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1.0  Introduction 
 

1.1  Background and Rationale 

 

The original project goal for the Skull Mountain Project was to investigate the effects of 

natural disturbance regime (frequent fire return cycle) on stand structure, and ultimately 

on biodiversity (indicated by mule deer, bird communities and vegetation).  Forest 

management guidelines for dry Douglas-fir dominant stands were intended to be 

developed based on the results.  The original project goals have not changed, however, 

the wildfires of 2003 necessitated changes in the project plan.   

 

Prior to the fires, operational harvest trials intended to best mimic the natural disturbance 

regime had been completed.  The prescription trial was retention of 10-25 stems/ha 

including all veteran trees, with the balance from the dominant canopy, applied to 40-90 

ha cutblocks.  At the time, the silviculture prescriptions were designated as clearcuts with 

reserves or seed tree retention.   

 

Up to 5 years’ post-treatment mule deer winter range and vegetation data had been 

collected (first harvest in 1998, last winter sample 2002-03).  After 2003, the project plan 

was adapted to test the effects of the actual fire.  Mule deer winter range and vegetation 

were compared pre and post-burn in three treatments:  original operational harvest, uncut 

forest (control), and post-burn salvage with large tree retention (pre-burn was uncut). 

 

The post-burn phase of the project, however, would best be managed in terms of planning 

if the pre-burn phase is fully understood through completion of analysis; this was 

recommended in the PWC audit of the project in spring 2005.  Therefore, the pre-burn 

phase of mule deer winter range and associated vegetation analysis and interpretation was 

to be completed, with application of the results, where necessary, to the current project 

plan, including establishing timelines for project completion.   

 

The fires of 2003 occurred <5 years post-treatment.  As a result, full treatment effects 

were likely not realized, and analysis simply may not yield statistically significant results.  

Nevertheless, management guidelines for best levels of retention and cutblock design to 

provide mule deer winter cover and forage were to be developed based on the results, 

where possible; these management recommendations are intended to be specific to dry 

Interior Douglas-fir forests (IDFxh2 and dk2, in particular).   

 

1.2  Current Project Extension 

 

Datasets from 1999 until 2003 were assessed in 2005-06, for preparation for analysis.  

Combining datasets with consistent sampling regimes based on review of past reports 

resulted in a dataset of mule deer activity for pre and post-harvest treatment monitored 

from 2001-2003.  Preparing the mule deer activity dataset and a detailed vegetation 

sampling dataset was completed and sent for analysis in 2006-07.  Comparative analyses 
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were run in 2006-07 to investigate the effects of the harvest treatment.  Broad 

interpretations from these analyses and preliminary annual results from ongoing mule 

deer winter range sampling were used to delineate draft management guidelines.  Finally, 

recommendations for a project plan have been made and incorporated into a detailed 

workplan for completion of the pre-burn phase of the project, as well as a broader plan 

for completion of the post-burn phase.   

 

2.0  Methods 
 

2.1  Project Team 

 

The project team includes the following individuals: 

 

Astrid van Woudenberg, MSc, RPBio, Project Leader and biologist with 

peripheral involvement in the Skull Mountain Project since it began in 1995 under 

Forest Renewal BC; 

 

Dr Thomas Sullivan, peer reviewer and academic project consultant for 

operational trials, since the project came under Forest Investment Account;  

Pontus Lindgren, MSc, RPBio, RPF, wildlife biologist who fills in on Dr 

Sullivan’s behalf when he is not available; and 

 

Dr Tim Ball, climatologist and wildlife population specialist, who will assist with 

interpretation, to help address stand structure effects on mule deer winter range 

cover and forage, and long term population sustainability.   

 

Christine Ferguson, MSc, RPBio, wildlife biologist who has been collating the 

data. 

 

Steven F. Wilson, PhD, RPBio, ecologist and analyst who completed data 

analyses in 2006-07, including linear and multivariate analyses. 

 

2.2  Project Partners 

 

In 2006-07, the feasibility of partnering with Thompson Rivers University (TRU) for 

collaboration on analysis of past monitoring and future study opportunities was 

investigated.   

 

TRU was finally selected after discussions with both Dr Tom Sullivan at University of 

BC and Dr Alton Harestad at Simon Fraser University.  Dr Harestad suggested that all the 

necessary components were present in the project to indicate positive effects to mule deer 

winter range forage resulting from the experimental harvest treatments that mimicked 

natural fire systems.  He suggested the components simply needed to be isolated and 

identified and agreed that such a project would serve well as a Master’s thesis.  
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Unfortunately, both he and Dr Tom Sullivan were unable to take on any additional 

graduate students. 

