (standard error given for n=4 or 5).   
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Figure 14 – Average height from ground of CWD pieces in plots from contiguous 
forest and from small patches isolated in 2004-2005 or 1999-2001 or prior to 1998 
(standard error given for n=4 or 5).    
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Figure 15 – Average species diversity per plot of liverworts (LW), lichens (including 
arboreal species, L arb, and not including arboreal species L noarb) and mosses (M) 
for plots in contiguous forest, in small patches isolated in 2004-2005 or 1999-2001 or 
prior to 1998, and in clearcuts (standard error given for n=4 or 5).   
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Figure 16 – Average % cover of liverworts (LW), lichens (including arboreal species, 
L arb, and not including arboreal species, L noarb) and mosses (M) for plots in 
contiguous forest and in small patches isolated in 2004-2005 or 1999-2001 or prior to 
1998 (standard error given).   
 
 
4.2.2  Patch size 
 
The size of wildlife tree patches was compared for a subset of patches isolated prior 
to 1999 that ranged in size from 0.8 ha to 3.3 ha.  No trend in average lichen or 
bryophyte species diversity per plot was observable with varying patch size nor was 
there any obvious trend in species cover with patch size (Figure 17).   
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Figure 17 – Average species diversity of liverworts (LW), lichens (L) and mosses (M) 
on CWD of decay classes 3 and 4 for plots in wildlife tree patches of sizes 0.8-1.0 ha, 
1.6-1.7 ha, and 2.3-3.3 ha with a year of isolation of 1998 or 1999 (standard error 
given for n=4 or 5).   
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4.2.3  Patch orientation   
 
Coarse woody debris from transects along northern patch edges (350° - 90° 
orientation) and along southern patch edges (135° - 270° orientation) were 
compared.  The effect of edge orientation differed by CWD decay class.  Liverwort 
and moss cover and diversity were both higher on CWD on north facing edges for 
decay classes 1 - 3 and higher on CWD on south facing edges for decay class 4 
(Figure 18 and Figure 19).  Lichens showed a more variable pattern though also had 
higher cover and diversity on CWD on south facing edges for decay class 4 CWD.   
 
 
4.3  Influence of overstory canopy species on bryophyte and lichen communities 
 
4.3.1  Influence of increasing dead pine canopy  
 
In 2007, plots were completed in stands with >66%, 33-66% and <33% grey-dead 
lodgepole pine canopy and in 2006 plots were completed in stands with pine 
dominated canopy (>66%) which was largely red dead pine.  A comparison of the 
total number of species of liverwort, lichen and moss between these four stand types 
shows a decline in species richness of all species groups with increasing proportion 
of pine in the canopy.  A comparison between the two stand types with >66% pine 
but with differing stages of tree death indicated that the influence of pine death is less 
clear.  Species richness was lower with longer time since tree death for decay class 3 
and 4 CWD but was higher for decay classes 1 and 2.  Low numbers of decay class 
3 and 4 CWD was found in all three stand types with >33% pine.   
 
The total number of species found on decay class 2 pine CWD logs was low for all 
forest types.  Stands with <33% pine and stands with > 66% grey dead pine were 
compared.  The total number of lichens and mosses was lower in the >66% stands 
and the average number of liverworts and lichens per piece of CWD was lower in the 
>66% stands (Figure 21).  Insufficient replication of pine CWD was available in decay 
classes 3 and 4 to allow for comparisons.   
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Figure 18 – Total species diversity of liverworts (LW), lichens (L), and mosses (M) from CWD of decay classes 1-4 from 
south and north facing aspects of wildlife tree patches.  Lichen species that are commonly arboreal were not included.   
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Figure 19 – Average % line cover of liverworts (LW), lichens (L) and mosses (M) on CWD of decay 1-4 on south and 
north facing wildlife tree patch edges (standard error shown).  Lichen species that are commonly arboreal are not 
included.   
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Figure 20 – Total species diversity of liverworts (LW), lichens including (L arb) and not including arboreal lichens (L no 
arb), and mosses (M) by decay class (1-4) for plots in stands with (A) <33% pine 2007, (B) 33-66% grey dead pine 2007, 
(C) >66% red dead pine 2006, (D) >66% grey dead pine 2007.   
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Figure 21 – Total number of species (A) and average number of species per piece of 
CWD (B) for decay class 2 CWD from plots in stands with <33% pine and stands with 
>66% grey dead pine (standard error shown).   
 
 
5.0 Discussion 
 
Coarse woody debris decay class influenced lichen and bryophyte communities with 
macrolichen and bryophyte cover and diversity both increasing from decay class 1 to 
decay classes 3 and 4.  Liverwort and lichen abundance peaked in decay class 3 
while mosses, and particularly feathermosses, had high abundance in decay class 4.  
The reduction in the cover and diversity of liverworts and lichens on decay class 4 
may be partially attributable to competition from the high cover of feathermosses on 
the more decayed CWD.  These results concur with those of other studies that have 
found CWD in the mid and later stages of decay to have the highest diversity of 
bryophytes (e.g. Rambo 2001).  Many liverworts and mosses, are desiccation 
sensitive  and may require the moisture buffering characteristics of CWD in the later 
stages of decay (Green and Lange 1995, Lesica et al. 1991).  The lichen and 
bryophyte community composition changed as decay class increased with different 
species groups dominating each decay class.  All of these results highlight the 
importance of maintaining CWD in all stages of decay and concur with other studies 
that have stressed the need to maintain a continuum of CWD decay classes in order 
to maintain species habitat (Rambo and Muir 1998).   
 
