
Project # and Title:  Y071273 - Developing stand management prescriptions to maintain 
suitable habitat for Mountain Caribou.  
 
Project purpose and management implications: Mitigating forest management impacts and 
assisting in the recovery of mountain caribou populations will require a comprehensive analyses 
of various forest management activities on critical stand and landscape-level attributes for 
caribou. The amount and distribution of early seral forest conditions (ages 1-100) has been 
identified as the main causal mechanism in mountain caribou population declines as these forest 
types promote the growth of shrubs and browse for other ungulates (moose and deer), which 
consequently increase the number and proximity of predators in caribou habitat. Increased 
predator numbers in the proximity of caribou are believed to increase the likelihood of predators 
encountering caribou, possibly leading to higher predation rates. In addition, the loss of early 
winter habitat through logging reduces the availability of ‘suitable’ habitat attributes, particularly 
lichen forage associated with old forests.  In the Headwaters Forest District, the Mountain 
Caribou Sub-committee of the Kamloops Land and Resource Management Plan identified an 
objective of maintaining a minimum of 40% of capable winter habitats in ‘suitable’ condition in 
all core caribou winter areas distributed in a way that minimizes interspersion of early seral 
habitat. The objective of maintaining 40% of capable winter habitat in suitable condition over 
time requires knowledge of how suitable habitat can be maintained, recruited from younger 
forests through time, or through stand-level treatments (i.e. partial cutting, thinning and spacing 
treatments). In particular, managers require better understanding of how habitat suitability 
changes through time so that the spatial and temporal placement of future cutting treatments on 
the landbase can be optimized to sustain existing suitable habitats and recruit optimal caribou 
habitat (landscape recovery) while providing access to timber. 
 
Our approach to address this knowledge gap is to use the stand model TASS (Tree and Stand 
Simulator) and an arboreal lichen sub-model developed by the project team to identify general 
trends in the likely response of lichens to a range of  clear-cut and  partial-cut harvesting options.  
A preliminary version of the lichen model was developed to work with TASS outputs to 
quantitatively assess relative amounts of available lichen forage for caribou under various stand-
level management prescriptions by tracking changes in lichen growth and relative composition 
within an individual tree canopy over time in response to changes in available substrate and local 
climate. In addition, stand and local tree environment outputs derived from TASS can be used to 
understand changes of stand-level attributes and environmental conditions (e.g. ground-level 
light conditions) that promote browse for other ungulates.  Because the models work at the 
individual tree level, they can measure responses to very specific stand-level disturbances such 
as insect mortality and wind-throw or stand management prescriptions (i.e. selection logging) 
that act on individual trees. Thus, the model can be used as a decision support tool to clarify 
issues around stand level management practices and their likely effects on early winter caribou 
foraging habitat.
 
Project start date, length and links to other FSP funded projects:  The project was initiated 
in July 2006 and is scheduled to be completed in March 2008.  The caribou habitat modeling 
work is closely linked to a second FSP funded project (Y071324) that addresses stand structure 
(e.g. snags, down wood, canopy depth, etc.) in relation to stand management.  Project Y071273 
will focus on the calibration of the TASS model, the development of alternative management 
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systems in the TASS environment, the development of a natural disturbance modules (insect 
attack and windthrow) for TASS which create or diminish the abundance of forest structures that 
function as lichen substrate.  
 
Methodology review:   
 
Tracking probable changes in the abundance of Alectoria and Bryoria lichens (arboreal lichens 
that are less and more preferred, respectively, as forage by mountain caribou) in relation to stand 
age and management is a challenge because a number of factors are involved including: (1) light 
levels in the stand around the tree canopy (a surrogate for several microclimate variables 
including light, wind, periodicity and duration of desiccation, etc.) will likely affect the 
colonization, growth and survival of Alectoria and Bryoria, (2) the amount of substrate for 
lichens to grow on changes with the size and spacing of the trees in the stand, (3) there likely are 
differences in the substrate quality of live and dead branches, and as dead branches on live trees 
age, small branches drop off and there is a reduction in the amount of branch surface area that 
can be used for substrate, (4) as snags age, there is a reduction in the amount of branch surface 
area that can be used for substrate, (5) some lichens in the stand are directly accessible to 
foraging caribou (e.g. 2.0 – 4.5m above ground), others are beyond direct reach and only become 
available when trees are windthrown in winter, or lichens from the upper canopy are deposited 
onto the snow or lower branches through wind scour.  The latter is likely a minor component of 
lichen availability. (6) the species composition and abundance of lichens changes, but does so 
relatively slowly (e.g. over decades), hence there will be a lag between the abiotic conditions in 
the stand and lichen abundance, (7) in addition to facilitating the growth of preferred lichen 
species of the genus Bryoria, high light levels also encourage the development of grass, forbs 
and shrubs, a condition that may attract early seral prey species and associated predators, and (8) 
shrubs that grow in openings in response to increased light are used directly as forage (e.g. 
Vaccinium) by caribou in the early winter period before snow accumulates. 
 
