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INTRODUCTION 

Throughout British Columbia, terrestrial lichens are dominant on sites influenced by 
extreme environmental conditions where other forms of vegetation are less successful.  
They can survive in harsh environments because they are adapted well for persisting 
through periods of heat stress yet are able to re-hydrate and photosynthesise in a very 
short period of time (Lechowicz and Adams 1973, Tegler and Kershaw 1980, 1981).  In 
the Omineca, the field characteristics of terrestrial lichen sites are generally identified as 
dry, nutrient poor lodgepole pine forests (Sulyma 2001).  This generalization has been 
used to predict where lichen sites are situated on the landscape. Models developed 
have used a measure of site productivity (Site Index at 50 years) plus the composition of 
pine and a measure of solar inputs to predict which stands have the greatest likelihood 
to support terrestrial lichens (McNay et al. 2006, Sulyma 2001).  Model validation 
activities confirmed the success of the predictive modeling approach (McNay and 
Sulyma 2003, Sulyma and McNay 2004) and subsequently resulted in the delineation of 
large areas of pine-lichen forests that are managed as low elevation winter range for 
northern caribou (Province of BC 2005a, b, 2007).  
 
The development of lichen communities in the Omineca follows a succession trajectory 
commencing with a Cladonia (club lichen)/polytrichum moss phase, followed a Cladina 
(shrub lichen) phase and end, after approximately 150 years, in a feather moss phase 
(Coxson and Marsh 2001).  But personal field observations over the past eight years 
have revealed that not all lichen sites follow the succession paradigm documented by 
Coxson and Marsh (2001).  Variation in community development has been observed 
both within and between sites.  For example, within dry, pine-lichen forest located in the 
Germansen and Manson areas Sulyma and Coxson (2001) identified that both moss and 
lichen dominated microsites could exist in the same stand, and that the dominance 
expressed for a microsite was influenced by the effectiveness of the overstory at 
intercepting solar radiation.  Variation on the temporal scale of succession between sites 
has also been observed throughout the Omineca.  Observations have been made near 
Ominicetla Creek where several lichen dominated vegetation communities were in 
stands with trees in excess of 200 years old but other much younger, dry, pine-lichen 
stands were observed that were further along the succession trajectory (Sulyma 2001).  
Given the variation in community development we believe the designation of any 
particular site should be expressed along a gradient from successional types through to 
pyro-climax1 types.  The factors that dictate where a site is situated on this gradient 
strongly relate to site characteristics, in particular soil conditions and the corresponding 
nutrient and moisture availability (Sulyma 2001).   
 
Throughout the Omineca a relatively broad spectrum of site conditions can be found in 
dry, pine-lichen forests.  Soil texture can range from pure sand to sandy loams and the 
coarse fragment content can vary from nil to more than 60% (Sulyma 2001; unpublished 
data, Wildlife Infometrics Inc., Mackenzie, BC). Relatively coarse-textured soils with high 
coarse fragment proportions have low moisture holding capability and poor nutrient 
availability compared to finer textured soils (Brady 1984) and the effects of lower 
moisture and nutrient availability are manifested in the species composition and 
lushness of vegetation (Barbour et al. 1987, Crawley 1997, Sulyma 2001).  Our intent for 

                                                      
1 The term pyro-climax is used here to imply that, although the site appears to be at a climax of vegetation 
succession, it is not and fires generally halt and re-initiate the succession without it ever reaching the true 
climax condition. 
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this project was to determine if available Geographic Information System (GIS) datasets 
were suitable to identify differences of successional status within dry, pine-lichen forests.   
 
Delineation of successional from pyro-climax lichen types within UWR areas was 
expected to provide useful information for forest managers and wildlife biologists.  
Current UWR policy was chosen based on the expectation that forest management 
could be used to maintain the abundance of low-elevation habitat for caribou, but in light 
of the mountain pine beetle (Dendroctonus ponderosae).epidemic and the current 
economic climate of the forest industry, there is a high likelihood that timber cutting in 
pine-lichen forests will be avoided.  Alternate management activities to forestry are also 
being explored through the Omineca region including the use of prescribed burning.  
However, uncertainty still bounds decisions on which sites should be burned and which 
ones will provide the greatest gains for the investment.  By delineating those sites that 
undergo succession processes from those that are pyro-climax types, resource 
managers can focus efforts to promote the greatest gain for caribou winter range 
management.  This project provides a first step in determining if successional from pyro-
climax types can even be delineated using a GIS. 