 

As a result, both Drs Tom Dickinson and Karl Larsen were consulted regarding the 

potential for a graduate student to be dedicated to the mule deer winter range component 

of the Skull Mt Monitoring Project.  After some discussions, a meeting was eventually 

held attended by Michael Bragg of Tolko Industries Ltd., Astrid van Woudenberg, 

Project Leader, and Drs Karl Larsen and Tom Dickinson, to review in detail the 

feasibility of graduate work.  Unfortunately, Dr Karl Larsen, mule deer winter range 

specialist, will be going on sebatical for 2007-08, negating the possibility of a timely 

study.  The potential of a recently graduated Master of Science student to be employed 

full time to complete the study was also reviewed, however it was felt that the consulting 

team could complete a simple wrap up of the pre-burn work more effectively, likely in a 

more timely manner.   

 

Therefore, it was decided that the current project team would complete the pre-burn mule 

deer winter range.  The pre-burn bird community monitoring would be pursued at a later 

date in collaboration with Dr Tom Dickinson, including a potential for resuming 

monitoring, investigating post-burn effects.  Post-burn mule deer monitoring as well as  

the potential for comparative analysis with pre-burn would be discussed at a future point 

if and when Dr Karl Larsen was available to dedicate a graduate student.   

 

2.3  Collating Datasets 

 

Multiple years’ of habitat monitoring were standardized and collated for analysis.  

Extensive data standardization was necessary, as well as consulting old reports and maps 

to effectively select and collate datasets similarly sampled.  Appendix 1 indicates the 

final collations and standardizations that were sent with the final data product for 

statistical analysis. 

 

2.4  Statistical Analysis 

 

Data analysis methods and results are shown in Appendix 2.  Early and late mule deer 

tracking data were combined for the analyses, and relationships between snow depth, 

canopy cover, and tracks were investigated. 

 

3.0  Results and Discussion 
 

Broad analysis was completed in 2006-07 and indicated few remarkable trends in the 

data, other than when snow was most shallow, tracks were most common in low canopy 

cover habitats.  Data analysis needs to be focused at a finer scale both spatially and 

temporally; micro-site levels including aspect and slope should be investigated in early 

and late winter.  Analysis of the pre-burn data was broad and yielded few relationships 

between forest cover, snowdepth, and tracks, suggesting terrain may have been a more 

influential habitat factor. 
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Terrain, rather than forest cover, may be the driving force in such a diverse landscape as 

the Skull RMZ.  If favourable terrain can be identified, forest cover can then be 

investigated within that context, independently between early and late winter.  Light, 

fluffy snow conditions in early winter do not impede animal travel or contribute to 

energetic costs such as heavier, multi-layered crusted snowpacks can in late winter.  

Heavy snow conditions in late winter, compounded by poor/low browse nutrition, likely 

inhibit deer movement, particularly in deeper snowpacks. 

 

Detailed vegetation comparative analysis should be applied to development of early seral 

features in harvested versus unharvested treatments.  Variables that should be used to 

assess comparison of forage quality should include shrub species, new growth, plant 

development and/or age class, height, and browse evidence, where possible. 

 

Rather than individual peer review articles, an intensive inventory status report of the 

Skull Mountain Project should be completed; from this document, smaller peer review 

articles may be possible.  Dave Jones, retired Ministry of Environment wildlife manager, 

should become involved in the team.  In 2006-07 he was consulted by Ministry of 

Environment to collate as much information regarding practices, particularly salvage 

harvest, that have gone on in the Resource Management Zone.  As well, he has detailed 

historical knowledge of the area.   

 

 

4.0  Summary Project Recommendations 

 

1. Coordinate/consult Dave Jones for his existing Skull work to reduce the time to 

gather similar information for completing pre-burn project phase and producing 

post-burn detailed workplan. 

2. Further investigate potential collaboration with TRU (Tom Dickenson) regarding 

analysis of bird data and continuance of bird diversity and habitat monitoring. 

3. Further analysis: 

a. Compare early and late winter tracks, beds, and browse between between 

harvested/non-harvested treatments looking for any relationship with  

i. BEC variants (IDFxh2 and dk2)  

ii. Forest cover types (Fd-Py, Fd, and Fd-Pl)  

iii. Slope and aspect 

iv. Combination of forest cover type and slope and aspect 

b. Vegetation:  list and compare shrub species, including their features and 

availability  

4. Consider if crown closure is misleading for pre- and post-burn work because 

crowded stands can still have low values if their canopies are dead or 

undeveloped. 

