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Abstract: Windward slopes of the inland mountain ranges in British Columbia support a
unique temperate rainforest ecosystem. Continued fragmentation and loss of old-growth
forests in this globally rare ecosystem has led to calls for the identification of conservation
priorities between remaining stands. We address this question by surveying the relative
abundances of 37 canopy macrolichens with a 70-km2 area of the upper Fraser River
watershed. To ensure adequate representation of landscape-scale old-growth forest
characteristics, we divided study plots equally among leading tree species and between
broadly defined sites of “wet” and “dry” relative soil moisture. Other variables included:
minimum mean annual temperature, mean annual precipitation, solar loading, and canopy
openness. We used two statistical techniques: Nonmetric Multidimentional Scaling
ordination for analysis of lichen assemblages and logistic regression to evaluate the habitat
conditions of a subset of 8 lichen species previously identified as “old-growth associated”.
Ordination suggested that community assemblages were greatly influenced by both
the presence and abundance of bipartite cyanolichens. These communities correlated well
with increasing levels of relative soil moisture, temperature, precipitation, and canopy
openness, with little to no significant effect of tree leading species. Logistic regression
models identified relative soil moisture and temperature in all parsimonious models.
Leading tree species, in combination with moisture and temperature, were important factors
explaining the presence or absence of 5 of 8 modeled lichen species.
Our results emphasize the importance of maintaining representative areas of oldgrowth forests that are potentially less prone to natural disturbances such as fire. Of
concern to the maintenance of lichen populations in old-growth inland temperate rainforests
is the continued loss of old-growth forest cover in low-elevation water-receiving sites. We
recommend conservation of these wet topographic positioned areas to meet provincially set
ecosystem-based old-growth threshold targets for the purpose of maintaining biological
diversity and ecological integrity.
We have also examined the impact of edge effects on canopy lichens, comparing the
influence of traditional clearcut harvest blocks with harvest blocks that have a high level of
retained trees (variable retention harvest blocks). These results show significant sensitivity
to edge effects in the canopy cyanolichens L.retigera. We suggest that increased use of
variable retention harvesting systems, in which a substantial number of residual trees are
left along cutblock edges, has the potential to reduce the impacts of forest harvesting on
canopy lichen biodiversity in retained old-growth forest patches.
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Introduction:
BC’s wet-belt forests were historically dominated by old-growth forests, reflecting the long
fire return intervals (average time between which a fire could be expected to occur in any
given spot) that characterize windward slopes on BC’s interior mountain ranges (DeLong
1998, DeLong 2007 ). The introduction of commercial forest harvesting in this region, and
particularly the widespread adoption of clearcut forest harvesting as the dominant
silvicultural system, has now fragmented many of these old forest stands, creating a mosaic
of different aged forest stands. This has raised major questions for forest managers:
•

How should conservation biology priorities be determined for remaining old
forest stands within BC’s upper Fraser river watershed?

•

What steps should be taken to insure that biological values are maintained
within remaining old forest stands?

•

What forestry practices will best maintain biodiversity values associated
with old forest stands in regional landscapes?