STUDY AREA 

The study area was the dry, pine-lichen forests in the west portion of the Mackenzie 
Forest District approximately 150 km northwest of the town of Mackenzie (Figure 1).  
Individual field sites were located in the drainages of the Mesilinka, Osilika, Omineca, 
and Germansen Rivers and were within areas modeled as low-elevation, northern 
caribou ungulate winter range (McNay et al. 2006, Province of BC 2007).  These 
drainages are situated in the southern portion of the Chase caribou herd range and the 
northern extent of the Wolverine caribou herd range (Heard and Vagt 1998). 
 
All sites are within the Stikine dry cool Boreal White and Black Spruce (BWBS dk1) 
biogeoclimatic unit.  This unit is dry relative others in the same geographic region 
receiving an average annual precipitation of only 417 mm of which  over 50% usually 
occurs as growing season precipitation (DeLong 2004).  The measured mean annual 
temperature for this biogeoclimatic unit was -0.3ºC but estimates using PRISM data 
indicate an annual mean as low as -0.7ºC (DeLong 2004).  The landscape of the dry, 
pine-lichen forests was characterized as flat to rolling relief that has a southerly aspect.  
Soils in the area were typically coarse textured Dystric Brunisols of a glacio-fluvial origin 
(Young and Alley 2007).  The stands were dominated by lodgepole pine forests (McNay 
et al. 2006, Sulyma 2001) which were just beginning to experience the onset of the 
mountain pine beetle outbreak.  The study area was in Natural Disturbance Type 3 
which has a mean fire event interval of 125-years (Province of BC 1995).   

METHODS 

Modeled, low-elevation caribou UWR (CHASE model: pine-lichen winter range model, 
McNay et al. 2006) was the extent within which study sites were selected.  A one 
kilometre buffer was applied to major roads and an intersect procedure was applied on 
the pine-lichen winter range resulting in a subset of polygons that had suitable road 
access to permit the ground surveys. Tradeoffs between survey productivity and 



 4

introducing an unacceptable level of bias were evaluated, but given the uniform nature of 
pine-lichen forest in UWR areas and the fact that most UWRs are well roaded we felt 
selecting sites from the subset of accessible sites provided greater benefits, by allowing 
more data to be collect, than the costs associated with restricting the survey area.  
Within the subset of UWR area, a 500 metre grid was established and a random 
selection of grid vertices provided the basis for the identification of survey locations.  The 
random grid points were overlaid on vegetation resource inventory (VRI) information to 
determine the forest stands to be surveyed.  Many lichen surveys throughout central-
British Columbia focus on assessments at either the species level or large scale site 
level (i.e locating quadrats within a 0.5 ha to 1.0 ha sample area) (Coxson and Marsh 
2001, Williston et al. 2006, Seip and Jones 2008).  We wanted to consider the variation 
at the meso-scale so survey units between four to six hectares were selected.  We 
utilized VRI polygons as means to stratify UWR areas and selected adequately large 
polygons that corresponded with our random selection procedure.  A VRI polygon was 
selected if 90 percent of our survey could be contained within it.  We also tallied site 
index values of the selected polygons to ensure that a range of productivity classes were 
sampled amongst all selected polygons. Site productivity is a key determinant of lichen 
abundance (Sulyma 2001), thus by ensuring that a range of productivity classes were 
evaluated we could ensure that we captured the range of site conditions within the UWR 
area.   Where one VRI polygon was selected, a second survey area within the winter 
range was established in the closest VRI polygon of suitable size that had a different site 
index value (SI50).   
 
In each survey area a systematic point sampling approach was used to determine the 
proportion of the site covered by one of 14 different assessment categories, which 
included two categories for the different lichens, one for creeping shrubs, one for moss 
and 10 others to describe non-vegetated states including debris deposits and soil 
exposure (Sulyma and Sulyma 2008).   In addition to the lichen survey, general site 
characteristics were assessed and recorded on Ground Inspection Forms (GIF) following 
procedures outlined in a Field Manual for Describing Terrestrial Ecosystems (Province of 
BC 1998).  Additional notes on the development of the vegetation community and on the 
successional status of the type were also recorded on the GIF.  Data on stand 
characteristics, such as tree height, age, and diameter were collected following standard 
forest mensuration procedures (Husch et al. 1982; Province of BC 1998).  Soils 
information was collected from at least nine small pits at each site. Pit locations were  
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Figure 1.  Study area map of the Omineca region showing sample sites (green dots) established from 
the Germansen area in the south up to the Mesilinka in the north.  
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preferentially chosen by selecting three microsites expressing dominance of each: 
creeping shrubs, terrestrial lichens and feather moss to permit an assessment of within 
site micro-scale variation.  Mean values of all plots at each site were used to represent 
the site conditions for the content of coarse fragments, gravel, sand, and silt and clay. 
 