5. Continue with recommended statistical analyses immediately to avoid project 

inefficiencies resulting in time gaps in team members’ involvement (see 

Appendix 3).
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5.0  Preliminary Management Guidelines 
 

Forest management in the IDFxh and dk for mule deer winter range should be directed at 

two scales:  stand and landscape.  Forest cover type should be considered for 

management practices based on broad terrain characteristics at the landscape scale, and 

then for retention levels at the micro-site level.  The Skull harvest treatments were 

directed at the stand level, however they need to be considered within a landscape 

context.  Furthermore, as a result of snow conditions, mule deer are likely utilizing the 

landscape for different reasons in early and late winter.   

 

Douglas-fir dominated landscapes with diverse, broken terrain, including steep southern 

exposures, are likely ideal winter habitat for mule deer in the dry southern interior, 

particularly the IDFxh and dk subzones.  Observations of mule deer activity in the 3
rd

 

year post-treatment at Skull, insufficient in sample size to contribute to significant 

statistical test results, indicated increased levels of use in treatment blocks.  Browse 

species were well developed, as indicated by photos, and mule deer appeared to utilize 5-

year old post-treatment blocks as early winter forage habitat.  Retention levels on 

moderate-low slope, mesic sites were 10-25 stems/ha.  Where terrain provides security in 

terms of steeper slopes with opportunities for inaccessibility by predators (ie;  rock 

ledges, benches, etc), lower retention levels than the treatments may be tolerated in 

surrounding or adjacent mesic sites.  In particular, more aggressive harvesting on 

moderate-low slopes adjacent to steep, rocky slopes may encourage forage development 

adjacent to security and bedding habitat; retention in such situations may be limited to 

veteran and dominant trees only. 

 

At sites where terrain is less diverse and more characteristically rolling, higher retention 

levels within larger blocks, such as the treatments (40-90ha), are likely more important to 

provide both security and forage habitat features.  However, adjacency to mature forest 

cover or larger reserves left within blocks would also potentially permit lower retention 

levels.  Fisher and Wilkinson (2005) found mule deer in North American boreal forests 

utilized burned sites for forage that were adjacent to mature stands that provided cover.  

Furthermore, mule deer in boreal forests utilized early seral stage development in both 

burnt and harvested stands most commonly immediately post-disturbance.  Boreal forest 

results suggest that security cover requirements provided by mature forests in a plateau 

landscape may be provided by terrain in diverse topography.   

 

In summary, terrain should likely drive levels of retention and dictate the landscape 

mosaic of seral stages (forest age classes).  Where terrain does not offer security and/or 

thermal features (south aspects and ridges), retention should likely be increased, either in 

the form of single trees or increased size of reserves, driving a different landscape mosaic 

than broken terrain would.   

 

There is growing agreement among biologists that thermal requirements for ungulates in 

winter have been overestimated.  Most ungulate species that occur in British Columbia 

have likely evolved to tolerate cold temperatures during winter; this evolution likely 



Skull Extension Project:  Summary Report 2006-07 

 

Cascadia Natural Resource Consultants Inc.  8 

occurred under the ecological influence of frequent fires, resulting in abundant early seral 

stage features.  Therefore, it is more likely quality forage is more critical than thermal 

cover and should be thus considered in forest development.  Accessibility to key forage 

species is likely important in early winter, whereas in late winter there is likely a shift in 

importance to security from predators since plant phenology has deteriorated nutritional 

values.  Habitat variability is likely critical, and has been noted as a key determinant in 

large ungulate habitat use (Said and Servanty 2005).   

 

In summary, there is nothing at this point in the development of the project to suggest 

that the existing experimental harvest treatment, retention of 10-25 veteran and mature 

stems/ha within large blocks (40-90ha), did not benefit mule deer.  Statistical analysis has 

not found any real differences between harvested and non-harvested treatments.  In fact, 

field observations of mule deer activity suggested treatment blocks provided more forage.   

 

6.0  References Cited 
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Appendix 1.  Documentation of Skull Mt Pre-burn Mule Deer Winter 

Range Dataset Collation and Standardization.  Completed by Christine 

Ferguson, MSc, RPBio 
 

Variable Descriptions for Pre-Burn Transect Data 2001-2003.xls 

 

SampleYear: Year in which the data was collected. “2001” refers to the winter of 2000-

2001, “2003” to the winter of 2002-2003. 

 

WinterOf: This column gives the sample year in a two-year format. It is totally 

redundant but I added it in to help me keep track of what I was doing when I was 

editing the harvest treatments. Decided to leave it in for clarity. 

 

RecOrder: data organizing column. Records are numbered 1-1313. 