Our examination of these questions had three major parts.
We have examined key factors which support lichen biodiversity at a landscape level.
Working within a 70 km2 area of cedar-hemlock and sub-boreal spruce forests of the upper
Fraser River watershed (Map 1) this has resulted in the identification of a series of
“biodiversity hotspots”, old-growth forest stands that support exceptional canopy lichen
communities (both species diversity and abundance). Ecological characteristics associated
with the development of these biodiversity hotspots were ranked using ordination and
logistic regression approaches, allowing us to evaluate the importance of factors such as
stand age, tree species composition, precipitation, temperature, and groundwater
availability.
We have examined the impact of past forest harvesting practices on canopy lichen
communities within wet-belt forests, primarily through the examination of edge effects and
edge type on canopy lichen communities. Edge creation affects forest microclimate. In
general, forest edges experience greater temperature extremes, lower humidity, more
sunlight, and higher wind speeds than the forest interior (Chen et al. 1995). These
microclimate changes stimulate further changes in forest structure and composition in the
zone of edge influence. In many forested areas, fragmentation has developed to the extent
that the zone of edge influence is becoming a dominant component of the landscape
(Harper et al. 2005). Our research findings suggest that forest edges have significant effects
on canopy lichen communitiesin BC’s north wetbelt, especially on canopy cyanolichens – an
indicator group that is often associated with old-growth forest canopies.
We have also examined how lichen communities respond to alternative forest harvesting
practices, in a series of measurements taken five years after harvesting. This last set of
measurements had inconclusive results, suggesting that a greater time period is required to
assess canopy lichen response to post-harvest changes in canopy structure.
Methods
Landscape level canopy biodiversity assessments.
Landscape level assessments of canopy lichen communities were conducted in 53
stands, these randomly chosen from 120 GIS candidate polygons (Map. 1). Selection
criteria for eligible polygons included: a) location in the ICHvk2 and in the adjacent SBSvk
(within 5 km of the ICHvk2) biogeoclimatic subzones; b) forest greater than 140 years in
age; c) cedar, hemlock, or spruce leading; d) 500 m or less from road access (for logistical
purposes) and; e) at least 50 m from cutblock edges, riparian areas, and deciduous forest
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types. We used the B.C. Ministry of the Environment Predictive Ecosystem Mapping (PEM)
database (an ecosystem mapping conducted at a 1:50,000 scale) and the B.C. Ministry of
Forests Vegetation Resources Inventory (VRI) database to identify candidate polygons that
met our selection criteria. Sampling within old growth forests was stratified to ensure
representation from each of cedar-, hemlock-, and spruce-leading stands (using VRI), and
from stands representing both wet or dry BRSM conditions (using PEM).
Lichen assessment plots were surveyed using survey methods of McCune et al.
(2000) using a species checklist adapted from Goward et al. 1994. Each macrolichen species
observed was given an abundance rating between 0 and 4 (with the exception of Lobaria
pulmonaria): 0 = absent, 1 = rare [1-3 individuals/plot], 2 = uncommon [4-10
individuals/plot], 3 = common [>10 individuals], 4 = very abundant [covering more than
half of available substrates].
Diameter at breast height (DBH) (1.3 m) was measured for all stems greater than
16.5 cm DBH within research plots, categorized by live and dead stems and identified by
tree species. Relative Soil Moisture (RSM) of each stand was classified on a seven point
scale using the moisture regime key in DeLong (2003), which incorporates measurements of
slope, mesoslope, aspect and soil texture.
Predicted mean annual precipitation and temperature for each stand was obtained
from the Canadian Forest Service (CFS) regional climate database (Hutchinson 1995). We
used mean monthly minimum temperature for the months March-October in our analysis;
this reflected the seasonal time period during which most lichen growth occurs (Coxson and
Stevenson 2007). Potential solar insolation was calculated using SAGA-GIS Version 2.0
(Scilands GmbH, Göttingen, Germany) solar radiation model.
Nonmetric multidimensional scaling (NMS) ordination was used to examine trends in
lichen community composition across stands (PC-ORD V. 4.0, McCune and Mefford 1999).
We then used a general linear regression model to evaluate the following variables against
ordination scores for Axes 1 and 2: temperature (TEMP), precipitation (PRECIP), solar
insolation (SOLAR), canopy openness (OPEN), relative soil moisture (RSM), and basal area
of cedar (BACw), hemlock (BAHw), spruce (BASx), and subalpine fir (BASf). Variables were
tested for multicollinearity (Stata Corporation 2002, College Station, Texas). For all