Stand modelling tools such as TASS were developed with the primary objective of developing 
tree or stand-level growth and yield estimates, but also represent an opportunity to help clarify 
some of the discussion around caribou early winter habitat and stand management.  The TASS 
model can: (1) simultaneously track many individual tree and stand parameters or indicators, (2) 
provide stand structure information in relation to complex and often interacting managed 
[harvesting] and natural [e.g. spruce beetle] disturbances, (3) explore the likely consequences of 
management actions or assumptions for treatments that have yet to be applied in the field and for 
which field data will not be available for decades, (4) help explore the importance of specific 
stand management variables (e.g. shape or size of openings, the % basal area removed, stocking 
density, insect mortality or windthrow, etc.), and (5) help clarify discussions about treatment 
outcomes by explicitly identifying the assumptions and relationships used to evaluate treatments 
in the model.  
 
 
The following variables are being evaluated by field sampling to provide data that can be used to 
calibrate the TASS model and the lichen sub-model: 
- the substrate quality of live vs. recently dead branches on live trees, and the change as these 

branches age. 
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- the deterioration rate of  snags as the branches and bole age and decay. 
- the loss of branches on live trees and snags on surrounding trees through mechanical 

breakage during windthrow of live trees and tree fall events (snags). 
- height above ground and accessibility to caribou (e.g. 2 - 6m above ground = directly 

accessible, > 6m above ground = via windthrow and windshear only) of lichens.  Cells in the 
directly accessible zone (2 - 6m above ground) are given a value of 1, cells above 6m are 
given a value of  (e.g. 0.25 ) since their contribution to foraging habitat for caribou comes 
from windthrow (only about 0.5% of the stems/year). 

- the increase in lichen abundance over time in relation to light conditions (very poor, poor, 
good and excellent for Alectoria and Bryoria types = 8 lichen abundance functions, values 
range from 0 - 1).  

- three dimensional light levels around trees in the stand (a surrogate for several microclimate 
variables including light, wind, periodicity and duration of desiccation, etc.)  

 
 
The TASS model and a post-processing lichen substrate sub-model developed by Dave Huggard 
will be used to identify trends in the amount of Alectoria (less preferred) and Bryoria (preferred) 
lichen substrate associated with natural disturbances and clear-cut, partial-cut and variable 
retention harvesting. In addition, stand and local tree environment outputs derived from TASS 
can be used to understand changes of stand-level attributes and environmental conditions (e.g. 
ground-level light conditions) that promote understory productivity and the grass, forbs and 
shrubs preferred by early seral ungulates (e.g. moose, mule deer, white-tailed deer) that likely 
maintain higher predator populations. Because the models work at the individual tree level, they 
can measure responses to very specific stand-level disturbances such as insect mortality and 
wind-throw or stand management prescriptions (i.e. selection logging) that act on individual 
trees.  
 
Project scope and regional applicability:  The major outcome of this project will be the 
assessment of stand management options for maintaining high quality early winter foraging 
habitat for mountain caribou, and a preliminary assessment of the advantages and drawbacks of 
each option with respect to maintaining lichen forage and opportunities for timber extraction.  
The work will focus on ESSFwc2 early winter habitat, but in concept, the results will be 
applicable to a wide range of forest types at the provincial level that provide early winter 
arboreal lichen forage for mountain caribou.  
 