 - 2001: 1-373 

 - 2002: 374-827 

 - 2003: 828-1313 

 

Session: Early or Late. The breakdown of sample dates into two sessions was 

intended to reflect a change in snow conditions from soft to crusted-over snow. 

For 2001 and 2002, sessions were not included in the data file. The methods say 

‘Early’ is December/early January and ‘Late’ is early to mid-February, but 

sampling was more or less continuous through January so I didn’t assign sessions 

based on date alone (entered “.” in data file). This could be done if desirable. 

 

Date: Sampling date in dd/mm/yyyy format. 

 

DateLastSnow: date of last snowfall in dd/mm/yyyy format.  

 

TimeLastSnow: time since last snowfall recorded in time categories. Recorded in 2002 

only. If desirable, DateLastSnow could be converted into these categories as well. 

- Categories used: current, <12hrs, 48hrs, >48hrs, 1-2weeks. 

 

Sampler: Initials of data collectors. (CA, CD, DFC, JR, SB, SK, SM) 

 

HarvTrmt: Harvesting treatment was not included in the original data files. I found 

summary files that grouped records into harvested and unharvested categories. This 

was not always done consistently between years and did not always correspond to 

what was apparent from the maps. I have designated each segment of transect as 

harvested (H), not harvested (NH), or wildlife tree patch (WTP). This is based on 

what I can see on the maps, how transects have been designated in the past, and 

information found in the comments. My designations were later checked against 

field notes recorded over the winter of 2005-06 and I made a few corrections. Most 

of the harvesting was done in 1998-99 (blocks in CP 847, along with parts of 208-7 

and 208-8). There was additional harvesting in the spring and summer of 2003 (in 
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blocks 208-9, 208-12, and 857-7) but this does not affect any of the pre-burn 

sampling.  

 

BECvariant: Biogeoclimatic variant for each transect was not included in the original 

data files. I have taken it from the November 4, 2003 Deer Transect and Bird Point 

Location map. For transects not on the map, BECvariant has been assigned 

according to what was listed in the forest plot and/or line intercept data files. (See 

Skull Transects.doc for notes on transects with discrepancies, etc). For BEC 

information at a finer scale we could take it from the SPs rather than this broader 

scale map. 

 

Transect: Transect sampled. In 2000-2001, FC01 and FC02 appeared to have been 

sampled twice (listed as FC01R1 and FC01R3, FC02R1 and FC02R3). I suspect 

they represent either different transects or different sections of the same transect, as 

the data for the plots does not correspond and the bearings are different.  Maybe 

there was some shifting of transect locations at that time. FC01R3 and FC02R3 

appear on the maps I used to determine elevation and stand type, but FC01R1 and 

FC02R1 do not. As I am not sure if these are in the same place, I have excluded the 

records for FC01R1 and FC02R1 rather than assigning them data based on a 

potentially incorrect location. **Important Note: The transect called FC01 in 2002 

and later sampling years is not the same as the one called FC01 in 2001. 

 

TransName: This is the same as Transect except that the “R1, R2, R3” extensions have 

been dropped. 

 

Bearing: Bearing in degrees along which the transect runs. Not given for some transects 

in 2001 (FP11, FP12, FP13, CL14 and CL15). There is occasional variation 

between years in the bearing given, and a few seem not to match the map, so there 

may be errors here. 

 

Meters: An indication of the location along the transect. In most cases there is one record 

for each 50m segment of transect, but occasionally intermediate values are listed as 

well (sometimes indicating a change in CanopyClosureClass along the 50m 

segment; sometimes for some other reason). This variable was left in so that these 

intermediate values would not be lost. In 2005, distances were given in segments 

only (entered “.”). Meters should not be used to determine transect segment; 

instead use TransSegment below. 

 

TransSegment: Indicates the 50m segment of transect for which the data was recorded 

(e.g. 0-050, 050-100, etc.). For 2005 this was listed in the data file. For other years, 

Meters was converted into 50m transect segments for the variable. In 2001, 2002  

Meters=0 was equivalent to TransSegment=0-050. In 2003, 2004 Meters=50 was 

equivalent to TransSegment=0-050. In some years for some transects there will be 

repeated transect segments, for the reasons described under Meters. 
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Elevation: Indicates the elevation to the nearest 20 meters for the transect segment. 

These values were estimated from maps. 

 

Mapsheet: The mapsheet on which the transect segment is found (92P009, 92P010, 

92P019, 92P020). 

 

Polygon: Polygon number from the forest cover label. Activity was updated to 1995, so 

areas that were logged for the Skull project had not been updated. I have entered 

the polygon information as is, but have indicated these as AgeClass(FC) = 0. 