Lichen survey information was entered into a Microsoft Excel (Microsoft Corporation, 
Redmond, Washington) spread sheet and analysed using a multiple comparison test for 
proportions scripted for SAS (SAS Institute Inc. Cary NC) (Elliott and Reisch 2006).  The 
output from the multiple comparison test was used to delineate groupings of sites, based 
on a lack of significant difference to others, ultimately to identify a threshold that could be 
used to separate successional from pyro-climax sites.  The threshold was calculated by 
evaluating the mean proportion of lichen from a set of sites that were not considered to 
overlap with either of the extreme states, in other words, those that had either an 
abundance or lack of terrestrial lichen  (Elliott and Reisch 2006).  A confusion matrix was 
prepared to indicate how the final classifications of the plots fit general observation of 
field assessments. This procedure was not considered an accuracy test but part of the 
training exercise to differentiate successional types and was used to help evaluate the 
selection of a threshold between them. 
 
GIS attribute information was assembled for each six hectare survey area using ArcView 
9.2 (Environmental Systems Research Institute, Redlands, California). Data was 
available for forest cover attributes, and terrain elements.  In addition, water flow 
algorithms were run to create a grid expressing areas with the best surface drainage and 
zones of hydrological accumulation (Tarboton 2005).  A table of key attribute values was 
assembled and a logistic regression was used to model the probability of a site being 
either a successional, or a pyroclimax lichen type.  The philosophy for choosing the 
model that most closely resembled the observed lichen type was based on information 
theoretic concepts (White and Garrott 1990, Burnham and Anderson 2002).  The 
potential model factors were those from the available datasets considered to have an 
effect on lichen community development, however obvious covariates were not 
considered in the same model (e.g. site index and tree height).  Candidate models 
considered: tree height or site index, crown closure, primary tree species composition, 
elevation, aspect, slope and pixel water accumulation.  Multiple iterations of the 
regression, applying different combinations of the explanatory variables, were 
undertaken and results were compared to determine the final equation to apply to the 
area of legislated northern caribou winter range (U7-007; Province of BC 2007) across 
all pine leading stands that were greater than 70 years old. Akaike’s Information 
Criterion (AIC), was used to help identify model parsimony (Burnham and Anderson 
2002).  We also assessed the proportion of pyro-climax sites correctly classified against 
the proportion incorrectly classified using Receiver Operating Characteristics Curve 
analyses (AUC, Hanley and McNeil 1982).  AUCs <0.7 and >0.9 indicate low and high 
levels of accuracy, respectively while scores between those values indicate moderate 
accuracy.  Wald χ2 was used to infer significance of model coefficients (Allison 1999). 

RESULTS 

Fifty-one sites were identified through the random selection process, and surveys were 
completed at 22 of them.  The proportion of shrub lichens at the surveyed sites ranged 
from 0.8% to 50.4% and the ages of the corresponding stands ranged from 43 to 182 
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years old (Table 2).  The proportion of shrub lichens varied significantly (χ2(21, N=8893) 
=1399, P <0.0001) among survey sites.  The proportion of lichen at six sites that were 
considered to be in neither extreme state (i.e. did not have either abundant lichen or 
little) produced a mean proportion of 15%.  This value was used to define the threshold 
between the two successional types, which when applied, resulted in 11 units being 
classed as successional and 11 units being classed as the pyro-climax type.  Eight sites 
that were classified as successional in the field were modeled as successional and nine 
of the sites classified as pyro-climax in the field were modeled as pyro-climax.  Three of 
the sites with a field classification of transitional were successional and two were pyro-
climax (Table 1Table 2).   
 
The model based on site index and crown closure had the lowest AIC (Table 3).  Crown 
closure in this model was a significant factor (P <0.0001) for the delineation of the site 
type but site index was not (P = 0.2899).  The model that included tree height rather than 
site index and included all other factors had the highest AUC (Table 3). Amongst the 
less complex models, the model with slope, height and crown closure had the highest 
AUC and the highest Wald 2χ .  The slope of the coefficients for the factors slope, water 
flow, crown closure and tree height was negative, indicating lower values for each factor 
were related to the pyro-climax type.  The only factor that had a positive relationship with 
the identification of the pyro-climax type was the percent composition of pine.  The slope 
of the coefficient for aspect, elevation and site index were not consistent between all 
models. 
 