Height of CWD pieces from the ground had a pronounced effect on lichen and 
bryophyte abundance with both lichens and bryophytes being scarce beyond 10 cm 
off the ground.  The importance of height from ground may be related to both decay 
class and moisture availability as logs which are suspended above the ground 
generally have lower moisture availability and increased wind drying.  As well, decay 
class 3 and 4 CWD, which are more diverse, are more likely to be on or near the 
ground as they loose the ability to support themselves.  These results have 
implications for wildlife tree patches and other areas of high wind throw, for although 
these areas may have high inputs of new CWD, the ability of this CWD to be used by 
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lichens and bryophytes will be hindered if the CWD is entangled and held off the 
ground.  This problem is compounded by a slower decay rate when logs are not in 
contact with the ground.  Coarse woody debris suspended off the ground is not likely 
to become colonized by lichens and bryophytes until decay has brought it to the 
ground.   
 
A greater number of species were observed on CWD with no bark cover than CWD 
with 100% bark retention, however, these results are complicated by the fact that 
bark retention is related to decay class and is also affected by the CWD species.  
Liverworts and mosses seemed to be most common on CWD species with no bark, 
however, they are also more common on CWD in later stages of decay.  Some tree 
species (i.e. Douglas fir and aspen) hold their bark for a more prolonged period, 
retaining bark further into the decay process.  As well, Douglas fir CWD in decay 
class 2 and 3 often have high bark retention but as seen in this study may have high 
bryophyte and lichen species diversity.  This differential rate of bark loss was noted in 
a coastal study which found that spruce lost all bark in 60 years while Douglas fir lost 
all bark in 190 years and found that differences in succession patterns between CWD 
species were caused by differences in bark fragmentation patterns (Harmon 1989).  
It is difficult to separate the effects of decay class and CWD species from that of bark 
cover.   
 
Non metric multidimentional scaling ordination showed fairly distinct separation of 
CWD tree species of decay class 2 CWD and subapline fir, lodgepole pine and 
Douglas fir grouped independently.  For decay class 2 CWD, aspen showed the 
greatest diversity of mosses while Douglas fir showed the greatest diversity of 
liverworts and lichens.  Interestingly, both aspen and Douglas fir are species that 
retain their bark further into the decay process and both species may have full bark 
coverage well into decay class 3.  It is possible that this greater diversity is due to the 
greater stability of these bark substrates assisting in earlier species colonization.  
Comparisons of lichen and bryophyte diversity across CWD species on decay class 3 
and 4 CWD were not possible due to low replication of some CWD species and the 
difficultly of reliable CWD species identification in these classes, however, further 
study of diversity patterns across decay classes would be of interest.   
 
Coarse woody debris volumes for wildlife tree patches and contiguous forest were in 
the range of values recommended by Timberline Forest Resource Group and 
DeLong (2007).  The increased decay class 1 CWD in wildlife tree patches as 
compared to contiguous forest is likely due to increased recent windthrow.  In 
examining 2 ha forest patches, Burton (2002) found that after 9-20 years, wildthrow 
was 46% higher, on south facing edges, and 19% higher, on north facing edges, than 
in the forest matrix.  The significantly lower CWD diameters and increased height 
from ground observed in the wildlife tree patches could have implications for the 
usability of the CWD pieces that are being input into the patches.  This CWD may not 
be as usable until it decays sufficiently to reach the ground.     
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Wildlife tree patches of an average size of 1.1 ha lost liverwort and moss species 
over time since isolation by logging.  Particularly, liverwort diversity and abundance 
declined steadily suggesting that wildlife tree patches in their current configuration do 
not show the ability to maintain liverwort communities over time.  The sensitivity of 
liverworts to old growth forest and interior forest conditions have been documented 
(e.g. Lesica et al. 1991, Crites and Dale 1998, Newmaster et al. 2003).  Nelson and 
Halpern (2005) also found that 1 ha patches were sufficient to maintain the most 
common mosses but were not enough to maintain liverwort species.  It may be that 
these wildlife tree patches serve to maintain moss and lichen species which are not 
too sensitive to change but do not maintain the most sensitive species.  As well, 
given the isolation of these patches, it is not likely that these sensitive species will be 
able to easily recolonise the area.   
 
As compared to the clearcut matrix, wildlife tree patches do constitute a source of 
CWD over time, even though many trees may fall as windthrow in the first few years.  
With CWD volumes of more than double those of the clearcut, these patches could 
become a source of valuable CWD as the clearcut grows up around it.  However, if 
the patches are not acting as a refuge for sensitive species, these species may still 
have difficulty dispersing back into the area as conditions improve.   
 