 

FCLabel2: Second line of the FC label indicating the species composition. Activity was 

updated to 1995, so areas that were logged for the Skull project had not been 

updated. I have entered the polygon information as is, but have indicated these as 

AgeClass(FC) = 0. 

 

FCLabel3: Third line of the FC label indicating the age class, height class, stocking 

class, crown closure class and site index. In several cases I couldn’t read it off the 

map so used the file from Dave which didn’t include height class and stocking class 

(from what I could tell). In those cases I have replaced any unknown values with 

“?”. Activity was updated to 1995, so areas that were logged for the Skull project 

had not been updated. I have entered the polygon information as is, but have 

indicated these as AgeClass(FC) = 0. 

 

FCLabel4: Fourth line of the FC label indicating activity and activity year. For areas that 

were logged for the Skull project I have entered “L 98-99”. 

 

AgeClass(FC): This is the age class code pulled from the FC label. I have indicated areas 

logged in 1998-99 as part of the Skull project as AgeClass(FC) = 0  

 1: 1-20 years 6: 101-120 

 2: 21-40  7: 121-140 

 3: 41-60  8: 141-250 

 4: 61-80  9: 251 + 

 5: 81-100 

 

SeralStage: Structural or successional stage assessed at the stand level (approx. 25m 

radius). May be more than one category as it refers to a 50m segment of transect. 

Not recorded in 2001. 

 Codes used: NV: non-vegetated, H: herb, LS: low shrub, TS: tall shrub, YS: young 

seral, MS: mature seral, YCC: young climax, MCC: maturing climax, TCC: mature 

climax, OG: old growth. 

 Codes used that aren’t on standard list: logged, water, YCCregen. 

 

CanopyClosure: Estimate of canopy closure at the stand level measured along the length 

of the transect segment, recorded to the nearest 5% in 2002 and 2003. Recorded in 

classes in 2001 (see CanopyClosureClass below). Changes in average canopy 

closure were to be recorded to a maximum of every 25m and a minimum of 50m. 
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CanopyClosureClass: % canopy closure grouped into 4 classes.  

 1: 0-15% 

 2: 16-35% 

 3: 36-60% 

 4: >60% 

 

SnowDepth(cm): Snow depth recorded in cm. Intended to be representative of the 

canopy closure and stand structure.  

 

SlopePosition: Not recorded in 2001. More than one category may be used as it refers to 

a 50m segment of transect. 

 Categories: bench, crest, upper, mid, lower, toe, level, depression 

 

Track Count Variables: Counts of tracks crossing the transect were split by sex (buck, 

doe, unknown-U) and track age (less than 12 hours, less than 24 hours, greater than 

24 hours). The degree to which sex and track age was determined varies between 

years. 

 

Track Sex: It was very common for the track sex to be entered as unknown. Sex 

was indicated most often in 2001. Six buck tracks were recorded in 2002 and 1 in 

2003. Doe tracks were recorded in 2001 only. 

 

Track age categories: Two systems were used in the original data files to record 

track age: 

- 4 categories: <=12hrs, <=24hrs, <=1week, >1week. Used in 2001 and 2002. 

- 2 categories: <=24 hours, >24 hours. Used in 2003. 

It’s not clear which was used in 2005. All but one data record are listed under 

‘<=24 hours’ or ‘>24 hours’ (there is one under ‘<=12hrs’), but the ‘<=1week’ and 

‘>1week’ categories are included in the data file. I have combined the ‘>24 hours’, 

‘<=1week’, and ‘>1week’ categories into one category for all years: >24 hours, 

which is indicated by ‘GT24hrs’. 

 

The following variables were used for track counts by sex and track age class: 

UTrackCountLT12hrs 

UTrackCountLT24hrs 

UTrackCountGT24hrs 

BuckTrackCountLT12hrs 

BuckTrackCountLT24hrs 

BuckTrackCountGT24hrs 

DoeTrackCountLT12hrs 

DoeTrackCountLT24hrs 

DoeTrackCountGT24hrs 
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Pellet Group Count Variables: Counts of pellet groups within 5m of each side of the 

transect were recorded in estimated age categories. Two systems were used in the 

original data files to record pellet group age: 

- 4 categories: <=12hrs, <=24hrs, <=1week, >1week. Used in 2001 and 2002. 

- 2 categories: <=24 hours, >24 hours. Used in 2003. 

It’s not clear which was used in 2005. Nothing was recorded in the ‘<=1week’ and 

‘>1week’ categories, and data was only recorded under ‘<=12hrs’ for one transect. 