variables, we used a tolerance score of < 0.2 to indicate significant multicollinearity (Menard
2002).
We used logistic regression to identify important environmental factors that
influenced the distribution of lichens observed in our sample plots. We fit logistic regression
models to presence-absence data for Cavernularia hultenii, Lobaria retigera, Nephroma
isidiosum, Nephroma occultum, Platismatia norvegica, Peltigera collina, Sticta fuliginosa and
Sticta oroborealis, species previously identified as old-growth associated by Goward (1994).
More detailed descriptions of methodology and data analysis for this part of the
research project are detailed in Radies et.al. (2008).
Assessments of Edge Effects.
The impact of edge effects was examined using transplant studies, where lichens from
sheltered forest interior sites were transplanted along transect lines placed at various
distances from the edges of cutblocks. The first phase of our project examined growth rates
of Lobaria pulmonaria – a lichen that has both green algae and cyanobacteria, and is one of
the most abundant cyanolichens of the northern wetbelt. Because of the high biomass of
this nitrogen-fixing species, Lobaria pulmonaria is thought to play an important role in the
nitrogen budget of these stands. In the second phase of our project we added Lobaria
retigera – a lichen species that contains cyanobacteria, but no green algae.
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We used paired study sites of Benson & Coxson (2002) located on Viking Ridge (530
51’ 38” N, 1210 33’ 50” W) and in the Hungary Creek watershed (530 49’ 53” N, 1210 28’ 44”
W). These sites were between 900 and 1000 m a.s.l. on north to northwesterly facing
slopes with an inclination of between 7° and 23°. Lichen samples for these growth studies
were tied onto mesh-covered platforms that were suspended from the lower branches of
trees (see Figure 1). The canopy light environment of lichen enclosures was measured using
hemispherical (fisheye) photographs, taken at the point of placement of each lichen cage
within the lower canopy. Once a year, the lichens were brought into the laboratory and
weighed in a special room in which the temperature and humidity were controlled. The
relationship between mean annual dry matter gain [g (g DW)-1] of enclosed lichens over the
two year assessment period and canopy light transmission (or % canopy openness) was
evaluated by linear regression using SYSTAT 8.0 (SPSS Inc., Chicago, Ill). Indicator
(dummy) variables were introduced as categorical variables to linear regressions to
determine whether study block type (OG or EA) significantly affected relationships between
dry matter gain and canopy light transmission/openness. Significance in statistical tests
was assumed at a probability value of p < 0.05 in t-tests on individual coefficients.
More detailed descriptions of methodology and data analysis for this set of project
measurements are provided in Coxson and Stevenson (2007) and Coxson and Stevenson
(2008).
Assessment of Canopy Lichen Biodiversity in Partial-Cut Retention Harvesting Blocks.
Lichen assessments were conducted within each of the four treatment areas in the Lunate
Creek silvicultural system trial. The treatments were: 0% post-harvest retention or
“clearcut” (CC); 30% post-harvest retention or “group retention” (GR); 70% post-harvest
retention or “group selection” (GS), and 100% retention or “unlogged control” (UN). Group
retention patches were 1 to 2 tree heights in diameter, or approximately 0.1 to 0.4
hectares, and group selection openings were similar in size. Wherever possible, we
randomly allocated harvesting treatments among available treatment units. Harvesting was
conducted in winter 2001 on a settled snowpack. Preharvest assessments were conducted
in summer 2001. Post-harvest assessments in summer 2006. A further description of study
sites is available from Jull et al. (2000).
Cyanolichen abundance (# of thalli) was assessed on marked branches within each of the
harvest units. Candidate branches had to satisfy three criteria. First, they had to be
positioned between 1.5 m and 2.5 m above the ground. These values were determined both
by the depth of the winter snowpack (most lichens die when subject to prolonged burial
under snow), and by the reach of field workers. Portions of branches extending beyond
these limits were excluded from study. Second, they had to be alive; living branches are
more likely than dead branches to remain intact over the five year duration of this study.
And third, only Tsuga branches were examined. Being tolerant of shade, Tsuga is much
more likely than other tree species to remain in a foliated condition over time, especially
within the lower canopy.
Results and Discussion.
Our studies indicate quite different response to edge effects between the two study species.
Lobaria pulmonaria tolerated edge conditions fairly well, growing at about the same rate
along clearcut edges as it did at 60 m back into the stand. Growth was even enhanced a
short way back from the stand edge, probably due to the combination of a protective