 
Interim results and information:  
 
The calibration of the TASS model to ESSF conditions is largely complete with the 
implementation of a “narrow-crown” version of spruce crowns to mimic the narrower crowns 
found in high elevation Englemann spruce-subalpine- fir forests. TASS model runs have been 
completed on 20+ management scenarios in which we examined the influence of the following 
factors on stand structure, and ultimately arboreal lichen species composition and abundance: (1) 
tree species composition [ spruce – balsam proportions of 80-20 , 50-50 and 20-80], (2) harvest 
intensity [0, 20, 40, 60, 80 and 100%], (3) harvest type [STS (single tree selection), 25, 50 and 
100m patch cuts], (4) regeneration density [0, 200, 400, 800, 1600 and 3200 sph], and (5) insect 
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and windthrow mortality [either absent or present].  Where windthrow and insects were applied, 
15 runs of each scenario were implemented due to the random application of attack.  The 
combination generated approximately 3,500 TASS runs, each with a 250 year projection.  
 
A first approximation of the post-processing lichen model that uses TASS model output and then 
calculates likely lichen species composition and abundance was largely completed in September, 
2006 and further tested in November-December 2006.  We began processing TASS data with the 
lichen model in November-December and are satisfied that the general procedure is valid and 
workable. 
 
Field  validation of the TASS post-processing lichen abundance model was initiated in 
September 2006. Over 200 sample plots in 20 stands that span a range of harvesting treatments 
from clearcut to partial cutting and a time since harvest of 15 – 30 years were implemented and 
additional data has been collected by Doug Lewis.  Eight lichen development or stand structure 
development calibration issues were identified that need to be addressed via the published 
literature or field data collection and analysis.  These are: 

1. Do caribou prefer Alectoria vs Bryoria lichens, and is there indication that preference 
= requirement? If yes, what is the strength of this preference?  This issue is being 
addressed  primarily via the existing published literature or observations from caribou 
biologists as it entails extensive and expensive projects far beyond the scope of our 
project.  If there is no clear consensus, we will approach the issue by presenting several 
versions of the final analysis and interpretation of results that make different assumptions 
about the reliance on Bryoria lichens by foraging caribou in early winter. 

 
2. Evidence for increasing Bryoria biomass lower in the canopy as ground level light 

conditions increase.  This issue was addressed by the data collected by Doug Lewis 
(BCMoE), and by a contract to Corey Bird & Assoc. in September 2006.  Data analysis 
by Doug Lewis will be completed by August 2007.  

 
3. Canopy light predictions in TASS vs. field measurements.  Hemispheric photos were 

collected in the field at 2, 4, 6 …12m above ground.  Equipment has been developed and 
tested, data will be collected in June 2007 once ESSF can be accessed by vehicle. 

 
4. Growth rates of Bryoria following partial cutting.  This information has been derived 

from a review of the published literature. 
 

5. The decay and breakage rate of dead branches in the 2-8m above ground zone. This 
information is critical to the project since if suitable conditions for the enhanced growth 
of Bryoria (see #1 and 2 above) can be created with partial cutting, the abundance of the 
lichen biomass in the lower canopy will be determined by the longevity of branches in 
this lower zone.  A literature search found that very few studies have addressed this issue 
for any tree species, and none were found that dealt with wet-cool forests.  Field 
sampling to address this began in February and consisted of collecting samples of tree 
sections from trees such that  bole age (from cross-section “cookies”) and branch age 
(from longitudinal branch sections and some cross sections) can be determined on a range 
of branch sizes (from small [1 cm] to large [> 3cm]).  Branch decay rate information was 
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collected on approximately 1000 branches in February and March 2007 and the analysis 
of decay rates indicates a loss of about 40% of branch length over a period of 100 years 
since branch death.  These results indicate a relatively slow branch decay rate that will 
permit a growth response by lichens in partial-cut stands. 

 
6. Branch diameters and length diameter relationships in the 0 - 8m above ground zone 

in relation to stand density or inter-tree distance.  This work is related to #5.  Small 
branches likely decay and break off more rapidly than large branches, hence knowing 
branch diameter distributions is important, especially in relation to stand density.  Branch 
diameter-length relationships were collected on approximately 1000 branches in February 
and March 2007.  Our analyses indicate the decay (length attrition) rate of branches is 
constant regardless of branch diameter, and that the diameter to branch length ratio is 
approximately 1:100 (e.g. a 1 cm branch is about 100 cm long, a 3 cm diameter branch is 
about 300 cm long). 

 
 
 
Contact information for additional information: 
Dr. Walt Klenner 
BC Ministry of Forests and Range 
515 Columbia St., Kamloops,  BC  V2C 2T7 
 email  walt.klenner@gov.bc.ca 
Telephone  250-828-4158 
Fax   250-828-4154 
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