Variables have not been combined as for track age. Instead, when categories were 

not used I have entered “.”. These variables could be combined as was done for 

track age. 

 

The following variables were used for pellet group counts by age class: 

PelletCountLT12hrs 

PelletCountLT24hrs 

PelletCountGT24hrs 

PelletCountLT1wk 

PelletCountGT1wk 

 

Bed Count Variables: Counts of beds within 5m of each side of the transect were 

recorded in estimated age categories. Two systems were used in the original data 

files to record bed age: 

- 4 categories: <=12hrs, <=24hrs, <=1week, >1week. Used in 2001 and 2002. 

- 2 categories: <=24 hours, >24 hours. Used in 2003. 
Variables have not been combined as for track age. Instead, when categories were not 
used I have entered “.”. These variables could be combined as was done for track age. 

 

The following variables were used for bed counts by age class: 

BedCountLT12hrs 

BedCountLT24hrs 

BedCountGT24hrs 

BedCountLT1wk 

BedCountGT1wk 

 

RecentShrubBrowse: Recorded in 4 categories: H-high, M- moderate, L-low, N- nil. 

Not recorded in 2003. 

 

RecentShrubBrowseSp: Species browsed. Recorded in 2002 only. More than one 

species may be listed, along with things like Fd litter, Fd windfall, Fd snowpress. 

Recorded as common name or by a species code (At- trembling aspen, Cw- western 

cedar, Dm- Douglas maple, Ep- paper birch, Fd- Douglas fir, Jr- Rocky Mountain 

juniper). 

 

ObliqueCover: Percent of area that a deer would be visible at 60m. Recorded in 4 

categories: VH- very high (visibility in 0 of 4 quarters), H-high (visibility in 1 of 4 

quarters), M- moderate (visibility in 3 of 4 quarters), L-low (visibility in 4 of 4 

quarters). Not recorded in 2001. 
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VetComponent: Recorded in 3 categories: P- present, H- harvested, N- not present. 

Recorded in 2002 only. 

 

MuleDeerSuit: Mule deer suitability index recorded in 3 categories: H- high, M- 

moderate, L- low. Sometimes recorded as a combination of categories (e.g. .L-M). 

Not recorded in 2003. 

 

DeclForageSp: Declining forage species. Recorded in 2002 only. Recorded by common 

names or codes (Dm- Douglas maple, Ep- paper birch). More than one species may 

be listed. 

 

Comments: These have not been checked or cleaned. Left in, in case they are useful at 

some point. 
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Appendix 2.  Pre-burn Mule Deer Winter Range Data Analysis for Skull 

Mt.  Completed by Steven F. Wilson, PhD, RPBio 
 

Skull SRMZ Monitoring Program: Pre-burn Track Data Analysis 

S. F. Wilson, 26 March 2007 

Methods 

 

Snow depth and track counts were log-transformed to normalize distributions. Overstorey 

cover was categorized into non-forested, Fd, P (including Pl and Py) and deciduous based 

on leading species. The cover variable was coded in regression analyses relative to the P 

category. All means are expressed ±1 standard deviation. Predictor variables were 

screened for multicollinearity and all were found to be <0.55.  

 

Data analysis involved the following steps: 

1. Compilation of summary statistics; 

2. Examination of univariate relationships; 

3. Multivariate analysis of habitat relationships without reference to harvesting 

treatments; and, 

4. Specific analysis of harvest responses. 

 

The multivariate analyses of habitat relationships (with and without reference to 

harvesting treatments) determined factors correlated with the number of tracks observed 

in each 50-m transect segment using best-subset multiple linear regression, using AIC to 

identify the most parsimonious model. 

 

Results and Discussion 

 

Data were available for 1010, 50-m segments on 76 transects over 3 winters. Not all 

transects were visited during each winter. As a result, a repeated-measured approach to 

the analysis was not possible and all transects were considered independent. This would 

likely be criticized during a peer review.  

 

Track counts were conducted between 0 and 15 days following snowfall (mean 3.58 

± 4.25). Elevations ranged from 380-1180 m. The number of tracks detected per 50 m 

segment ranged from 0 to 28. 

 

The number of tracks detected per segment was weakly correlated with snow depth 

(Figure 1). Clearly there are other variables influencing the relationship.  
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Figure 1. Univariate relationship between snow depth and number of tracks (non-

transformed) counted within each 50-m transect segments during track surveys conducted 

during 2001-2003. Illustrated linear regression line on the non-transformed variates is y = 

0.16x + 6.00 (r
2
 = 0.025). 