The final model selected utilized slope, tree height and crown closure class as predictive 
variables (Equation 1) and had a percentage of concordant model outcomes of 88.6%.    
The application of the selected model over all legislated UWR (U-7-007) areas of the 
Wolverine and Chase herds resulted in the delineation of 18,785 ha of the successional 
type and 8274 ha of the pyro-climax type.  Eight thousand three hundred and seventy 
five hectares were too young to class or they were not pine leading.   
 
Zonal trends were evident in the output.  Some areas such as the Germansen (Figure 2) 
had a large proportion of UWR-TLH2 classed as successional, where as others areas 
such as the Conglomerate (upper Osilinka) (Figure 3) had a large proportion of the pyro-
climax type.  The general trends for each UWR polygon in the Chase and Wolverine 
herd areas were reported in Table 4. 
 
Field data evaluated (stand and site attributes) did not produce any additional variables 
that would help distinguish the lichen type when using a GIS.  The only site level 
property that was significantly different between types was the total accumulation of 
gravel and coarse fragments (i.e. all particle/piece sizes >2mm) (T(19)=2.002, 
P=0.0299). 

DISCUSSION 

Within the Omineca, this project represents one of the first times that a meso-scale 
assessment has been used to characterize lichen presence.  Past work has generally 

                                                      
2 TLH stands for Terrestrial Lichen Habitat, a unit described in UWR documentation that corresponds with 
CHASE model outputs. 
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used line transects or quadrats focused on a large-scale resolution data collection 
(Coxson and Marsh 2001, Coxson et al. 1999, Lance and Eastland 1999, Lance and 
Eastland 2000, Seip and Jones 2008, Sulyma and Sulyma 2006).  The method using a 
grid over a four to six hectare area provided an approach intended to capture the 
variability across the survey site and minimize surveyor bias.  Areas with minimal, or no 
lichen were still sampled and provided insight about the uniformity and the extent of 
lichens across a site where as with the other survey procedures that focused on large-
scale resolution this was not always the case. 

Table 1.  A matrix expressing the predicted lichen type relative to general field observations. 

Modeled  

Successional Pyro-climax 

Successional 8 -- 

Transitional 3 2 

F
ie

ld
 

Pyro-climax -- 9 

 

 

Table 2.  Comparison of modeled succession class versus field observations for the 22 sites surveyed, 
where s=successional, p=pyro-climax and u=undecided. 

Site Stand Age Proportion of Shrub 
Lichen (%) 

Modeled 
Successional 

Status 

Field Observed 
Successional 

Status1 

1 115 10.9 s s 
6 43 21.1 p p 
7 135 39.3 p p 
12 115 1.9 s s 
13 114 0.8 s s 
17 85 17.1 p u 
18 131 13.4 s s 
27 138 18.3 p p 
28 131 31.2 p p 
29 134 13.9 s u 
32 105 3.5 s s 
33 114 14.5 s u 
34 126 44.5 p p 
41 118 2.2 s s 
42 133 2.4 s s 
43 120 8.0 s s 
44 182 44.9 p p 
45 179 41.8 p p 
46 168 14.0 s u 
48 123 50.4 p p 
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49 90 40.4 p p 
51 89 17.8 p u 

1 The field observation do not provide a validation tool, rather allow for a cursory assessment of 
   whether threshold represents field conditions. 

 

 

 

Table 3.  Comparison of logistic regression models used to differentiate pyro-climax lichen types 
from successional types.  Decreasing model rank was assessed using Akaike’s information criterion 
(AIC), AIC difference from the model with lowest AIC (∆n), area under the receiver operating 
characteristics curve (AUC), Wald 2χ , and number of independent parameters estimated (df).  All 
models had significance levels (P) <0.001.   

Modela AIC n∆  AUC Wald 2χ Df 

IC 145.712 0.0 0.795 14.9674 2 
SEIC 120.752 25.0 0.846 27.1141 4 
SEC 118.781 26.9 0.847 27.1104 3 
SIC 118.754 27.0 0.847 27.0902 3 
SC 116.784 28.9 0.786 27.0832 2 
HC 116.56 29.2 0.839 26.1127 2 

SEHC 107.552 38.2 0.886 27.3881 4 
SHC 105.675 40.0 0.886 27.7005 3 

Models with all factors:  
SAEDIPC 100.94 44.8 0.897 23.9436 7 
SAEDHPC 91.496 54.2 0.928 23.0454 7 

a Model factors include: H=tree height, I=site index, P=percent composition pine, 
C=crown closure, S=slope, E=elevation, A=aspect and D=water flow 
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Equation 1.  Predictive model (binary logistic regression output) used in a GIS on pine leading stands 
in TLH areas that were older than 70 years of age to delineate the lichen type where negative output 
values indicate the pyro-climax type and positive values indicate the successional type. 