canopy and increased light from the edge (Coxson and Stevenson 2007). Lobaria
pulmonaria specimens that were exposed to high light near clearcut edges developed a
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brownish, “sun-tanned” appearance, reflecting the deposition of pigments that help protect
them from light damage (Gauslaa and Solhaug 2001). This color change did not appear to
have any detrimental effect on the lichens’ growth rate – many of the darkest specimens
were growing as well as the paler ones.
In marked contrast, transplanted thalli of Lobaria retigera largely died when placed
near traditional clearcut edges (Coxson and Stevenson 2008), suggesting a much greater
sensitivity on the part of bipartite cyanolichens to edge effects. Edge effects on Lobaria
retigera were mitigated, however, when harvest blocks contained high levels of retained
trees, our so-called “soft” edges.
The greater sensitivity of Lobaria retigera transplants to “hard” (clearcut) harvest
edges (Fig. 2) has major implications for forest managers in northern B.C. We would
recommend the adoption of partial-cut or variable retention harvesting practices
in managed forests within the ICHvk2 as a means of insuring greater retention of
canopy biodiversity over multiple harvest rotations. This substitution should occur
within a larger management framework where core areas of high canopy biodiversity are
placed in protected areas or old-growth management zones. Where harvest blocks fall
adjacent to protected areas or old-growth management areas variable retention harvesting
should mandated to create buffer zones for sensitive canopy lichen species.
Assessments of lichen diversity and stand structural characteristics found greatly
reduced canopy lichen diversity in submesic (drier) sites, such as hemlock forests on
hillslopes (Radies et.al. 2008). In marked contrast, old forest stands in wet toe-slope
positions (hygric and sub-hygric sites) supported rich canopy lichen communities . Many of
the lichen species found in old forests growing on these wet toe-slope positions were
species that were very rare or largely absent elsewhere within the regional landscapes.
Many of the individual lichen species show strong microsite preferences. The threatened
canopy cyanolichen Nephroma occultum, for instance, was found mainly in wet cedardominated old forests, whereas another rare canopy lichen Sticta oroborealis, was found in
a range of wet habitats, irregardless of forest composition. Logistic regression analysis of
these distribution patterns was combined with GIS-based inventory data of stand ecological
attributes (from Predictive Ecosystem Mapping and Vegetation Resource Inventory
databases) to predict lichen biodiversity in wet-belt forests of the upper Fraser River valley
(see Maps 2 and 3 below).
Our analysis of canopy lichen diversity in regional landscapes of the upper
Fraser River watershed suggests that old forest stands located in wet toe-slope
positions represent biodiversity hotspots (see Map 2 below). We would hypothesize
that site continuity (time between major disturbance vents, such as fire) in wet toe-slope
positions (well in excess of a thousand years at many sites) fosters the accumulation of rare
lichen species. Lichen growth in these sites is further enhanced by the nutrient rich status of
these wet toe-slope positions, which receive groundwater flow (and hence nutrients) from
higher elevations, and by the dominance of these sites by old western redcedars, which
provide nutrient enriched microsites for lichen establishment within forest canopies. Lichen
populations found within these wet toe-slope positions likely sustain many of the smaller
(and often ephemeral) lichen populations within surrounding landscapes, as lichen
fragments disperse to surrounding lower quality habitats.
A major project recommendation is that remaining cedar-leading old forest
stands in wet toe-slope positions of the upper Fraser river watershed (in the
ICHvk2) be given immediate consideration for designation as protected areas or
old growth management zones. Though old-growth stands in these wet toe-slope
positions constitute only a small part of the landscape overall (less than 5% of the ICHvk2),
they represent biodiversity "hotspots" that play a key role in sustaining canopy lichen
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biodiversity within broader regional landscapes. At the present time few old-growth forests
in these wet toe-slope positions fall within designated protected areas or old-growth
management zones. Given the disproportionate level of forest harvesting that has already
occurred in wet toe-slope positions in the ICHvk2, we risk extirpation of an internationally
significant assemblage of canopy lichens in the upper Fraser River watershed if further
habitat loss occurs in these areas.
Consideration should also be given to implementing a strategy of placing
buffer zones around remaining cedar-leading old forest stands in wet toe-slope
positions. Forest harvesting in these buffer zones should be restricted to partial-cutting or