 

 

Track density was highest in the Fd cover type (Figure 2), based only on an examination 

of 95% confidence intervals. This could be examined more critically but it is not a 

particularly crucial result.  

 

0

1

2

3

4

5

6

7

8

Non-forested Deciduous Pine Douglas-f ir

Cover Type

M
e
a
n

 T
ra

c
k
 C

o
u

n
t 

p
e
r 

T
ra

n
s
e
c
t 

S
e
g

m
e
n

t

 



Skull Extension Project:  Summary Report 2006-07 

 

Cascadia Natural Resource Consultants Inc.  17 

Figure 2.  Univariate relationship between the mean number of tracks (non-transformed) 

counted per 50-m transect segment and the cover type, based on data collected during 

snow-track surveys 2001-3. Cover types were determined from the first leading species 

of the forest cover polygon. Only transect segments where tracks were detected are 

included. 

Track density under different canopy closure classes varied by snow depth classes 

(Figure 3). Tracks were most common in low cover habitats when snow was most 

shallow. Again, this is based on interpretation of 95% confidence intervals and non-

transformed values. More rigorous analysis is not likely possible because of the large 

number of pairwise comparisons that would have be made under an ANOVA design. 

This presentation of the data is probably adequate. 
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Figure 3. Relationship between canopy closure and the mean number of tracks (non-

tranformed) counted in each 50-m transect segment, by snow depth classes, during 

surveys conducted 2001-3. Only transect segments where tracks were detected are 

included. 

Univariate examination of the entire dataset suggested that the number of tracks increased 

with time since last snowfall, and that the number of tracks decreased with snow depth; 

however, time since last snow fall and snow depth were themselves inversely correlated 

(the longer the time since last snow fall the shallower the snow). As a result, I included 

an interaction term (last snow fall)*(log(snow depth)) in the multivariate analysis. 

 

The analysis indicated that more tracks were correlated with: higher elevations, older age 

classes, higher canopy closure and Fd-leading stands. Also the time since last 

snowfall*snow depth interaction was in the top model, but not the variables individually, 

although the individual variables were included in other models that also had support 

(Table 1, 2). 
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The complex interactions between the number of tracks, time since last snowfall and 

snow depth, made definitive statements about the relationship between snow depth and 

the number of tracks difficult; however, the number of tracks was clearly related to 

higher elevations, older age classes, higher canopy closure and Fd-leading stands. The 

significance of higher elevations was unexpected; however, other favourable conditions 

might occur at higher elevations, such as higher relative prevalence of Fd, or more 

favourable canopy cover and age class distributions. This could not be tested statistically 

because including the necessary higher-order interactions would make interpretation of 

the analysis much more difficult. 

 

Table 1. Regression statistics for the relationship between forest and snow variables and 

the number of tracks counted along transect segments during snow-track surveys 

conducted during 2001-3. Sample size was 1010 transect segments and correlations 

among predictor variables were <0.55. 

Variables in Model Slope SE F P 

Intercept -0.074 0.089 0.688 0.407 

Time since last snowfall 0.007 0.007 1.217 0.270 

Elevation 0.000 0.000 20.96 0.000 

Age class 0.011 0.005 5.842 0.016 

Canopy closure 0.043 0.017 6.752 0.009 

Log(snow depth) 0.035 0.037 0.899 0.343 

Time since last snowfall*log(snow 

depth) 

0.025 0.007 14.68 0.000 

Leading species – deciduous (relative to 

pine) 

-0.030 0.046 0.446 0.504 

Leading species – Douglas-fir (relative to 

pine) 

0.107 0.021 25.02 0.000 

Leading species – non-forested (relative 

to pine) 

0.025 0.030 0.677 0.411 

 

Table 2. Comparison of the most-supported multiple regression models developed to 

describe the number of tracks counted on 50-m transect segments, collected during snow 

track surveys 2001-3. 

Variables in Model df AIC ∆AIC 

Elevation, Age class, Canopy closure, Time since last 

snowfall*snow depth, Leading species 

7 756.5  

Time since last snowfall, Elevation, Age class, Canopy 

closure, Time since last snowfall*snow depth, Leading 

species 

8 758.0 1.5 

Elevation, Age class, Canopy closure, Log(snow depth), 

Time since last snowfall*snow depth, Leading species 

8 758.4 1.9 

 

Analysis of the harvest treatment data was constrained by the distribution of samples 

(Table 3). Few transect segments were available for some treatments and BEC 

combinations. Specifically, sample sizes in WTP treatments, as well as in the IDFdk2-

xh2 were inadequate for further analysis. Also, there were no harvest treatments in the 
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IDFmw2, which resulted in the exclusion of a large number of samples. The sample sizes 

of harvest treatments in the IDFxh2 and ICHmk2 made further stratification of the data 

set infeasible. 