Type = 13.6786 – 0.2794(slope) – 0.3919(tree height) – 0.8562(crown closure class) 

 

Table 4.  Prevalent lichen type for each UWR – TLH  polygon in U7-007. 

Location UWR - TLH  
Reference 

Prevalent  
Successional  

Type 

Germansen 12a, b, c Successional 
Mid Omineca East and Conglomerate 
(Discovery Creek) 8b, 11 Mixed 

Conglomerate (upper Osilinka) 8a, c Pyro-climax 
Lower Osilinka 7a, b Sucessional 
Mid Mesilinka 6a, c Pyro-climax 
Mid Mesilinka 6b Mixed 
Upper Mesilinka 5 a, b, c Successional 
Swannell Goldeneye 4a, c Successional 
Swannell Goldeneye 4b Too young 
Tucha Ingenika 3b, c Successional 
Tucha Ingenika 3d Pyro-climax 
Tucha Ingenika 3a Too young 
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Figure 2.  Classification of the Germansen Terrestrial Lichen Habitat (TLH) polygons 12a, b, and c 
of U7-007 indicating a high proportion of successional types (orange).  Pyro-climax types are 
indicated with green shading. 

Figure 3.  Classification of the Conglomerate (upper Osilinka) TLH polygons 8a and c of U7-007 
indicating a high proportion of pyro-climax types (green).  Successional types are indicated with 
orange shading. 
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All procedures were undertaken in a subset of the landscape already identified as dry 
pine-lichen forests base on UWR designations (Province of BC 2007) and CHASE 
model outputs (McNay et al. 2006).  This provided flexibility and an opportunity for 
maximizing simplicity with the development of predictive model algorithms related to 
identifying successional status.  Working within a constrained portion of the landscape 
allowed us to use general stand characterization variables such as tree height, which 
might not otherwise be suitable on the landscape if other stand types were considered in 
the mix. 
 
The AIC scores between the second highest value and the value associated with the 
selected algorithm had a tight range, thus we relied on higher AUC and Wald 2χ statistics 
to guide the selection of the algorithm for delineating type.  Determining the threshold 
and key correlates could however still use further refinement.  For this project we 
focused on using attribute information such as VRI and DEM data, simply because of the 
availability of each.  We felt that other attributes, such as those characterized by soils 
mapping may provide stronger relationships, but field observations did not provide 
strong evidence to support the hypothesis.  Another difficulty with soil data is the limited 
coverage of it, restricts current use in a GIS, so a prohibitively large effort would be 
required to develop a usable data set for use in mapping activities.  Perhaps the greatest 
gain for understanding the factors influencing the lichen type, given the available data 
sets will be achieved by evaluating more sites and increasing the sample size which 
logistic regressions can be based on.   Three factors that we evaluated did not show 
consistent trends for all models tested as the sign of the coefficient varied between 
models.  Increasing the sample size would help alleviate this variation ultimately 
providing consistent trends across all factors for all models.  
 
One limitation of the selected algorithm was that it did not incorporate a function of age 
as a predictor of successional status.  Thus, new cutblocks could show up as pyro-
climax types regardless of actual successional status.  To address this situation we only 
classified stands >70-years old as these are the ones that should be in a Cladina 
dominated lichen phase and express some characteristics of succession (Coxson and 
Marsh 2001).  As new data layers become available, base-predictive models like 
CHASE can be updated to explicitly designate succession types from pyro-climax ones.  
  
Our findings indicate the majority of the lichen sites in the Omineca do follow the 
succession pathway documented by Coxson and Marsh (2001).  These successional 
sites provide the best opportunities for rehabilitating terrestrial lichen communities.  If left 
without disturbance they will succeed to moss dominated systems that provides little 
value to northern caribou.  There are however at least 30% of UWR areas that could 
contain pyro-climax types.  A reconnaissance level field evaluation should be conducted 
on these sites to verify classification.  Where a pyro-climax types are confirmed within 
UWR area the flexibility of management opportunities increases.  This is because these 
sites can either be treated or left untouched as part of a preservation management 
strategy and still provide winter range attributes with particular emphasis on forage 
production.  
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