variable retention harvesting designs, which have been shown to reduce edge effects on
adjacent canopy lichen communities.
Our assessment of the impact of different harvest treatments on canopy lichen diversity and
abundance in the Lunate silvicultural systems trial was inconclusive. Although an initial
examination of data trends showed a significant post-harvest reduction of cyanolichen
diversity and abundance in all harvest treatments, examination of control plots shows a
similar trends of declining diversity and abundance from 2001 to 2006 (Table 1). Both
harvest blocks and adjacent old-growth forest showed evidence of a localized dieback event,
with small thalli now starting to recolonize branches in both harvest blocks and in the
surrounding old-growth forest. We would hypothesize that a local dieback event has
occurred in this area, possibly resulting from a severe weather event. Coxson and Coyle
(2003) previously documented the sensitivity of Alectoriod lichens to dieback events
resulting from prolonged periods of hydration. We believe the same phenomenon has
occurred in this area for canopy cyanolichens. As a consequence we cannot determine if the
part-cutting harvest blocks provide suitable habitat for canopy cyanolichens at this point in
time. These differences may emerge over the next 5 to 10 years, if no further local dieback
events occur, and point to the importance of long-term monitoring of canopy biodiversity
plots.
Management Recommendations:
1) We would recommend the adoption of partial-cut or variable retention
harvesting practices in managed forests within the ICHvk2 as a means of
insuring greater retention of canopy biodiversity over multiple harvest
rotations.
2) Remaining cedar-leading old forest stands in wet toe-slope positions of the
upper Fraser river watershed (in the ICHvk2) be given immediate
consideration for designation as protected areas or old growth management
zones.
3) Consideration should also be given to implementing a strategy of placing
buffer zones around remaining cedar-leading old forest stands in wet toeslope positions.
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Map. 1. Location of study plots by forest type within the upper Fraser River watershed.
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Map 2. The distribution of 'wet' and 'dry' site series conditions within regional landscapes is
an important predictive variable for understanding the distribution of canopy lichen
communities. This map portrays the distribution of 'wet' and 'dry' sites in old-growth
western red cedar and western hemlock forests (140 years and older) in the wettest variant
of the Interior Cedar Hemlock (ICH) biogeoclimatic zone of the upper Fraser River
watershed (ICHvk2). The dataset for this map comes from the provincial governments'
Vegetation Resource Inventory (VRI) (for age and leading species) and the Predictive
Ecosystem Map (PEM), which identifies site series from ground moisture, aspect, and slope.
Noteworthy features of this map include the location of: 1) 'Dry Cedar leading' (yellow)
forests on south facing and mid-slope positions; 2) 'Wet Cedar leading' (light green) forests
on primarily north facing and toe slope positions; 3) the sparseness of 'Wet Hemlock' forests
(Dark Green); and 4) the increasing abundance of 'Dry Hemlock' on ridge locations and in
drier absolute precipitation conditions to the west (towards Hungary Creek). Preliminary
results from this study identifies the usefulness of dividing (or further refining) the 'mesic'
site series (from the PEM database) into two categories: 'Mesic wet' and 'Mesic dry'. An
assignment of 'Mesic dry' was given to all mesic polygons within PEM where the secondary
site series contained 10% or greater submesic conditions. This refinement will: 1. Increase
our ability to predict more accurately the presence/absence of arboreal macrolichens across
the landscape and; 2. Investigate ecological processes (i.e. fire frequency) and return
intervals between these differing mesic site conditions.
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Map 3. The probability of occurrence of the rare canopy cyanolichen Nephroma occultum in
old-growth western red cedar and western hemlock forests (140 years and older) in the
wettest variant of the Interior Cedar Hemlock (ICH) biogeoclimatic zone of the upper Fraser
River watershed (ICHvk2). Nephroma occultum is listed as a species of concern by the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC) and is widely
regarded as an indicator species of old-growth forest stands. Probability classes (very low,
low, medium, and high probability of occurrence) were derived from standard deviations of
beta predictions generated using logistic regression analysis on presence/absence data for
Nephroma occultum against major environmental variables such as moisture, leading tree
species, temperature, and precipitation.
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Figure 1. Thalli of the canopy cyanolichens Lobaria pulmonaria (shown here) and L. retigera
were placed in mesh transplant enclosures for assessment of edge effects adjacent to
harvest cutblocks.