Table 3. Distribution of track count segment data by biogeoclimatic subzone variant and 

harvest treatment. 

BEC variant Harvest Treatment n Mean track 

count 

SD track count 

ICHmk2 H 5 2.0 2.0 

ICHmk2 NH 31 4.0 2.9 

IDFdk2 H 278 3.7 4.0 

IDFdk2 NH 419 6.6 5.3 

IDFdk2 WTP 10 6.6 6.4 

IDFdk2-xh2 NH 15 1.3 1.3 

IDFmw2 NH 264 4.8 4.0 

IDFxh2 H 6 4.8 4.6 

IDFxh2 NH 278 4.2 4.5 

IDFxh2 WTP 7 7.7 6.6 

 

To include the effects of BEC subzone variant, 3 separate analyses were conducted on the 

3 subzone variants with sufficiently large sample sizes. Snow variables were included in 

the analysis but elevation excluded because of the stratification by BEC, and canopy 

closure and age class were not considered because of their correlations with harvest 

treatment. 

 

Response to harvesting was dependent on BEC variant (Tables 4, 5, 6). Non-harvested 

areas had higher track count densities in the IDFdk2, but not in either the IDFxh2 or 

ICHmk2 (although there were very few samples in harvested areas in these two variants). 

Snow variables were generally better predictors of track density than harvesting 

treatment. From examination of the univariate relationships, it’s likely that track count 

densities are higher in harvested areas under very shallow snow conditions, but the 

relationship can’t be demonstrated statistically with the available data. 

 

Table 4. Regression statistics for the relationship between harvest treatment and snow 

variables and the number of tracks counted along transect segments during snow-track 

surveys conducted during 2001-3 in the IDFxh2 BEC subzone variant. All variables were 

present in the supported models. 

Variables in Model Slope SE F P 

Intercept -0.317 0.152 4.312 0.038 

Time since last snowfall*log(snow 

depth) 

-0.054 0.038 2.055 0.152 

Not Harvested (relative to harvested) 0.066 0.087 0.569 0.450 

Time since last snowfall 0.112 0.044 6.359 0.012 

Log(snow depth) 0.581 0.109 28.41 0.000 

 

Table 5. Regression statistics for the relationship between harvest treatment and snow 

variables and the number of tracks counted along transect segments during snow-track 
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surveys conducted during 2001-3 in the IDFdk2 BEC subzone variant. All variables were 

present in the supported models. 

Variables in Model Slope SE F P 

Intercept 0.765 0.080 91.87 0.000 

Time since last snowfall*log(snow 

depth) 

0.039 0.009 18.23 0.000 

Not Harvested (relative to harvested) 0.134 0.015 74.50 0.000 

Time since last snowfall -0.015 0.009 2.497 0.114 

Log(snow depth) 0.193 0.057 11.32 0.000 

 

Table 6. Regression statistics for the relationship between harvest treatment and snow 

variables and the number of tracks counted along transect segments during snow-track 

surveys conducted during 2001-3 in the ICHmk2 BEC subzone variant. All variables 

were present in the supported models. 

Variables in Model Slope SE F P 

Intercept 0.407 1.700 0.057 0.811 

Time since last snowfall*log(snow 

depth) 

-0.478 1.592 0.090 0.764 

Not Harvested (relative to harvested) 1.110 0.676 2.650 0.103 

Time since last snowfall 1.641 0.653 6.323 0.012 

Log(snow depth) 1.468 2.326 0.398 0.528 
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Appendix 3.  Recommendation for prompt continuance of statistical 

analyses. 

 
From: Steven F. Wilson [steven.wilson@ecologicresearch.ca] 

Sent: Monday, March 26, 2007 4:22 PM 

To: Astrid VanWoudenberg 

Subject: Re: Skull mountain data analysis 

 

I would say 1 day to revise the track count regression analysis after   

the data have been coded. The vegetation data analysis will probably   

take 3 days. Frankly, I'm going to have to investigate an approach,   

and there will likely be a couple of false starts. Please estimate with 

a couple of days because there is going to be other   

analyses that crop up as the report takes shape. 

 

I think the best approach to tackling this, when we get a chance, is   

to rough out a report outline and pass and it back and forth - just   

so I know exactly what you want and so you know exactly what's   

practical to deliver. 

 

I don't have to tell you that the earlier in the fiscal we get to   

this the better. I could comfortably do the analysis   

in late April-early May. 

 

Steve 