This study did not find any influence of patch size between patches ranging from 
approximately 1 ha to 3 ha patches.  Moen and Jonsson (2003) found that the edge 
environment extends 50 m into the forest patch and edge effect may extend even 
farther into the patch for liverworts implying that all of a 1 ha patch would be affected 
and over a third of a 3 ha patch would be impacted.  This may indicate that in these 
open forests, patches of 3 ha are still influenced by the opening.  Comparisons with 
larger wildlife tree patches would be of interest to observe at what size a patch 
begins to resemble a contiguous forest in terms of lichen and bryophyte community 
composition.  In addition, the sample size of this study was low and the full range of 
variability of wildlife tree patches across the landscape may not have been captured.  
Further work on the influence of patch size is required.     
 
Edge orientation affected moss and liverwort cover differentially with decay class.  
The higher liverwort and moss cover and diversity on north facing edges on decay 
class 1-3 CWD and on south facing edges for decay class 4 CWD may be related to 
moisture constraints and irradiance.  Generally, moisture is less available on less 
decayed CWD and irradiance and resulting drying are likely greater on the south 
facing edges.  In fact, Burton (2002) found irradiance to be elevated for 65-70 m into 
patches on the southern edge.  On the more decayed, decay class 4 logs, moisture 
may be sufficiently available to allow for increased growth on the more desiccated 
southern edge.  Liverworts on decay class 4 logs may also be responding to 
increased shading from the more abundant feathermosses, making light a more 
limiting factor than moisture on the decayed logs.  Hylander (2005) found differential 
terrestrial moss growth on south and north edges with greater growth rates on 
northern edges.  Lichens did not seem to be consistently influenced by edge 
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orientation.  Similarly, Gignac and Dale (2005) found that edge effects had less 
impact on lichen than on bryophyte diversity.   
 
Increased domination of the canopy by MPB killed lodgepole pine led to decreased 
species richness of all species groups and lower average number of species per 
piece of CWD.  In particular, reduced species richness and cover were observed on 
the more decayed pieces of CWD.  The reduction in species richness in these pine 
dominated stands may be due to increased drying in these open stands.  In 
particular, species associated with the more decayed pieces of CWD may be 
experiencing proportionally greater impacts from the drying, resulting in the much 
lower diversity observed.   
 
Comparisons were made between pine dominated stands (>66% pine) from two 
different periods in pine tree death, green/red pine beetle attack and grey attack.  
The results of this comparison are not clear and appear to differ depending on CWD 
decay class.  CWD in the later stages of decay appear to have fewer species over 
time since canopy pine death while less decayed CWD appears to have moregreater 
species.  With no pre MPB attack data for these stands it is difficult to interpret these 
results. There is now an opportunity to continue to monitor the plots established in 
2007 to observe if there are continued changes in lichen and bryophyte species 
compositions over time.  Williston and Cichowski (2006) documented a decline in 
terrestrial lichens on submesic sites over time since mountain pine beetle attach 
which they attributed to a corresponding increase in competing vascular plants, 
particularly kinnikinnick.  Whether increased vascular plant competition will occur on 
CWD is not known.  Changes in light and nutrient regimes may also affect the 
competitive balance between lichens and bryophytes on CWD.  Further monitoring is 
required to determine the influence of pine tree death from mountain pine beetle 
attack on the lichen and bryophyte community.   
 
 
6.0 Conclusion and management implications 
 
This study concurs with previous studies that have indicated that availability of CWD 
in a range of decay classes is necessary to conserve a range lichen and bryophyte 
species.  The importance of CWD in intermediate and later stages of decay for moss 
and liverwort species was highlighted.  Differences in lichen and bryophyte 
communities between different species of CWD are also of interest and speak to the 
importance of mixed stands in contributing CWD.  Management options should 
incorporate maintenance of sufficient quantities of quality CWD to conserve lichen 
and bryophyte species.   
 
In their current size and configuration, wildlife tree patches do not seem to conserve 
liverwort and sensitive moss species over time.  They may be able to conserve less 
susceptible species of mosses and lichens but may not be sufficient for sensitive 
species.  Retention of larger patches (i.e., > 4 ha) is likely required to preserve the 
more sensitive liverwort species over time.  In addition, the edge aspect of wildlife 
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tree patches should be taken into consideration in wildlife tree patch configuration as 
the increased light penetration on south facing edges may further affect liverworts 
and mosses.   
 
The smaller diameter of CWD in wildlife tree patches along with the tendency for the 
recent windthrow to become hung up and elevated off the ground may influence the 
quality of new CWD in these patches given the importance of height from ground on 
bryophyte and lichen communities. Unpublished work by C. DeLong on windthrow in 
wildlife tree patches indicates that windthrow is higher in small patches and 
decreases up to patches of 4 ha when windthrow is at levels equivalent to contiguous 
forest. This would support the above recommendation of retention of larger patches 
for management of sensitive species.   
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