12

Coarse filter approaches for the conservation biology of canopy lichens in wet interior cedar-hemlock
and sub-boreal spruce forests of central-interior BC. Final Report, FSP Project Y083062.

Figure 2. Percent survival of Lobaria retigera lichen thalli transplanted to “hard” versus
“soft” harvest block edge positions (0, 15 and 60 m form edge).
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Table 1. Pre-and post-harvest lichen biodiversity assessments from Lunate partial-cutting
silvicultural systems trial. IPH = initial pre-harvest lichen assessments, PH = post-harvest
lichen assessments, CP= control plot lichen assessments. Data pooled from all harvest
treatments.
YEAR
2001

2006

2006
Significance*

TREATMENT
IPH
# of thalli
per tree
mean

PH
# of thalli
per tree
se

CP

IPH-PH

mean

se

se

0.06

0.26

Fuscopannaria ahlneri

0.24

0.15

0.02

Hypogymnia bitteri

0.02

0.02

0.00

0.00

0.00

Hypogymnia vittata

0.76

0.23

0.36

0.10

0.00

Leptogium saturnina

0.02

0.02

0.00

0.00

0.00

Lichinodium canadense

0.02

0.02

0.16

0.14

1.25

Lobaria hallii

0.00

0.04

0.03

0.00

14.92

2.34

23.50

11.64

2.25

2.34

3.59

Lobaria retigera

0.00

Lobaria scrobiculata

0.74

0.19

0.02

Nephroma bellum

0.18

0.18

0.00

15.96

1.81

2.60

Nephroma isidiosum

0.56

0.18

Nephroma occultum

0.02

Nephroma parile

0.16

mean

0.14

36.90

PH-CP

# of thalli per tree

Cavernularia hultenii

Lobaria pulmonaria

IPH-CP

na

0.00

p

p

0.25

0.35

0.47

0.69

0.97

0.00

0.00

0.14

0.11

0.37

0.32

0.32

0.11

0.00

0.32

0.32

0.33

0.40

0.00

1.77

0.16
0.00

0.08

0.54
0.18

0.21

0.33

0.27

0.50

0.00

0.00

0.00

0.00

0.37

5.00

4.12

0.32

0.20

0.50

0.61

11.75

10.35

0.00

0.61

0.43

0.34

0.11

0.00

0.00

0.31

0.00

0.03

0.02

0.04

0.04

0.00

0.00

0.66

0.32

0.37

4.56

0.78

0.70

0.18

1.75

1.57

0.00

0.08

0.54

Parmeliopsis ambigua

0.00

0.00

0.42

0.13

0.25

0.35

0.00

0.39

0.67

Parmeliopsis hyperopta

0.00

0.00

0.82

0.20

2.00

0.82

0.00

0.04

0.00

Platismatia glauca

0.36

0.23

14.88

1.71

18.50

7.54

0.00

0.04

0.55

Platismatia norvegica

0.00

0.00

0.42

0.25

0.25

0.35

0.09

0.39

0.68

Polychidium dendriscum

0.00

0.00

0.02

0.02

1.50

2.12

0.32

0.39

0.50

Pseudocyphellaria anomala

0.42

0.13

0.26

0.12

0.00

0.00

0.37

0.00

0.05

Sticta fuliginosa

0.38

0.10

0.10

0.04

0.00

0.00

0.01

0.00

0.17

Sticta limbata

0.02

0.02

0.00

0.32

0.32

Sticta oroborealis

0.04

0.03

0.06

0.65

0.41

Nephroma helveticum

0.02

p

0.00
0.03

0.75

1.06

0.52

*Significance from Bonferonni t-test, paired comparison by species. Comparisons with significant differences (p<=
0.05) are listed in boldface.
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